HYBRI D ELECTRI C VEHI CLE 111This application clains the benefit of and priority
to provisional patent application serial no. 61769092 filed February 25, 2013.
[2] FIELD OF THE I NVENTION [3] The invention is in the field of hybrid

el ectric vehicles. [4] BACKGROUND OF THE I NVENTION [5] Hybrid electric
vehi cl e technol ogy i nproves the efficiency of all types of vehicles. Weel

| oaders, front end | oaders, excavators, conbines, sprayers and utility

vehicles of all types require.i i al and financial efficiency.
[ 6] SUMVARY OF THE INVENTICNﬁn?g?bﬁﬁéﬂaﬁgé#bﬁﬁgﬁgk is a series electric hybrid
enpl oyi ng four AC non self-excited switched reluctance fraction
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swi tch rel C I r/generator. Further, the wheel |oader
includgg a nﬁﬁkgﬁﬂﬁg&b@ﬁ@gﬁﬁgﬁﬁﬁghed rel uctance generator/ notor which provides
primary ﬁomer to the wheel |oader for operation of the wheel |oader. An
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energy involved are nodest but the nunber of cycles is very high (4 to 8

cycl es per NMBACEGROUMND OBWHE IeVENGIONt ance (SR) technol ogy is preferably
used for the AC traction notors because of their w de constant power range,
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are not -exciting. sirable as a fault tol erance feature but nust
be addressed for the %%§ten1to function properly. Sone initial anmount of

el ectrilthl pothEYMARY OFTRE ANVERNAION initiate power generation in the switched

rel uctance generator or the systemw |l not operate/generate. Tf a system
cont ai i3] a highk-whotll@gder ibatdries slequaclkybrid cioplayidg fer A€exdn taf-acoad ssheétchdde
excit atr'ezlga?rﬁzg %g%n rr}l%?o%és/ %eaﬂre tofrsovl&‘lhi(t:hhf)aroge\{mthte Q/e elC e Ia:lr?c{ vl(lll(l\'l(t:harrége%e%?enp%(w%rt tcr)gm thléiovw"\“:"r 1N
the case of ultracapacrtors
kinetic and potential energy of the wheel loader. Alternatively, just one traction motor/generator can be
used and it does not necessarily have to be a switched reluctance traction motor/generator. Further, the
wheel loader includes a non self-excited switched reluctance generator/motor which provides primary
power to the wheel loader for operation of the wheel loader. An ultracapacitor bank is used to store
regenerative energy since the amounts of energy involved are modest but the number of cycles is very

high (4 to 8 cycles per minute.)

[8] Switched reluctance (SR) technology is preferably used for the AC traction motors because of
their wide constant power range, benign failure modes, low cost, robustness, and design flexibility. For
the same reasons, it is desirable to preferably employ switched reluctance (SR) technology for the
generator/motor which supplies primary power to the machine. However, unlike IPM generators, SR
(switched reluctance) generators are not self-exciting. This is desirable as a fault tolerance feature but
must be addressed for the system to function properly. Some initial amount of electrical power must be
supplied to initiate power generation in the switched reluctance generator or the system will not
operate/generate. If a system contains a high-voltage battery pack it could be used to provide the

excitation energy necessary for the switched reluctance generator. However, in the case of ultracapacitors



there are conditions where sufficient energy will not be available, for
exanple, at initial installation, and after service or after periods of |ong
shutdown. [9] Regardl ess of the generator technol ogy used, it would be
desirable to nmake use of the generator to start the internal conbusti on

engine. This | i f e system m n start. e
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ener gy. 1 Wth the internal ustion engine and the non self-excited
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[ 16] Recoverable vehicle kinetic energy = -in V - rolling resistance loss. \ 2
[17] Recoverable hydraulic energy = ingH where, mis the bucket mass, g is the
acceleration of gravity, and His the bucket height. [18] Using this

strategy, the actual energy |level nmaintained in the uhracapacitor bank will be

rel ated tq the negative.of .the vehi.cl eed squared.. When the i.nterna
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vehi cl d18]0ne ngthis etrateny, the hdtuad sesirgyd dveN@aintaaed ingthe wih@pwitgetnek ailbesrelotedpel t he
vehi cl . iqpal |y

et weerC ERaor s AP SRIRRRNGuRa, YRR B amEROKEK MR B ORGP A

t ract i oriththt whglgehmpangtke Ii)\ﬁmﬂwcmmteafnﬁmm theridtsqgerpritar dhuyk statoofphergont amor e of
the P! Yol ik Bl iRSEl fre lfc GAMRAGHCAWRY oLQUERL o s associated wi th the non
self-excited AC traction tors/generators are ‘configured to operate in a

generator node or in a notor nDde The non self-excited AC traction
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power to the non self-excited generator/notor when the non self-excited
generator/ notor operates in the notor node. An ultracapacitor bank is

el ectrically coupled to the high voltage DC bus. The ultracapacitor bank
stores regenerative energy fromthe non, self-excited AC traction notors when
operating in the notor node, and, the dﬁtracapaC|tor bank supplies energy to
the inverter coupled to the non sel f-exci t ed generator/ notor operating in the
notor node for starting the engine. The series electric hybrid vehicle al so

i ncl udes a conventional |ow voltage systen1mnth at | east one 12 or 24 volt DC
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not or s/ generators operating in a regenerative node. The uhracapacitor bank
stores energy fromthe power inverter coupled to the non self-excited swtched
rel uctance generator/notor when the non self-excited switched rel uctance
generator/notor is operatlng in the generator node. The ultracapacitor bank
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this exanple of the invention, the non Self-excited generator/notor iIs
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exanple of a hybrid electric systentthélultracapacitor bank is driven to a
predet er mi ned maxi num state of charge prior to engine shutdown in order to
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the vehlcle | ow vol t age DC battery under nornal operatlng conditions. Stil
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[30] A nethod for controlling a hybrid electric vehicle includes setting the
maxi mum perm ssi bl e energy content of the ultracapacitor bank and setting the
m ni nrum hi gh vol tage DC bus voltage and then determning if there is
sufficient energy in an ultracapacitor bank to start an internal conbustion
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[38] It is an object of the invention to use the dual conpact inverters to

di scharge sonic of the energy in the ultracapacitor bank into the w ndi ngs of
the non self-excited traction generators/notors wi thout notion either by
operating at sufficiently | ow enough power to avoid notion or by operating the

non self-excited traction rators/notors with. 0si ng torques, 39] It is
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hybrid el ectric vehi.cle. 42] 1t is a further qbject of the invention to

pr ovi dén"é?if(?%ﬂ“fr?tgrc%B%{gﬁist%orp“[ﬁ)r‘ﬁ“]éﬂ‘b?re%%‘*’f‘%%webﬁag?‘&yRfs%?"c?ﬁiﬁ g4 %év“‘\%ﬂ‘)f‘age battery in

conbi nahdtargewsrhthr @iviCa f3Cociatarevhicdr Thetsedont Fear wakibagetosigimomsor ishenoulsélf-acaphci t or
0 tarti of i nt er nal ust i

1111 ner ok aubE bkl et ol HEh S RayFaE ERAP G AG RE RSt BTl 1 age
bat t er fregenfrdehle brdkigs Adirdt uohjet duabinester afd at shend vepuct @l hoerpr avidiaded C- DC
CONVET L ! T SR IS L0 SR I 0 895, R NG 4 A0 Lo
vol t ageThoffirdt bempucgluavial dregenisings p@dre emahdiigh vz bagetol AAVpdwer frd6] It is
o O 2SS oy SR B A D ROBRS T 1 (e
t he vehhelter @ndtrdPCaivetiratmitiethighheltegrad@lusi into tAtepawet foadapagiht sscotdirke@@ t he
con e, A5 S ST L3R, LOG0 % s ed capeciay. ol . Loachege or
bank  widohntuhiatiaiwiihttle igh edlageDC bgeMb¢ atad cempicyyuddjhveddr cotvaitd DY pbhe from
e DS, N R e AT AR S B el P e
t o t he reervhsd] The@¥@int eenei duahieckriced oncdra MEEp en &battioy Highotddngape bad intogh@ N t he
motor mode. S AmPhLAL bl A R0l Shf5 L ANk PRYRL ol R WHEL: An

ultracapacitor bank is electrically coupled to the high voltage DC bus. The ultracapacitor bank stores

regenerative energy from the first compact dual inverter supplied by the first and second front AC traction

motors/generators operating in a regenerative mode. The ultracapacitor bank stores regenerative energy

from the second compact dual inverter supplied by the first and second rear AC traction

motors/generators operating in a regenerative mode. The ultracapacitor bank stores energy from the

power inverter coupled to the non self-excited switched reluctance generator/motor when the non self-

excited switched reluctance generator/motor is operating in the generator mode. The ultracapacitor bank

supplies energy to the power inverter coupled to the non self-excited switched reluctance generator/motor

when the non self-excited switched reluctance generator/motor is operating in the motor mode to start the

internal combustion engine. A conventional low voltage system with at least one 12 or 24 volt battery is

used in conjunction with a bidirectional DC-DC converter. The bidirectional DC-DC converter steps the

voltage of the battery up and conveys power between the 12 or 24 volt battery and the ultracapacitor bank

to pre-charge the ultracapacitor bank to start the internal combustion engine. The bidirectional DC-DC



[48] It is a further object of the invention to provide the ultracapacitor
bank with the ability to store regenerated energy by controlling the anount of
energy in the ultracapacitor due to the non self-excited switched rel uctance
generator/notor operating in the m)tor node in conbination with a
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from the low voltage battery such that the non self-excited generator/motor can be used in the motor
modes to start the engine thus replacing the conventional low-voltage engine starter. The means used to
charge the ultracapacitor is a bi-directional DC-DC converter which maintains the state of charge of the
low-voltage battery thus eliminating the need for a conventional low-voltage alternator. Further, in this
example of the invention, dual compact inverters are used. A plurality of non self-excited traction
generators/motors each interconnected with a respective one of a plurality of wheels is provided.
Alternatively, a single non self-excited traction generator/motor interconnected with one wheel may be
used. Except for bicycles and motorcycles, single wheel drives aren’t too practical. The point of a design
with a single traction motor would be to use a traditional axle with a differential to provide torque to at

least two wheel ends.

[25] The dual compact inverters are connected across the ultracapacitor bank. The dual compact
inverters are bidirectional DC-AC inverters and, the dual compact inverters transfer energy to and from
the ultracapacitor bank and to and from the non self-excited traction generators/motors. Optionally, in this
example of the invention, the non self-excited generator/motor is operated in the motor mode to back
drive the internal combustion engine and an associated engine brake in order to dissipate excessive
regenerative braking energy. In this example of the invention, the non self-excited generator/motor is a

switched reluctance machine. Different type of generators/motors may be used other than the non self-



[58] Fig. IAis schematic illustration of a hybrid electric vehicle
illustrating, inter alia, the condition wherein the capacitor is charged from
the 24-volt batteries after a prolonged shut- down of the hybrid electric
vehicle. [59] Fig. 1B |s a schematic illustration of a hybrid electric
vehicle illustratin aIJ . the wherein the capacit
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bidirectionally.

[27] The DC-DC converter is a 4-port device. Two of the lines are connected (full time) in parallel
across the 12/24 volt batteries and the other two lines are connected (full time) across the high voltage
bus. Like an alternator, the DC-DC converter is a current device. In response to commands from the
vehicle control unit (controller) it takes current from one of the voltage sources and delivers it to the
opposite voltage source. In this example, there are 8 switches. No more than four switches should ever be

turned on simultaneously (or damage will result). In standby mode all of the switches will be off.

[28] The control of the traction motors is strictly in response to the driver requirements for traction
or braking, without regard to system energy or DC-Link voltage, with the following exceptions: 1) The
associated inverters are not capable of operating below some minimum voltage (¢.g. S00V) so the motors

will cease operating if this occurs; 2) The ultracapacitor bank and power inverters will suffer damage if



[68] Fig 4 is a graph illustrating the ultracapacitor voltage versus the

ul tracapacitor total stored energy. [69] Fig. 5is a graph illustrating

ul tracapacitor usable energy versus the charge tine. [70] Fig. 6 is a graph
illustrating vehicle speed versus kinetic energy for a 30,000 kg and a 40, 000
kg vehi ¢l I, 71]. Fiq. 1S a graph. illustrafi vehi cl eed, finme and
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ul t r acapaadetimtit. vol t age versus tine for discharge for different power |evels.
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of 800 o\ée%g in the generator mode and recalculating the calculated recoverable energy plus the
ultracapacitor energy and redetermining if the calculated recoverable energy plus the ultracapacitor
energy is less than a maximum permissible energy content of the ultracapacitor bank due to consumption

of energy by the hybrid electric vehicle and if the recalculated recoverable energy plus the ultracapacitor

energy is not less than a maximum permissible energy content of the ultracapacitor bank, then shutting



[77] Still referring to Fig. IA a non self-excited swtched rel uctance
generator/notor 102 is illustrated therein along with an internal conbustion
engi ne 101. The ternms non "self-excited" and non "sel f-exciting" as used
herein nean the sanme thing. A bidirectional pomer i nverter conmuni cates 103A
electr awer to and fromt i gh volt 105.. The swi t ched

el uct e anErat GRS ee e St Bt e e RGeS R BaR QEPHOA

i nvert @hgﬁeaoee@m\ﬂ&rlieg bAke pEasttc flicd ca@rﬁmrspaﬂdnmmatﬁrngmaxiﬂughpomk frage DC bus
105 is nterc nnec ed 104A with ultracqggC|tor bq@g 1ﬁﬁ? gc 2% nverter 106,
and conpaty® 81“’“F %eélﬂa&)ff o gperaig in @ gepgatoeimode If s algdlped s eriFaresY 108
drives IAGtEdler&h@fdltdir&lnﬂgfz anee thab tiemek anepaindrisle Fl@gy dohlenwdfitedulopepaatte i n t he

not or e, front .whe; brid electric vehi.cle. First
Coonctoote ahe el Y it el et Eh bt il FhonoR et anftife s
r el uct amgee ¢dhatint @ntheérOdcH/cgéeitee tradtdn $nolckOprofdrfionah®@nhd biske copeaad andiwithihe

gener at or . node. Reference nunerals 110A, 11 ndi cate bidirectio power or
aner oy TP Bl SRecse i hea’ TS heddrCubAERe sBRab st bE. 01T and
t he fi retagaPastvolaggalis drente riiaanheligh voRedead @ baeminlnie edlggd if fhé Arakt cdrdAaridndi cat e
bldlrectlonallgomer or energy flow between the AC switched rel uctance

mot or s/YENEFSTSrs 112, 113 and the second conpact dual inverter 109. [79]
Second conpact dual inverter 109 drives AC switched rel uctance '

ot or s/[§&8ner ¥t shepmphodra@rirepending meere ravkgompeist to thsdhen faf-oxgitedraggont he rear
wheel s g%ﬁer&tb@/nm((gg 1f%eQJ1%%ﬁthé‘e W@Qﬁquoﬁage%QggaﬁpﬂH%E hgh‘%lt DBerd.er 109 may

al so receive energy f the AC switched reluctance tr ctlo not or s/ gener ators
112, 118npper atlggpndmonieringenercateatonvoaiemand if §gThigReoBrgs A ebus inerpaidr ik

|1 ust neéh%uageq)@bg'lﬁlﬁﬁﬁdl@m&ga 36 RAABNRE A ARk BRI A WhlJ A& DC bus
105 and Tirst conpact dual 1nverter Ret erence nuner al A illustrates

t he bi db k@sdhfirvhamammv@rpe@mﬁédq $poed %lét S\mféng 2 1R8O t9rqyh corpmangge ﬂ@@Ob saf-ax0Bedand t he
second tﬁ@ﬁ(%aééherht%ﬁﬁott(ﬁg 1f 108c1e sﬂe@&-ls nE{ 19ss tﬂaﬁ tl'lesmﬁurﬁf\frﬁ %%ﬂésﬁ)lé sh!iéﬂsaglﬂ Qén'dfﬁ 100B of
a hybrid electric vehicle il lustrating, 1nter alia, the condition mhe |n t he
capaci tnopitiyQurgug cappdrdpirenttiopal dhte g@ale@ﬁd skend p\fltymgabémehlgys todhettiga selbn

sel f - e>%9&ﬁe'd@ﬂet§>‘9ﬁg%&é?ﬁ§¥s/%kdﬂ%tﬁé’&ﬁt &‘f‘e%? %HQM\UBH %.Ear 194, ttl?—: Iﬁétﬁfdtrechltﬁ%s I nter nal
conbusti on engi ne erence nuner al 2M1s used to 1d e charge fl ow
from t rending 4 Begatpadirgesrcoparikd pogortigna Wéhwﬁ@atpm@mt %ﬂﬂml @tgblh?xdmtlts tq thenefon

sel T - exeirliod Whdih Ethel b ARG PG BNRLALAIIRA B fortOf QRETR hd And AEHSPL OF
node. Reference nunmgral 163Millustrates a schematic arrow indicating

rot at i awefprs éﬁéfrhgyoraﬁﬁkﬂ%@tfdttr@cttOhée@mWR/H@mﬁf qre gfitohprelugtapgeriadchiverbils furtber. engi ne
101 by thélﬁetﬁéﬁﬂ %&hl%gc&ﬁloﬂﬁilg Qﬂ%d&%ﬁfc%ﬁ’l[ﬂ/e W&Q{n tl:kol%)n%Ql? 'é?&ﬂe@gen'eﬂtotr/ﬂﬁ)td?‘o tor

node. IS a Schematic i1llustration lectric

vehi cl eNh1¢h| atﬁgtsmtlmﬂ@al dopbestion pigane is preferadiyd smﬂélrrrsdmewmca Hraﬁénei rﬂr@pwélly the
combusth Al (3galoRoihint fyFHRRLIENGHAL LRl AOReSE! doniisfiiheHle it hed
reluctance generator/ notor 102 operating in the generator de” suppl yi ng power
t 0 t he caimbystion paedictto rdldymd komp4ndingperEWprzworvey fran thesn seéﬁ-ﬁ}cmﬁie 24 vol t

bat t o1l RRcrdmoBENREERER MUMBLA mIRIGn SudiSENETRE S B QIBILNAL B PGitor
rotation energy sup by the cran ft of the intérnal conbustion

engi ne chOEy tsarot kags thamt fz:rh@@n\alélpa@tl%ﬁrbéfeeng@wm@répf ﬂmvbfﬂcapMOblp?@kam Vigitipge t he
gener atpi (Hdehe Wil dh@fBRlonBORHSAJ s RIMGE W8h 2O pSRY B8R0k Bl thd for di esel
engi ne. The sw tched rel uctance generator/ not or 105 operating in the generator
nmode nepylfisecitgd goprakopjnipias lebeTetingRe fhe getveatormnge pad reqa@@tm thg selpatedreedvaragls 1 ow
firom € NficiB0 Bt e LriphiloP bl G RELLCFEhHE HARAS RN AL AL AIDLREey IR uPer al i ng
in the generator node : AC I nverter 10 he ul tracapa0|tor bank 104,
the DC cwnWﬁéfrrgm@ss thhlea m@ema@l neayesiie encegyi C@gtemwfthemh@cmmb%nkcﬂ@ato

i nvert Q:roﬁsu;]n%gon dQerz 2800k B CARIEREK Ghd £ thelrfcAEh b QE rdTB ALY/ BERY pluedCer s
110, 111 2, and % for” driving wheels of hybrid vehicle. ? he non

sel f - extFacantciter sberEoN nﬁmlt:&ﬁﬁ@pgwm%nﬁf@rsyblrr@ergﬂq@tenmfzhe wiigapaeorfbgrk. dr i vi ng
wheel s ffs diEinf R o l\ﬁ?ema@&&nam&yon% Rolpliksnk ched 1 el uctance motors are
illustrated schematically In %: See Fig. 1D, a schematic illustration
1000 of a hybrid electric vehlcle illustrating, inter alia, the condition
wherein the internal conmbustion engine 101 is supplying power to the non

sel f-exciting swtched rel uctance geneﬁgtor/nntor 102 operating in the
generator node which, in turn, is supplying power to the ultra capacitor bank
104, the dual conpact inverters 108, 109 which supply power to the non

sel f - ex0|t|ng AC fractlon nDtors/generators 110, 111 112, 113, and to t he




[85] Fig. IEis a schematic illustration 100E of a hybrid electric vehicle
illustrating, inter alia, the condition wherein the regenerative power is

bei ng supplied to the ultracapacitor bank 104, DC-DC converter 106, and the

| ow vol t age batteri es 107. Refer ence nurrer al 162R indi cat es dashed |ines which

are re sent of po | ow t ul.traca CItO fr he .non
RPRGE R It R A U A o R e

speci f iooalhiaydmg ot anend eomlbmeclstednginG ?d?idleradd e@ﬁrﬁﬁadﬁllgaé@epoévb@unérﬁtmmﬂohetham

sel f - exc tin d ]éa? d rel uctt ance %e gratg ¢ 0{ é% 1 112, E’é% 113
acting FHtH égﬁ XEFOr PRYR MR f RECLAITEILE T ARTAR CREPHECP IR 15 0pey p3the109  the
hi gh valltageciXe chiigy @bt leﬁlﬂﬁn&Hwnaxhrhlﬁrﬁp&ﬁmibIdﬁhel’gﬁﬁchltehﬂéftheASltrS(ﬁpacft&fHahki n Fig.

1E, the non. self CI ched rel uct ance generator/notor 102 nay be

o st SRRSO T Rt b R RO S P TR G0 SeP B b must
be madetrdnitht hen letdﬁcﬁfbﬂ[galwratt@l"md)afﬂpelaﬁngiﬁfthefgaﬁériitoﬂ Modeiagd retHculAmgetieect r oni
controII set rth in controls the operatio ybrid

S oet el iaRi e freriintgd Put i RefRrlo: STt seBR ek il og e

cont r olre@leraiile gnerfplksi tixsSultradapaetor2Aerglisgsss than andxidAmi p?enalssblhemgy @n28hf 200A of

Lo or oM R R et P lon D EneB i e G FlsSiie YRR ang et Rediisiod o

The enatdoetreltle ¢ty Busahd ﬂfrzmamitorreﬁﬁ’gﬁ saiot lenghanmpnﬁxsmm derontidsplet cBero cdrtiant

voni of & el ettt Baflo Bt i S RERGRE Sy Son BRSO s R R bR ' €

connectwach thé dilal cdmma)m\ienels arsaiak@hg mm’e @s the Eﬁ’@gyhﬂ/t%lt\/@hﬂaciﬁﬁﬂ)hﬂd’ in@sviaditkst he

ot her t line onpect ed acr.oss .t e Li ke an
o1 1 or natt e iof e B O CAeR b oo b RETGETIES PP Bt BEEE Ry manas
fron1thﬁm%ﬁ@b@hﬁo@@ﬁdﬁmhmunmpopamHQKMsumuﬂfemmfdﬁ@ﬂb@gﬁm@hm%h@ommhmage sour ces
and delivers |t to the opposite voltage source. In this exanple, there are 8
swi t che®POYS 'HIPE  t han four switches shoul d ever be turned on sinultaneously
(or damage will result). In standby node all of the switches will be off The

cont r ol3Hf  t nillffprgher.ithprmetnddprcontolgng ¢ iy cleptrie seidneriondlytindudgs iinpang the

requir WE&CB&%&H t@%tpkeﬁ&e&{méﬁflﬁé&hﬁgn stife LRQHE e pﬁg%‘éhlh&’ovﬁyo?ttﬁe%t%%r gy or

DC-Li nk voltage, | owm ng exceptions: 1) The assocl ated inverters

ar e notcoghpdipn engclﬁe ferprepléteﬂmlge sreting W ighorencad t9irply on pistahargimg fwnythe gddNg lowo t he

mot or s Wdde fepsgyoperating if this occurs; 2) The ultracapacitor bank and
power inverters vm II suffer damage if the DC- Li nk vol tage exceeds 900 volts,
SO dell?:(% 8[ erate ener nmust be halted at sone per voltage Ilmt
The hyd HF?SB ‘I’ SreGrg Ul gondpigp of éseé‘é?Fe"}an‘Bim‘inﬁ]’\lﬁéﬂtt‘%ary AP E Qe current
to the rmdlyldmkhabgwhéaffgym&tge dév_)l_crfg'btﬁﬁ)e%mhdl Bﬂénﬁﬁﬂxb@eﬁ@toﬁﬁa@e}t&m@b@l\f@ei he mi ni rruh m )
i nverter eratl vol t age,; e ultracapacl. tor ank vaqlta e S 19
as possith EWE‘%W#%%? % 1@66\‘*’/“?3?]??1“? 18\ goptiguously 8‘11]§F anﬁl?%‘i ﬁ)ﬂs q%&%rg%gwﬁekfet ai ns
suf fi Clv?aﬁﬂld High Iﬂggﬁle@ a@abatédh\myh théx [ihﬁs%aﬁd the got@fﬂryouki m%mehnﬁmn mﬂaieatviitaho Iener gy
current stoe In the,venic .. That S Decause a.nli r -1 t age
s ur t T GhEP et Jiptht mere e ane bueh gt 4 besgupuhagedl SRRt ost em
eL fi g [ esnﬁmanea))lsl} kedoud. i mcsa;agr;el dnephatgamkryi@_té plﬂoﬂl}bgff(h‘arﬁ@leﬁbtmhidhé id t/igngi Ee .
shut down so that even t he .ul trac cjtors.di.scharge, over. tine, t hey Wi

1 ey bt frUaim et and e Hiymyibe PICRAPE Ol TG oot R Py T e o e i s
not r unRedIgK ndthiag isnﬁ@zﬁngarhlsﬁlaja?];giem?abeméreepdmﬁh g&ell;esmarbisadd inV&reer Bﬁlt][it roller
querlest status, of .the ultrac r ank to determ.ne i ere | s
QUFTT ot B S8 PP AL (154 ST in bR b0t B bl THEethrt beng)
conbus fMpsmdeTEwWnR dlskl‘patechﬁreech cﬁ‘tmoﬁtra%u&f h6tb B Nther£iNB HPYsibkOo dlthaTrg,h:ahdﬂ tracapacitor

bank 1 to start the en t o 10 an ansfer energy
( char geJltaeapacips byjikiip ARz ?t?léﬁrl Zgﬁﬂﬁ’%fgﬁ?gﬁc)cﬁ&ﬁé nB?‘E?Se‘?h"Eﬂ?WC‘F’Bméﬁusl east
200V DGatirfgeff @5lem aed ynypeffidiencdldach Adtos ablﬁﬁuﬁdlkslmslzmdlkmatnmg oolmgyaikeathon of

energy to the ultraca aC|to ere ry of whether or there is
suf fi ci®BHE 8lérgy™ i%%‘gé?%%&% “‘I%‘Feel %ﬁ%glﬁif %(aé’ﬁli ﬁh§fhar|g? lstriif‘é‘ﬂré‘51 ®sufficient
ener gy gfidatbincah Beudsl inf @€ spaahdnaér. bank to start the engine, then proceed to
step 203 and position the key in the start position. Once the start comuand
has been made, conmunication 203Y |s naﬂe with the internal conbustion engine
to determine if it is running 204. tthe internal combustion engine is
runni ng 204Y then a calculation is nade to determine the recoverable energy in
the vehicle 207. If the internal conbustion engine is not running 204N, then
the key is once agaln positioned in the start position to attenpt to start the

U T | D PR T L . A M1 r em~\m1 7~ - 2 . D R Y T L L I b



[93] If the speed of the vehicle is |less than the maxi num speed for the

sel ector position 225Y, then proceed to the next step 226, is the hybrid

el ectric vehicle in forward gear 226? Tf the vehicle is not in forward gear
226N, then proceed to the next step 230 and send a negative torque conmand to

the sw tche eluct .. gener at or s/ not or whi ch driyve the
vohi ol &5 6heel B BGHOTRE B R AR S OB LR P S 81 89 ¢

i mts dsad with a/ﬁnglémacﬁelhineioedﬂmng dvavdnaichalal fibréntielbdquipp i) axtts. reddes ot techhicdlye
vehicle is in for ear roceed to the,n 229 and send a

bos! ¢ 1 Ve Eop BT SR iR b e aR P A R B HBoPe 10, 111,
112, 1Ja3dwteie@h:qﬁﬁrdm/eﬁtstheymblbe I;eef sdorial . 1N dictdrdnahod-@lftdreitiag ol 2Cak or  Si gnal
and wit tability limts to drive the vehicle.in the for d i rection.

a7 "FiTeL- WA e ot & bRty p i T5oeReE et Thee D Gaiscr -

i 1| ust rpidnitygf,enérpy Srailatllé @metvhiare @othiesylstedito ploetde iexcitatien ahege ifakcadsiavie power | 62R i s
being supplied to the ultracapacitor bank 104 and the non self exciting

sw t cheg reI Ref er ence
muer Al DM B T B R s S A 05 e 0t e

DC- AC rowiant peyyes bansand @13, téﬁrdfOte@ mptedikalyrio medtftheagaiitedl ngfosmince ht@dlftcetm@:t ance

gener at I 163Mis a
oot R b TP s LS IR 2 of the
i nt er nahcreasestang thisomeenyitheer 1@ adyevingdigho speddednlese lserae e figdnerkanae/imot or 102
oper ati gy, bk FRLAS mmaftedlso phnafibdlive Hiufd Bics SREARELGRIY b llRtb 2 es a
resi st or ank 190 sw t chabl 90S |nterconnecte§ 190A wth the high voltage DC
bus 105?”P@@W®n$mﬁbaﬁweﬂ@@Aﬁgambﬂi@m@ﬁmﬁ included so as to assist with the

di ssipation of energy if too nmuch is present. Additionally, resistor bank 190
assi st 5[3W th Itilalan 6Bt bOihe aivent®h abise t&pﬁﬁl&bh@ﬂ:t ﬁlfveﬂrt]dﬂf&;tolﬁl}élblﬁdrgt sBhe 6t the %evghhi cle.
Fig. 1F so illustrates accessories 180 ch, as raulic stens i ch may
contri uﬁﬁt@ "Betme o sukdrg Bpdiags gy PoBP e g g&e%tglgcﬁ o HBM er s 185
enabl e rhdiRnCRIRY 8 Shedilinfs awﬁfmntlplo%np@gwowaﬂd aVéi€ @roued Sy oﬁtlﬁﬁtgrth@@n self-
connunlcatlon li nes 18/A and 185A arc illustrated in Fig. 1F as well. [96]
Fig. 10F&ddRHpgerLatp el with gwoted&Bes a hybrid el ectric vehicle without an
ul tracapacitor bank wherein the | ow voltage batteries 107 arc used with an
engi ne [8%]ar t df isfadurtlst ehj¢cit pigtht neenting @ruak noosrhiestiied swrehgd mduct®@de Ref er ence

nuner al re n vol t age

pat t or 1268 gt Ro e AERRE o b o R R B b B o B
105, thﬂ@m@ﬁhtMEn@mmbmnwmwanD@DmI®®tmhhbhdphvecv@mmc power to AC power for
driving the non self-excited switched reluctance generator/notor 102 operating

in the mamt or 1RAeuRE SjcIBCHAML &b Y HE b YR&EIIBNT 18ERM AT AdiSel Bt EdAVitdhedbust i on
engi ne 101. Reference numeral 173 is a schematic arrow indicating energy

suppl | BlUETENCE GEnCraigrapqiers PRSI RGNt (AereviBy PRay/sien oatitedRethe'dat coupl i ng
for stqg@h@gﬂhﬁewmkgi] Fig. 1His a schematic illustration of a dual conpact
inverter having a synerglstlc advantage in that tmo |nverters are able to
share old Jat tor b a gh

vol t agg onneIEc) 5 ﬁlrglﬁfj()b i O%tﬂﬁf mve“% ons’ o l%fatlﬁlt 0\?th§?8 age Se‘?é’é‘tl r %?ﬁ’%’g o Shari ng
makes froluctewrgactat@s/ ooramperapedialgi gegeratm[ 198(]6 aiititen omijlylcpmysmth &bntl ah@reat t he

\I‘/]?lgr It ﬂeg g n?.(‘.t l{]iall Q{INVIM]iVerter osprgxfléle I neraﬁonc(%a)fn I}]eg é‘ltc Ip8\r7&]7%r é‘r]()én t(i)l E(ll’letrl_lc energg St%lcefate);e¥ fi)\?VEd
and cornheobvicd mdridekctbuveidiey al |l exi st only over the data links. [99]
Referring to Fig. 3, an electronic controller 301 as set forth therein
controlga1t he 1PREMAHPELQE of AL B (#bBE 4l t@na\éﬁﬂabl%r%fhwﬁlr&ew@»s én%rE@ rﬁoﬁt £ctrical
schematic 300 i npl enenglng the control strategy of Figs. 3

i |1 ust rlay seltagp batigphin ampingionwibe W@(ﬂ‘?é@“ﬁ"e‘t’lﬂf‘@tt%@étagjéﬁ@ﬁ fath@ pltraggp acafgr i8

curr entm@gwfglestarﬂggofﬂ;*e iMeSQ dpoHs’i&)ﬁ@ﬁ@% the non self-excited swtched
rel uctance generators 110, |11, 112 113 as current sources. Load 320 is

illustrated in. F| 3 .an rese t he f rces re d for | sion of the
veht ol dtding. b aifner HERT REEPBSETR Pt DRt Kp iR Ry e o
link 310 and input fromthe vehicle data Iink 311 are shown hi Fig. 3. [100]
Various algorithnms nmay be enployed in the controller 301. Further, the
avai l abl e energy fromregeneration is &6nt|nuously noni t ored and calculated by
the controller and, therefore, the anount of energy output fromthe non

sel f-excited generator 102 nay be reduced. The controller 301 includes out put
r1 mhlch controls the non self-excited generator 102 The controller 301

o1 I R Y T T L P P DY T I 2 . I | I | o P 1 . T | N S



[101] Still referring to Fig. 3, when the vehicle has been sitting for

prol onged periods of tinme or when the vehicle is new, the battery 107 and the
DC-DC converter 106 charge the ultracapacitor 104 to enable starting of the
vehi cl e using the non self-excited swi tched reluctance generator/Mtor 102.

The |l o ol tage hatteri.e ed are capabl e storin pproxi mately 6 times
The end?dly ¢ ok *duEreCThebam en GaRo GtegHaC- T o B RG Weig Begolyes,

i nst andem the high eblege DAk al thdBfteiynditagtiesl.t hat approximately 1.2 M5 can be
stored at 800 VDC across a 1200 Farad capacitor. If a 3000 Farad capacitor is
used at[4%OO \fpl_g’a fRERE aﬁécmtﬁé ﬁﬁvartign MJcoﬁ@(n tllféazoﬁ%é%ro?%e h@%oft%[ﬁ s%ﬁﬁ\%q_ | ow .
vol tage batteries 107 Can store approxi mately Ml at 24 VDC. 102] Fig. 5is
a gr aphmBoom Ydliges leedli ng ul t racapaci t or usabl e energy 501 versus the charge
time 502 with a charge rate of 5 kW Reference nuneral 504 illustrates the
char ge [aé6)me atis éZ@Qlchlﬁjj@doiCtﬁ@ﬁh_Gér&i@ﬁ toggéxii(ﬂtghe ﬁa&gpzfciitslaiahywiztﬁﬂﬁ aWitygf) sﬂdﬁegm ﬁ'
energy is stored in ulfracapacitor in approxj mate|y seconds and this
amount "BEAET &gﬁfsy}-‘/rfﬁ Blaeehe @&‘?Vﬂa%]ieéﬂ‘f@f Briheyehels aﬁ§L¥ ﬁ%c Hire Mi&neTgbitoust i on
engi ne thh@hadapRitbrith @Edpahe @aBINIG tot0 Bn @R &hanShCdekiebd chfaciher tRh@ir@pdcgorcol d,
usabl e energy of 200 kJ is necessary to start the engine. Reference nuneral

503 il lystrat i f F i | NG ference
urrer al #8051 Fagp ef QRGP b erln b sc R AhERRACH LAk wBA I b/ Gl

r ef er encgnerate pkgy398aichibtingt thateesctahle codray pehd vehislegihd by 0@ MtiFathadnagpaci t or
string, e [ i el - har ' .a 3000 Farad
capact 115 Oy PLBCARS SR M ot LRl e P B e B e 601
i n km hwitvledsesctdicn ginertomata pp@@giimthk nofamode B o000 Mhaka vaifice Edid@1i@R0 kg

vehi cl g, Reference nuneral 603 illustrates the plot for the 30,000 kg vehicle,
and reference numeral 604 illustrates the plot for the 40,000 kg vehicle.

Ref erence nuneral 605 indicates that the kinetic energy storage limt is 700
kd whi dfSli s dt Badigeepeisct oifhomvemian tograyidethepligrapgeépRmbivith His abiipde St as

vi ewed rbgnbib@d erfbrgy Hyk@fdolflgdhe dndusit & BEBPH (HONrhdapddfiblr &b kdWlle M@ RlcReitReEd 702,
time of operation 701 and conditions for regeneration of energy. Reference
numer als¥ityhed relyefance gepsratogimptoy pperptig iy ths Hrotqs Srore Hcompingtigpevithy bl%/léf‘gtéﬁ@} ation of
ener gy.powee@lddecal |y, reference nuneral 703 represents a four (4) second
interval of time. During a portion of this period of tinme 703, the vehicle
accel erat.es d attains the speed of 12 .kmih. Thereafter, .reference mer al
704 r epidsentbh B85 enEREET ol o bl T bop oIS b Flon L FESF

decel eraatitadgedaraomm@olash kranking ewoor KmbystenSurithogs highi wltigubattdy pskcond peri od of
time, rgy .is.regenerated, 716 as the vehicle is sl.owed . from12.0 krdh to 0.0
cnn D ¢ edhRarSiRbRat Sl ey e biife Gk AR ISR eSS

sel f - exstiteddwAchetl rd@tancngagener/abor 8 ot nid@, fol dybtgemd dRhovahigh $diage battetye

gener at %(r:ksm)de. O her types of traction generators/notors nay be used as

st at ed Hi&Pei nabove. [ 105] Next, reference nuneral 705 indicates zero speed
for a détli od lok atfintheeot(j@) ostbecmmesion ol frawidch Hyprid alpétde adhindd wlhielt hasmhe aRdityetoence
nuneral .is a fou second peri.od . of tinme 706. ortiaon of the.ti 706 is
nocer erstihml sathybRSRRN RELUBH i it e et SR R once
t he vehingd adat thakemsnell@s kevehbden startqoler i od of one (1) second, it remains at 10
lunth f 3 secands. X here is. a two (,2)  second.interval of.time 707 when
the veilrdh o noNddudiaf et bhy Fishond i SR e LRt s e T e Shics, " 2) eecond
peri od [63] ti reis AGUitheeotgecyyf thsinvegien &b adt anlBraagpatine avddn ddegic vshisleowsdl f r om 10
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period of tinme, energy is regenerated 714 as the vehicle is slowed from12.0
kmh to 0.0 kmh. [106] Once the vehicle cones to rest, it remains at rest
for two (2) additional seconds 710. Subsequently, the vehicle accel erates
rapidly in the reverse direction for 0.5 seconds until it attains a speed of
10 kmi h. Reference nuneral 710 represents a two (2) second interval of tine
when the vehicle is not noving. Ref erefice numeral 711 is a four (4) second
interval of tinme when the vehicle is noving in the reverse direction at a
speed of 10 km h. Subsequently, once again, in a tw (2) second interval of
time 712, the vehicle decelerates from10 kmih to zero knih and energy is
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11081 REFERENCE NUMERALS [ 109] 100A- schematic illustration of a hybrid

electric vehicle illustrating, inter alia, the condition wherein the capacitor
is charged fromthe 24-volt batteries after a prol onged shutdown of the hybrid
electric vehicle; [110] 100B- schematic illustration of a hybrid electric

vehicle_jllustrat.i i.nter alia, the condition wherei he . acitor is
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100C aﬁhega ic illustration of a hybrid electric vehicle illustrating, inter
alia, the"C6ifdition wherein the internal conbustion engine is supplying power
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switch rel r . . j 4 lyin
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vehicle 1llustrating, In alta, the condition wherein the regenérative power
i s bei rdecssigpphitled to the ultracapacitor bank and the non sel f-exciting

swi tched rel uctance generator/notor operating in the notor node; [115] 100G -
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a dual seeBRdctludtiiée sérRfatdiaokdig AarSWB alt@hs tobusadadtiage in that two inverters
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wherein the internal combustion engine is supplying power to the non self-exciting switched reluctance
generator/motor operating in the generator mode supplying power to the ultra capacitor bank, the DC-DC

converter and the 24 volt batteries.

[61] Fig. 1D is a schematic illustration of a hybrid electric vehicle illustrating, inter alia, the
condition wherein the internal combustion engine is supplying power to the non self-exciting switched
reluctance generator/motor operating in the generator mode which, in turn, is supplying power to the ultra
capacitor bank, the dual inverters which supply power to the traction motors, and to the DC-DC converter

supplying the low voltage batteries.

[62] Fig. 1E is a schematic illustration of a hybrid electric vehicle illustrating, inter alia, the
condition wherein the regenerative power is being supplied to the ultracapacitor bank, DC-DC converter,

and the low-voltage batteries.

[63] Fig. 1F is a schematic illustration of a hybrid electric vehicle illustrating, inter alia, the
condition wherein the regenerative power is being supplied to the ultracapacitor bank and the non self-

exciting switched reluctance generator/motor operating in the motor mode.
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[ 118] 101A- el ectrical communication between sw tched rel uctance

generator/ Mdtor 102 and the internal conbustion engine 101; [119] 102- non

sel f-exciting switched reluctance generator/notor; [120]103- inverter ACto DC
in the generator node and DC to AC in the notor node; [121] 103A-el ectri cal

comruni cation.between non .self-excitin ener at.or / not or d the AC/
CovorrabBt [ 009 THAE Sep R iy et TS RARE AR e e ot cat i on
bet weenvhthsiebapacidage thaakes 224sandithingigivie bthitg orDarthigshe ihtidd] cb@bustian hi gh

vol tageengge'bus;

[65] Fig. 1H is a schematic illustration of a dual compact inverter having a synergistic advantage in
that the inverters are able to share the cold plate, a DC-Link capacitor bank, bus bars, housing, high

voltage connector and wiring and some of the low voltage electronics.

[66] Figs. 2 and 2A is a schematic of the control strategy of the hybrid electric vehicle.

[67] Fig. 3 is an electrical schematic implementing the control strategy of Figs. 2 and 2A.

[68] Fig. 4 is a graph illustrating the ultracapacitor voltage versus the ultracapacitor total stored
energy.

[69] Fig. 5 is a graph illustrating ultracapacitor usable energy versus the charge time.

[70] Fig. 6 is a graph illustrating vehicle speed versus kinetic energy for a 30,000 kg and a 40,000 kg

vehicle.

[71] Fig. 7 is a graph illustrating vehicle speed, time and conditions for regeneration of energy.

[72] Fig. 8 is a semi-log graph of ultracapacitor voltage versus time for discharge for different power
levels.

[73] DESCRIPTION OF THE INVENTION

[74] Fig. 1A is schematic illustration 100A of a hybrid electric vehicle illustrating, inter alia, the
condition wherein the ultracapacitor bank 104 is charged from the 24-volt batteries 107 after a prolonged
shut-down of the hybrid electric vehicle. Figs. 1A-1H, inclusive, use many of the same reference
numerals and they have the same meaning. Once an element is described in connection with a given
reference numeral it will generally not be described again in connection with a subsequent drawing figure
to avoid repetition. Reference numeral 161 indicates a dashed line illustrating energy flow along path 161
from the low voltage batteries 107 through the DC-DC converter 106 to the ultracapacitor bank 104, the
bidirectional power inverter 103, and the non self-excited switched reluctance generator/motor operating
in the motor mode and to the internal combustion engine 101. DC-DC converter 106 is capable of
handling 5 kW of power. If the ultracapacitor bank is charged to a sufficient energy level as represented
by the voltage across the ultracapacitor/high voltage DC bus, then the non self-excited switched

reluctance generator/motor operating 102 in the motor mode may be operated so as to protect the low-

15



[ 125] 106- 5 kW DC-DC converter interposed between vehicle | owvoltage
batteries and high voltage DC bus; [126] 106A- el ectrical comrunication between
vehicle | owvoltage batteries and DC-DC converter; [127] 107- vehicle

| ow-vol tage batteries, preferably 24 volt batteries; [128]108- corrpact dual

DC/AC'n rodri two AC nptors reducers 1 or [ t he
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combustion engine 101. Reference numeral 163M is a schematic arrow indicating rotational energy
applied to the crank shaft of the internal combustion engine 101 by the switched reluctance

generator/motor 102 operating in the motor mode.

[75] As used herein the terms “ultracapacitor bank™ 104 mean the same as “ultracapacitor” or “ultra-
capacitor”. In the preferred embodiment or example, the ultracapacitors are arranged in series to achieve
1200 Farads of capacitance. Preferably the ultracapacitor bank has an acceptable operational range over
which energy is stored. Capacitances in series do not add, rather, capacitances in series are calculated as

follows:

[76] It is specifically contemplated that ultracapacitors may be used in parallel, series or in a
combination of parallel and series. Further, it is specifically contemplated that capacitances may be in the
range of between 1200-3000F. Fig. 4 is a graph 400 illustrating the ultracapacitor voltage 401 versus the
ultracapacitor total stored energy 402. A line representing 650F of capacitance 403, a line representing
1200F of capacitance 404, a line representing 1500F of capacitance 405, a line representing 2000F of
capacitance, and a line representing 3000F of capacitance are illustrated in Fig. 4. Reference numeral 408
indicates the lower ultracapacitor operational voltage of 500 V DC and reference numeral 409 indicates

the upper ultracapacitor operational voltage of 800 V DC.

[77] Still referring to Fig. 1A, a non self-excited switched reluctance generator/motor 102 is
illustrated therein along with an internal combustion engine 101. The terms non “self-excited” and non
“self-exciting” as used herein mean the same thing. A bidirectional power inverter communicates 103A
electrical power to and from the high voltage DC bus 105. The switched reluctance generator/motor 102
produces AC power and the bidirectional inverter 103 converts AC power to DC power and vice-versa.
High voltage DC bus 105 is interconnected 104A with ultracapacitor bank 104, DC-DC converter 106,

and compact dual inverters 108, 109.

[78] First compact dual inverter 108 drives AC switched reluctance motors/generators 110, 111
which operate in the motor mode for driving the front wheels of the hybrid electric vehicle. First compact
dual inverter 108 may also receive energy from the AC switched reluctance traction motors/generators
110, 111 when they operate in the generator mode. Reference numerals 110A, 111A indicate bidirectional
power or energy flow between the AC switched reluctance motors/generators 110, 111 and the first

compact dual inverter 108. Reference numerals 112A, 113A indicate bidirectional power or energy flow
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108; [131] 109A- el ectrical comunication between high voltage DC bus 105 and
conpact dual inverter 109; [132]110, 111, 112, 113- non self-exciting swtched
rel uctance generatorl notor/gear reducers for driving wheels of the hybrid
vehicle; [133]110A- electrical comunication between conpact dual DC AC

[ t 108 tr. ' t 110; 134] 111A- . el ectrjcal i cati
bt wee LB e AN R R dur e rensalsrarig: T e o Sehisl SR imverd’ | O
109.

[79] Second compact dual inverter 109 drives AC switched reluctance motors/generators 112, 113
operating in the motor mode for driving the rear wheels of the hybrid electric vehicle. Second compact
dual inverter 109 may also receive energy from the AC switched reluctance traction motors/generators

112, 113 operating in the generator mode.

[80] Reference numeral 108 A illustrates the bidirectional interconnection between the high voltage
DC bus 105 and first compact dual inverter 108. Reference numeral 109A illustrates the bidirectional

interconnection between the high voltage DC bus 105 and the second compact inverter 109.

[81] Fig. 1B is a schematic illustration 100B of a hybrid electric vehicle illustrating, inter alia, the
condition wherein the capacitor 104 is sufficiently charged and supplying energy to the non self-exciting
switched reluctance generator/motor 102 to start the internal combustion engine. Reference numeral
162M is used to identify the charge flow from the ultracapacitor bank 104 to the DC/AC inverter 103 and
to the non self-excited switched reluctance generator/motor 102 operating in the motor mode. Reference
numeral 163M illustrates a schematic arrow indicating rotational energy applied to the crank shaft of the
internal combustion engine 101 by the switched reluctance generator/motor 102 operating in the motor

mode.

[82] Fig. 1C is a schematic illustration 100C of a hybrid electric vehicle illustrating, inter alia, the
condition wherein the internal combustion engine 101 is supplying power to the non self-excited switched
reluctance generator/motor 102 operating in the generator mode supplying power to the ultracapacitor
bank 104, the DC-DC converter 105, and the 24 volt batteries 107. Reference numeral 163G is a
schematic arrow indicating rotational energy supplied by the crank shaft of the internal combustion
engine 101 to the switched reluctance generator/motor 102 operating in the generator mode. The internal
combustion engine 101 may be a 10.8 liter diesel engine. The switched reluctance generator/motor 102
operating in the generator mode may be a 227 kW machine. Reference numeral 162G illustrates charge
flow from the non self-exciting switched reluctance generator/motor 102 operating in the generator mode
to: the DC/AC inverter 103, the ultracapacitor bank 104, the DC-DC converter 106, the low-voltage
batteries 107, the compact dual inverters 108, 109, and the non self-excited traction motors/gear reducers
110, 111, 112, and 113 for driving wheels of the hybrid vehicle. The non self-excited traction motors/gear
reducers 110, 111, 112, and 113 for driving wheels of the hybrid vehicle may be 65 kW switched
reluctance motors are illustrated schematically in Fig. 1C. See Fig. 1D, a schematic illustration 100D of a

hybrid electric vehicle illustrating, inter alia, the condition wherein the internal combustion engine 101 is
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[ 135] 112A- el ectrical conmunication between conpact dual DC/ AC inverter 109
and traction notor 112; [136]113A- electrical comunication between conpact
dual DO/ AC inverter 109 and traction notor 113; [137]161- charge flow from | ow
vol tage batteries 107 to the DC-DC converter 106 to the ultracapacitor bank

104; [138] 162G charge fl wfromth non self-excitin i t ched.rel uct ance
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bus to the compact dual inverters 108, 109, and to the non self-excited traction generators/motors/gear
reducers 110, 111, 112, and 113 for driving wheels of the hybrid vehicle. The non self-excited traction
generators/motors/gear reducers are affixed to driving wheels of the hybrid vehicle. Gear reduction is

used to convert high-speed, low-torque, power from the traction motors into low-speed, high-torque

power at the wheel ends.

[83] Referring to Fig. 1H, dual compact inverter is illustrated which has a synergistic advantage in
that two inverters are able to share a cold plate, a DC-Link capacitor bank, bus bars, housing, high voltage
connector and wiring and some of the low voltage electronics. This results in saving space and in

increased efficiency.

[84] Referring again to Fig. 1D, reference numeral 163G illustrates the mechanical rotational energy
flowing from the internal combustion engine generating electrical AC power from the non self-exciting
switched reluctance generator/motor 102 whereby it its inverted to DC power by bidirectional power
inverter 103. The DC power is then stored in the ultracapacitor bank 104 and/or it is used by the vehicle.
If the DC power is used by the vehicle, the compact dual inverters 108, 109 invert the DC power to AC
power to operate the non self-exciting AC traction motors/generators 110, 111, 112, 113 and to power the
vehicle. Although not specifically illustrated with a dashed line on Fig. 1D, it is also possible that the DC-
DC converter is being used to convert the higher voltage of the high voltage DC bus to charge the low
voltage DC batteries. It is desired to maintain the high voltage DC bus and the ultacapacitor bank at a
voltage between 500-800 VDC.

[85] Fig. 1E is a schematic illustration 100E of a hybrid electric vehicle illustrating, inter alia, the
condition wherein the regenerative power is being supplied to the ultracapacitor bank 104, DC-DC
converter 106, and the low-voltage batteries 107. Reference numeral 162R indicates dashed lines which
are representative of power flow to the ultracapacitor from the non self-exciting AC traction
motors/generators 110, 111, 112, and 113. More specifically, reference numeral 162R indicates charge
flow from the non self-exciting switched reluctance generator/motors 110, 111, 112, and 113 acting in the

generator mode to the compact dual AC/DC inverters 108, 109, the high voltage DC bus 105, and the
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[ 140] 162R- charge flow fromthe non self-exciting sw tched reluctance
generator/notors 110, II1, 112, and 113 acting in the generator node to the
conpact dual AC/DC inverters 108, 109, the high voltage DC bus, and the

ul tracapacitor bank 104; [141]1636— schemati c arrom1indicating rotational

energy supplied b e cr shaft of the | ter stion engine 10
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representing inputs and outputs to the controller 301 which controls the process of operating the hybrid
electric vehicle. The DC-DC converter is a 4-port device. Two of the lines are connected (full time) in
parallel across the 12/24 volt batteries and the other two lines are connected (full time) across the high
voltage bus. Like an alternator, the DC-DC converter is a current device. In response to commands from
the vehicle control unit it takes current from one of the voltage sources and delivers it to the opposite
voltage source. In this example, there are 8 switches. No more than four switches should ever be turned
on simultaneously (or damage will result). In standby mode all of the switches will be off. The control of
the traction motors is strictly in response to the driver requirements for traction or braking, without regard
to system energy or DC-Link voltage, with the following exceptions: 1) The associated inverters are not
capable of operating below some minimum voltage (e.g. 500V) so the motors will cease operating if this
occurs; 2) The ultracapacitor bank and power inverters will suffer damage if the DC-Link voltage exceeds
900 volts, so delivery of regenerated energy must be halted at some upper voltage limit. The hybrid
controller will control the generator inverter to provide current to the DC-Link bus such that: 1) The DC-
link voltage stays above the minimum inverter operating voltage; 2) The ultracapacitor bank voltage is
kept as high as possible (short of the 900V limit with a safety margin) provided it retains sufficient
storage capability to recapture any kinetic or potential energy currently stored in the vehicle. That is
because a higher DC-link voltage results in lower system currents, and thus lower losses; hence better
system efficiency; 3) The ultracapcitor bank is fully charged prior to engine shutdown so that, even if the

ultracapacitors discharge over time, they will likely retain sufficient energy to restart the engine.

[87] If the vehicle is not running, the internal combustion engine must be started. The controller
queries the energy status of the ultracapacitor bank to determine if there is sufficient energy 205 in the
ultracapacitor bank 104 to start the internal combustion engine. If there is not sufficient energy 205 in the
ultracapacitor bank 104 to start the engine, then proceed to step 210 and transfer energy (charge) to the
ultracapacitor bank 104 to charge it preferably to at least 200V DC. Reference numeral 211 indicates a
line indicating communication of energy to the ultracapacitor bank where the query of whether or not

there is sufficient energy 205 is again made. More specifically, if there is sufficient energy 205 in the
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[ 145] 180A- electrical comrunication with accessory [146] 180- accessory [147]
185- accessory inverters [148] 185A- electrical comunication wth the
accessory inverters [149] 190- resistor bank; [150] 190A- el ectrical

comuni cation |ine between the high voltage DC bus and the resistor bait 190;
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position ngme to determine if it is running 204. If the internal combustion engine is running 204Y then a
calculation is made to determine the recoverable energy in the vehicle 207. If the internal combustion
engine is not running 204N, then the key is once again positioned in the start position to attempt to start

the internal combustion engine 101.

[88] Once the calculation is made to determine the recoverable energy in the vehicle 207, and
communicated 207A to the next step 208, then the controller adds the recoverable energy, Er, to the
energy in the ultracapacitor bank to determine if that sum is less than the maximum permissible amount
of energy in the ultracapacitor bank 208. If the energy comparison of step 208 satisfies the required
inequality, to wit, that the recoverable energy of the vehicle, Er, plus the energy presently stored in the
ultracapacitor bank, Euc, is less than the maximum permissible energy in the ultracapacitor bank, Euc-
max 208Y, then the internal combustion engine 101 is set to the best brake specific fuel consumption and

maximum generator 102 power is commanded 214 by the controller.

[89] If the energy comparison of step 208 does not satisfy the required inequality, to wit, that the
recoverable energy of the vehicle, Er, plus the energy presently stored in the ultracapacitor bank, Euc, is
not less that the maximum permissible energy in the ultracapacitor bank, Euc-max, 208N, then the
internal combustion engine 101 is commanded to idle and the output of the switched reluctance
generator/motor 102 operating in the generator mode is commanded to zero generator current. Then, this
condition is communicated 216Y to the controller 216Y and the hybrid electric vehicle burns off
(consumes/dissipates) energy stored in the ultracapacitor 104. A wait time 217 is initiated for the energy
burn. Ifthe wait time expires 217Y and sufficient energy has not been burned, then the internal
combustion engine is shutdown 218. During the wait time, the controller is periodically checking

(sampling) the data and making the energy comparison step 208.

[90] Referring to Fig. 2A, when the internal combustion engine 101 is set to the best brake specific
fuel consumption and maximum generator 102 power is commanded 214 by the controller, the controller
communicates that condition 215 to the next step 235, and the query: is the brake command present 221 is
made. The brake command is present when the operator of the vehicle is depressing the brake pedal of
the hybrid electric vehicle. If the brake command is present 221Y, then proceed to the next step 227, and
send a negative torque command 227 to the non self-exciting switched reluctance generator/motors 110,

111, 112, and 113 acting in the generator mode via the compact dual AC/DC inverters 108, 109.
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[92] If the DC Link voltage is greater than the DC link minimum voltage 227Y, then proceed to the
next step 223, and read the accelerator command from the electronic controller. Next, the shift selector is
read and the query 225 of: is the speed of the vehicle less than the maximum speed for the selector
position? If the speed of the vehicle is not less than the maximum speed for the selector position 225N,
then proceed to the next step 228 and send zero torque command to the switched reluctance

generators/motors 110, 111, 112, 113 which drive the vehicle wheels.

[93] If the speed of the vehicle is less than the maximum speed for the selector position 225Y, then
proceed to the next step 226, is the hybrid electric vehicle in forward gear 2267 If the vehicle is not in
forward gear 226N, then proceed to the next step 230 and send a negative torque command to the
switched reluctance generators/motors 110, 111, 112, 113 which drive the vehicle wheels proportional to
the accelerator signal and within stability limits to drive the vehicle in the backward (rearward) direction.
If the vehicle is in forward gear 226Y, proceed to the next step 229 and send a positive torque command
to the switched reluctance generators/motors 110, 111, 112, 113 which drive the vehicle wheels
proportional to the accelerator signal and within stability limits to drive the vehicle in the forward

direction.

[94] Fig. 1F is a schematic illustration 100F of a hybrid electric vehicle illustrating, inter alia, the
condition wherein the regenerative power 162R is being supplied to the ultracapacitor bank 104 and the
non self-exciting switched reluctance generator/motor 102 operating in the motor mode. Reference
numeral 162M signifies charge flow from the ultracapacitor bank 104 to the DC-AC power inverter 103
and to the non self-exciting switched reluctance generator/motor 102 operating in the motor mode.
Reference numeral 163M is a schematic arrow indicating rotational energy applied to the crank shaft of
the internal combustion engine 101 by the switched reluctance generator/motor 102 operating in the

motor mode.

[95] Fig. 1F also schematically illustrates a resistor bank 190 switchably 190S interconnected 190A
with the high voltage DC bus 105. Resistor bank 190 is optionally included so as to assist with the

dissipation of energy if too much is present. Additionally, resistor bank 190 assists with the control and
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[164] 208N if the recoverable energy plus the energy of the ultracapacitor
bank is not I ess than or equal to the maxi num perm ssible energy stored in the
ultracapacitor bank, in other words, if the relationship Er +Ec < Eue max is
not satisfied, then proceed to the next step 216, wherein the internal

C DS sl BRidteor g B et ek i | RO na b s S MU R o RRRSY s
Dt e b e e e T e 214
L ser RS B as AT p T s 38 R BB RECH RS Eabii e ana

comrandilsixtedihRigdres wel.om t he non sel f-excited switched rel uctance
generator/notor 102 acting in the generator node; [166] 210- transfer energy

from thgel o MENIAIGHBRAGIiERidA0bO B MhiASRBAEL biRLIe Q¥RSuy {i‘i‘?ra%%écﬂ?r the DC DC
converter 106 Such that the ultracapacitor is charged to 200 V DC, [167] 211-
li ne i rdnlewbireig thedermreliagabatigriesof07 ervasglwithoandnging btenta dasading dhe ibfamkt [ 168] 214-
set  engl,pGudidn EdlenDBS IR PLAKE nSREGI 171 G a[]dé?lledﬁiﬂé'ﬁgﬁpénhﬁ%e&?g?% SReRd 13N

command maxi mum-gener ator power fromthe sw tched reluctance generator/ notor
oper at iveladerpatidies f&nbroaghothe REJRC cgrvedqr 109 gongberhigh iveltret B tup e, theougkste st ep
235, 1 oRkAlEurCP MAAIPRESEIC Ruled 60 fohflr rlrlurL RE 6PV AF ABKG SReEQy Pl us the
energy stored in the ultracapacitor is not less Than the nmaxi num perm ssi bl e
ener gy relacterive gerlerataraenserdio? operating émthe oxteamgde thich meerpigdllycbivesasd sters dagi ne to

i dl e angheGOnRBEL LR 8 DY IR el Gunthl GHGD doRlkt ARGE i IRARI APy kudRLLT
operating In the generator node to zero generator current; [171] 216A-
conmunite drilgermilicaabestignengingd 01 haway ¢fer mevhameshoupbingbigsitirtng éngi ne has been
commanded to idle and that the swi tched reluctance generator/notor operating

i n t he [ggner ati@n HDE &hbBatRriDEuetlidhdb 2 4us cGepRt Al @fer Balidg@N¥nergidticZlivahlage ihas wai t

time expired, nanely, the rel ationshi Er + Buc < Eu X has not peen
sat i sf |8 ¢ F‘é?“efsrf’ég W 1o sharpenld R@@ﬁ@@ﬂﬁ %a?cetmt‘?aﬁéchqa arg, g P?Sé%;ag%ceed to
step 2kBltaRcoskubr hawirihd)end JohR Ntk 160RINIES d1QroBIBQ SRGing makes for compact

efficient packaging.

[98] The only physical I/O at the hybrid controller will be a pair of data links. All control will be
exercised via these links. All sorts of control connections may be shown on data flow and control

diagrams but they all exist only over the data links.

[99] Referring to Fig. 3, an electronic controller 301 as set forth therein controls the operation of the
hybrid electric vehicle. Fig. 3 is an electrical schematic 300 implementing the control strategy of Figs. 2
and 2A. Fig. 3 illustrates the non self-excited switched reluctance generator 102 as a current source. Fig.
3 also illustrates the non self-excited switched reluctance generators 110, 111, 112, 113 as current
sources. Load 320 is illustrated in Fig. 3 and represents the forces required for propulsion of the vehicle
and for lifting the load with the bucket. Input from the hybrid data link 310 and input from the vehicle
data link 311 are shown in Fig. 3.

[100] Various algorithms may be employed in the controller 301. Further, the available energy from
regeneration is continuously monitored and calculated by the controller and, therefore, the amount of
energy output from the non self-excited generator 102 may be reduced. The controller 301 includes output
r; which controls the non self-excited generator 102. The controller 301 includes output r, which controls

the plurality of non self-excited AC traction generators 110, 111, 112, 113. Further, the available energy
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[174] 218- shutdown internal conbustion engine by defucling it; [175] 221- is
the brake command present'? [176] 22 IN if the brake conmand is not present,
then proceed to the next step 222, and determine if the DC Link > DC Link M n;
[177] 221Y- if the brake command is present, then proceed to the next step
227, a send ative torque c non | f-exci swi t ched

ol ot ArebEararar B r bl e bR frdorrorh e gihitar o
node t aofthegcanpdabmaditalon AL -EXCitedyatiaer/mofbd 802 h8%e rfdué& ac2dding ltcSthDéanr.rbnk > DC
Link Mn? [179 2 | f Li nk, val tage i s not .greater than | i nk

o i B CRgn TR Wt St R Fa S BTt R wbli b o S

c ommantutpdtstwiichsiMdytcoh@thotisty} brcdhanpeé bged et tt Snss nﬁh@hﬁnamcmb Ivd:hlcle Fiz, 113 whi ch
drive t.he vehicl ional to. t ch r and within

ot b1 g tes e Eo; B aB5 OB iSRG Bt 18 yRaB0d vt he Do

| i nk  mkieriti Bhev@ Hyageye of te vl @i asei alts@hatsﬁbeteﬂteﬂbneegya@ 2R, of&mdaltelaeoafdembni he
accel erat or con d fromthe.electronic control t he

Socel ot B mi RGP E ek GriE e Ginta COReY B hEbimpigar S5ikin PEROUE shi r1

sel ect @0} reduces the output 1; of the non self-excited switched reluctance generator/motor 102 operating in the

generator mode in anticipation of the recovery of the kinetic and potential energy from the vehicle.

[101] Still referring to Fig. 3, when the vehicle has been sitting for prolonged periods of time or when
the vehicle is new, the battery 107 and the DC-DC converter 106 charge the ultracapacitor 104 to enable
starting of the vehicle using the non self-excited switched reluctance generator/motor 102. The low
voltage batteries used are capable of storing approximately 6 times the energy that the ultracapacitor can
store. Referring to Fig. 4, for instance, reference numeral 409 indicates that approximately 1.2 MJ can be
stored at 800 VDC across a 1200 Farad capacitor. If a 3000 Farad capacitor is used at 800 VDC,
approximately 2.8 MJ can be stored. The two preferred low voltage batteries 107 can store approximately

7 MJ at 24 VDC.

[102]  Fig. 5 is a graph 500 illustrating ultracapacitor usable energy 501 versus the charge time 502
with a charge rate of 5 kW. Reference numeral 504 illustrates the charge time of 1200 Farad capacitor
string. Specifically, 0.2 MJ of usable energy is stored in ultracapacitor 104 in approximately 120 seconds
and this amount of energy is more than sufficient for starting the internal combustion engine when the
internal combustion engine is cold. If the engine is cold, usable energy of 200 kJ is necessary to start the
engine. Reference numeral 503 illustrates the charge time of a 650 Farad capacitor string, reference
numeral 505 illustrates the charge time of a 1500 Farad capacitor string, reference numeral 506 illustrates
the charge time of a 2000 Farad capacitor string, and reference numeral 507 illustrates the charge time of

a 3000 Farad capacitor string.

[103] Fig. 6 is a graph 600 illustrating vehicle speed 601 in km/hr versus kinetic energy 602 in kJ for
a 30,000 kg and a 40,000 kg vehicle. Reference numeral 603 illustrates the plot for the 30,000 kg vehicle,
and reference numeral 604 illustrates the plot for the 40,000 kg vehicle. Reference numeral 605 indicates
that the kinetic energy storage limit is 700 kJ which is a large portion of the total stored energy of the

capacitor as viewed in Fig. 4.
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[ 183] 225- is the speed of the vehicle is | ess than the maxi mrum speed for the
sel ector position? [184] 225N if the speed of the vehicle is not |ess than

t he maxi num speed for the sel ector position, then proceed to the next step 228
and send zero torque conmand to the switched reluctance generators/notors 110,

111, 1 ch dr.i he vehi cle wh 225 if, th ed of the
ver o Tt il et IR i e BB PRIV L ln SEPER T hERi R RS S eod ¢ o

t he neﬁbgeﬁéﬁt}ﬁm%?@nergﬁ Refeenomdihicnds 7103, Tiar ey dldqeafe'ﬁre[sérﬁ§§r10226ft1111€5f01‘: he vehicle
in forward ear’> %187 &2{6% if.the s eg7 f thetve& Ja? 41 thhe f orwar d
posi ri dfﬁgen?r FoteedPq 't erﬁ%r%"eél‘f‘ abifd " Ey? PR BF e d8iand t o
t he svm[bmimgd pbﬁllohl6ftafﬂ@)erl(gﬁﬁelirﬁt703 Slﬁdmhﬂl'e&cdeldﬂates]aild attalﬂS]tRQ sp&&ﬁ)ﬂm keh. dri ve the
vehi cl to the acc

ortion er at r Si stability
s AR Dt M foet e B S b b D e R ' Loy ol
is in fdcdaithggear 12 f/beeet koh Derinetls tsb @) sedd ganidd £, thegypio sdgbinered or que
conmnan 0 the switched, el nce generators/nmotors 110, 111, 2,.113 which
vt Sy bt hbERe i g nARTE Ry T el Rarish ol G B ERNG S i
st abi | iwheels idiivd the han sdifiexdtet! |A(€ tb%eﬁ(brﬁgeﬁerhtﬂrstﬂitﬁorf; oroyar g 1t, bect i3an the [gd@8dtor227-
send n%goadt T% torg ue ? e SW cheg rettu(gflanc enerators/ nmot ors 110,
111, 112°%113° e&ﬂ e %geﬂlﬁré“’{ﬁélﬂ?fﬁsén &81°C *HYOP “E?“B “to the brake command
225Y and within stability limts; [190] 228- send zero torque command to the
swi t chdd0 el Uéaxtmfercese momenalbf0S/ipditates gere sigped for 3 periadpf thraed3 e eids ehllowed bshe

vehi cl Qaﬁi’ﬁ' &&bRration. Reference numeral is a four (4) second period of time 706. A portion of the time 706 is
acceleration in the reverse direction until the vehicle attains 10 km/h. Once the vehicle attains 10 km/h in
a period of one (1) second, it remains at 10 km/h for 3 seconds. Next, there is a two (2) second interval of
time 707 when the vehicle is decelerating from 10 km/h to 0 km/h. During this two (2) second period of
time 707, energy is regenerated 713 as the vehicle is slowed from 10 km/h to zero km/h. Next, there is a
four (4) second period of time 708, two (2) seconds of which is a period of acceleration to 12 km/h. Once
the vehicle attains the speed of 12 km/h it remains at 12 km/h for an additional two (2) seconds.
Reference numeral 709 is a two (2) second interval of time when the vehicle is decelerating from 12 km/h
to zero knv/h. During this two (2) second period of time, energy is regenerated 714 as the vehicle is
slowed from 12.0 km/h to 0.0 km/h.

[106] Once the vehicle comes to rest, it remains at rest for two (2) additional seconds 710.
Subsequently, the vehicle accelerates rapidly in the reverse direction for 0.5 seconds until it attains a
speed of 10 km/h. Reference numeral 710 represents a two (2) second interval of time when the vehicle is
not moving. Reference numeral 711 is a four (4) second interval of time when the vehicle is moving in the
reverse direction at a speed of 10 km/h. Subsequently, once again, in a two (2) second interval of time

712, the vehicle decelerates from 10 km/h to zero km/h and energy is recaptured/regenerated 715.

[107] Fig. 8 is a semi-log graph 800 of ultracapacitor voltage 813 versus discharge time 812 for
different power levels. Reference numeral 801 represents the maximum safe voltage and reference
numeral 802 is the minimum normal operating voltage at which the ultracapacitor may be operated.
Reference numeral 803 illustrates the discharge time from 800 VDC at 1 kW, reference numeral 804
illustrates the discharge time from 800 VDC at 2 kW, reference numeral 805 illustrates the discharge time
from 800 VDC at 4 kW, reference numeral 806 illustrates the discharge time from 800 VDC at 8 kW,
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[ 191] 229- send a positive torque command to the switched rel uctance
generators/notors 110, I11, 112, 113 which drive the vehicle wheels; [192]
230- send a negative torque comand to the switched rel uctance
generators/notors 110, 111, 112, 113 mhich drive the vehicle wheel s

B oD e e A B B B AR A P e 53] 20

[ 194] aﬂﬁmﬁ@mmédkﬂﬁmghﬁﬁﬁhmﬁamanmnmunLﬁvombhmbnmﬂmdaaa1Hmmhm£m86kda&¢ i nput

from vehi c 400- | | trat the tr

vor t mpd iy gn &t TRt ul S it af ket T L EatE Gyt Fadheg SERPBE W &
uItraca@aat&ﬁﬁmMQMEa@euhﬂﬁﬁﬁk éﬁamdmhkna&ﬂﬁﬁESMDWDCﬁﬁBbkﬁt@mﬁ@ﬁeﬁﬂkgy (M) ;
[200] %%%era??lq ill ar‘;rg'tes &aals&largertlmsetf{ QO-O VDC at 260 kW.
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[ 201] 404- 1200 Farad capacitor string; [202] 405- 1500 Farad capacitor
string; [203] 406- 2000 Farad capacitor string; [204] 407- 3000 Farad
capacitor string; [205] 408- 500 volt abscissa nmark; [206] 409- 800 volt

absci ssa mark; [207] 410- 1.3 M ordinate mark; [208] 500- graph illustrating

uItraCﬁ?@ﬁithE#EﬁE&EE%HﬁﬁgﬁAxgrsus the charge tine; [209] 501- usabl e energy

bank:

[109] 100A- schematic illustration of a hybrid electric vehicle illustrating, inter alia, the
condition wherein the capacitor is charged from the 24-volt batteries after a prolonged shut-

down of the hybrid electric vehicle;

[110] 100B- schematic illustration of a hybrid electric vehicle illustrating, inter alia, the
condition wherein the capacitor is sufficiently charged and supplying energy to the non self-

exciting switched reluctance generator/motor to start the internal combustion engine;

[111] 100C- schematic illustration of a hybrid electric vehicle illustrating, inter alia, the
condition wherein the internal combustion engine is supplying power to the non self-exciting
switched reluctance generator/motor operating in the generator mode supplying power to the

ultra capacitor bank, the DC-DC converter and the 24 volt batteries;

[112] 100D- schematic illustration of a hybrid electric vehicle illustrating, inter alia, the
condition wherein the internal combustion engine is supplying power to the non self-exciting
switched reluctance generator/motor operating in the generator mode supplying power to the
ultra capacitor bank, the dual inverters which supply power to the traction motors, and to the

DC-DC converter supplying the low voltage batteries;

[113] 100E- schematic illustration of a hybrid electric vehicle illustrating, inter alia, the
condition wherein the regenerative power is being supplied to the ultracapacitor bank, DC-DC

converter, and the low-voltage batteries;

[114] 100F- schematic illustration of a hybrid electric vehicle illustrating, inter alia, the
condition wherein the regenerative power is being supplied to the ultracapacitor bank and the

non self-exciting switched reluctance generator/motor operating in the motor mode;

[115] 100G- schematic illustration of a hybrid electric vehicle without an ultracapacitor bank wherein
the low voltage batteries are used with an engine starter for starting the internal combustion

engine;

[116] 100H- schematic illustration of a dual compact inverter having a synergistic advantage in that
two inverters are able to share a cold plate, a DC-Link capacitor bank, bus bars, a housing, a

high voltage connector and wiring, and some of the low voltage electronics;

[117] 101- internal combustion enging;
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[ 210] 502- charge tine at 5 KW [211] 503- 650 Farad capacitor string; [212]
504- 1200 Farad capacitor string; [213] 505- 1500 Farad capacitor string;

[ 214] 506- 2000 Farad capacitor string; [215] 507- 3000 Farad capacitor
string; [216] 600- graph iIIustrating vehi cl e speed versus kinetic energy for

gogo Olo[ggﬁ al@gé—? edé}:%flcr%? mca‘rlloncbe%vee[l %\%ﬂ(}hﬁ? re}ucta\r/l(?ehgie%érgtor gt%%i 1d2 ang [[H h, [218]

internal combustion engine 101;
[119] 102- non self-exciting switched reluctance generator/motor;
[120] 103- inverter AC to DC in the generator mode and DC to AC in the motor mode;

[121] 103 A-electrical communication between non self-exciting generator/motor and the AC/DC

inverter;
[122] 104- ultracapacitor bank;
[123] 104 A- electrical communication between ultracapacitor bank 104 and high voltage DC bus;
[124] 105- a high voltage DC bus;

[125] 106- 5 kW DC-DC converter interposed between vehicle low-voltage batteries and high
voltage DC bus;

[126] 106A- clectrical communication between vehicle low-voltage batteries and DC-DC

converter;
[127] 107- vehicle low-voltage batteries, preferably 24 volt batteries;

[128] 108- compact dual DC/AC inverter driving two AC motors/gear reducers 110, 111 for driving
the front wheels of the hybrid vehicle;

[129] 109- compact dual DC/AC inverter driving two AC motors/gear reducers 112, 113 for driving
the rear wheels of the hybrid vehicle;

[130] 108A- electrical communication between high voltage DC bus 105 and compact dual inverter

108;

[131] 109A- electrical communication between high voltage DC bus 105 and compact dual inverter

109;

[132] 110, 111, 112, 113- non self-exciting switched reluctance generator/motor/gear reducers for

driving wheels of the hybrid vehicle;

[133] 110A- electrical communication between compact dual DC/AC inverter 108 and traction motor

110;
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[219] 603- 30,000 kg vehicle without a |oad; [220] 604- 40,000 kg vehicle

I ncl udi ng the | oad; [221] 605- energy storage limt, 800V DC;, [222] 700- graph
illustrating vehicle speed, tinme and conditions for regeneration of energy;
[223] 701- tinme; [224] 702- vehicle speed kmh; [225] 703-4 second interval

of ti ere the hi cl e accel.erates and attaj kmh: [2 704- 2 second
Ot er vt e C AR L R L B0t i RS AR D i el B g Dot
[ 227] 705-2 slee¢ond interval of tine;

[135] 112A- electrical communication between compact dual DC/AC inverter 109 and traction motor

112;

[136] 113A- electrical communication between compact dual DC/AC inverter 109 and traction motor

113;

[137] 161- charge flow from low voltage batteries 107 to the DC-DC converter 106 to the
ultracapacitor bank 104;

[138] 162G- charge flow from the non self-exciting switched reluctance generator/motor operating in
the generator mode to: the DC/AC inverter 103, the ultracapacitor bank 104, the DC-DC
converter 106, the low-voltage batteries 107, the compact dual inverters 108, 109, and the AC
traction motors/gear reducers 110, 111, 112, and 113 for driving the wheels of the hybrid

vehicle;

[139] 162M- charge flow from the ultracapacitor bank 104 to the DC/AC inverter 103 and to the non

self-exciting switched reluctance generator/ motor 102 operating in the motor mode;

[140] 162R- charge flow from the non self-exciting switched reluctance generator/motors 110, 111,
112, and 113 acting in the generator mode to the compact dual AC/DC inverters 108, 109, the
high voltage DC bus, and the ultracapacitor bank 104;

[141] 163G- schematic arrow indicating rotational energy supplied by the crank shaft of the internal
combustion engine 101 to the switched reluctance generator/motor operating in the generator

mode;

[142] 163M- schematic arrow indicating rotational energy applied to the crank shaft of the internal
combustion engine 101 by the switched reluctance generator/motor operating in the motor

mode;

[143] 171- dashed line representing energy flow low voltage batteries through the DC-DC
converter along the high voltage DC bus, through the power inverter which inverts DC power
to AC power for driving the non self-excited switched reluctance generator/motor operating in

the motor mode which mechanically drives and starts the internal combustion engine;
[144] 173-schematic arrow indicating energy supplied to the internal combustion engine 101;
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[228] 706-4 second interval of tinme when the vehicle is accelerating in the
reverse direction; [229] 707-2 second interval of time when the vehicle is
decelerating from-10 knilh to zero kmlll; [230] 708-4 second interval of tine
where the vehicle accelerates and attains 12 kni h; [231] 709- 2 second

interv i f tf@g %h§n Lhe vehigle 1.s decelerating from12 lunlh to zero lunlh;
[ 232] 1o S 8L R VI ISP Wi AF9%8Y 711-4 second interval of time when
the vehicle is accelerating in the reverse direcrion; [234] 712-2 second

i nt ervdl4@f tli8Aeacodsemyt he vehicle is decelerating from-10 loulh to zero

I rinlh; [235] 713, 714, 715, 716- shaded area representing regeneration of
ener gy;[147436]1880Rcessayinvbi@gs gr aph of ul tracapacitor voltage versus tine for

di fferent power |evels; [237] 801- m ni mum norrmal operating voltage;
[148] 185A- electrical communication with the accessory inverters

[149] 190- resistor bank;

[150] 190A- electrical communication line between the high voltage DC bus and the resistor bank
190;

[151] 190A- switch interposed in the electrical communication line 190A;

[152] 200, 200A— schematic of the control strategy of the hybrid electric vehicle;
[153] 203- is key in “start” position?;

[154] 203Y- key is in “start” position;

[155] 204- is the internal engine running?

[156] 204N- engine is not running;

[157] 204Y - engine is running;

[158] 205- is there sufficient energy in the ultracapacitor bank to start the engine?

[159] 205N- if there is not sufficient energy in the ultracapacitor bank to start the engine, then
proceed to step 210 and transfer energy (charge) to the ultracapacitor to charge it

preferably to at least 200V DC;

[160] 205Y - if there is sufficient energy in the ultracapacitor bank to start the engine, then proceed to
step 203 and position the key in the start position;

[161] 207-calculate recoverable energy available, Er, based on the velocity of the machine and the

operational state of the machine;

[162] 207A- communication of the calculated amount of recoverable energy to the next step 208;

29



[ 238] 802- maxi mum safe voltage; [239] 803- 1 kW [240] 804- 2 kW [241]

4 kKW [242]

806- 8 kW [243] 807- 16 kW [244] 808- 33 kW [245] 808- 65

[246] 809- 130 kW

[163]

[164]

[165]

[166]

[167]

[168]

[169]

[170]

[171]

[172]

[173]

208- is the recoverable energy plus the energy of the ultracapacitor bank less than or equal to

the maximum permissible energy stored in the ultracapacitor bank Er +Ec < Euc max?

208N- if the recoverable energy plus the energy of the ultracapacitor bank is not less than or
equal to the maximum permissible energy stored in the ultracapacitor bank, in other words, if
the relationship Er +Ec¢ < Euc max is not satisfied, then proceed to the next step 216, wherein

the internal combustion engine is set to idle;

208Y- if the recoverable energy plus the energy of the ultracapacitor bank is less than or

equal to the maximum permissible energy stored in the ultracapacitor bank, in other words the
relationship Er +Ec¢ < Euc max is satisfied, then proceed to the next step 214 and set the engine
speed to the best brake specific fuel consumption and command maximum power from the non

self-excited switched reluctance generator/motor 102 acting in the generator mode;

210- transfer energy from the low voltage batteries to the ultracapacitor over time using the DC-

DC converter 106 such that the ultracapacitor is charged to 200 V DC;
211- line indicating communication of energy to the ultracapacitor bank;

214- set engine to the best brake specific fuel consumption (BSFC) speed and command
maximum generator power from the switched reluctance generator/ motor operating in the

generator mode;
215- communication line to next step 235, is brake command present?

216- if the recoverable energy plus the energy stored in the ultracapacitor is not less than the
maximum permissible energy in the ultracapacitor, then command the internal combustion
engine to idle and command the output of the switched reluctance generator / motor operating in

the generator mode to zero generator current;

216A- communication line signaling that the internal combustion engine has been
commanded to idle and that the switched reluctance generator/motor operating in the

generator mode is producing zero generator current;

217- has wait time expired, namely, the relationship Er + Euc < Euc max has not been

satisfied after the wait time?

217Y- wait time has expired, proceed to step 218 and shut down the internal combustion

engine;
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[247] 810- 130 kW [248] 811- 260 kW [249] 812- tine in mnutes; [250] 813-
vol tage, DC; [251] control of hybrid vehicle; Those skilled in the art
will recognize that the invention has been set forth by way of exanple only
and that changes may be made to the invention w thout departing fromthe

spirit S e of, the appended.cl ai s AIMS: 1. A series-electric hybrid
vehicIé?ﬂgon§ﬁ$§*ﬂg9wnHmmg&c%%%gwngﬁg?gB&gé%%ﬂg enerator/motor for providing

power to said vehicle for propul sion and operation thereof;
[175] 221- is the brake command present?

[176] 221N- if the brake command is not present, then proceed to the next step 222, and
determine if the DC Link > DC Link Min;

[177] 221Y- if the brake command is present, then proceed to the next step 227, and send a
negative torque command to the non self-exciting switched reluctance generator/motors
110, 111, 112, and 113 acting in the generator mode to the compact dual AC/DC
inverters 108, 109;

[178]  222-is DC Link > DC Link Min?

[179] 222N- if DC Link voltage is not greater than the DC link minimum voltage, then proceed to the
next step 228 and send zero torque command to the switched reluctance generators/motors 110,
111, 112, 113 which drive the vehicle wheels proportional to the accelerator signal and within

stability limits;

[180] 222Y- if the DC Link voltage is greater than the DC link minimum voltage, then proceed to the

next step 223, and the read the accelerator command from the electronic controller;
[181] 223- read the accelerator command from the electronic controller;
[182] 224- read the shift selector;
[183] 225- is the speed of the vehicle is less than the maximum speed for the selector position?

[184] 225N- if the speed of the vehicle is not less than the maximum speed for the selector
position, then proceed to the next step 228 and send zero torque command to the

switched reluctance generators/motors 110, 111, 112, 113 which drive the vehicle wheels;

[185] 225Y- if the speed of the vehicle is less than the maximum speed for the selector

position, proceed to the next step 226, is the machine in forward gear?
[186] 226- is the vehicle in forward gear?

[187] 226N- if the speed of the vehicle is not in the forward position, then proceed to the next step

and send a negative torque command to the switched reluctance generators/motors 110, 111,
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a high voltage DC bus; a plurality of wheels which propel said vehicle; one or
nore non self-excited AC traction notors/generators; one O nore
conpact dual inverters convey power b -directionally between said high voltage
DC bus and said one or nore non self-excited AC traction nntors/generators

whi ch are aff] pectj vel nore o ura of wheel s;
oai 0 conpact deei drivanns b Suter SeBiruRtionaar 4o pek et Pant BibRc 11 act ; on
not or s/ gener atabilsgy bnis todrifd Gevadtld @ bagieraat @rettiona gener at or nmode or in a notor
node; said non self-excited AC traction niotors/generaton are

confi g L['i ?&ﬁl i QZ@? n@ 'tli%@%lhﬂ@ 15\% Mi'w%' ggar\r’:@&eelzé to tf?e Mcpéféepdﬁ9 Qﬁ(‘? &‘ﬂh ﬁle%@m%qorque

regenerative braking; an internal ustion engin said I nterna
conbustion e r?gtnﬁ@n‘d:t@u]m edtches! relaptanc gpnosasdrs/mesoes Uédl 1@ ehiér Hitorhichotriye theor

provi di ng powgpicfeQr3al Hroi{(%brﬁl“%tlfléJa[cc&éerBPi@ﬂaP&d%@urPs‘?a%‘il% lifaRs &)hﬁ(/?@lfa sai d non

sel f-exciting generator/notor coupled to an Inverter, said I nverter
suppl i es poweiehipiedn the drveydalitegfiono and from sai d hi gh vol tage DC bus, said
inverter supplies power to said high voltage DC bus when said non sel f-excit ed
gener at[og9] NDt0r- RPEHELBS thrjuSd@inthge AehalwitchfP@RctafRGendabd/niotrer toer1isuppl i es

over 0 sal 4 pofl Sell ekl edigeneratoniantor, when, 22l d non,sell; xght e

stability limits;

[190] 228- send zero torque command to the switched reluctance generators/motors 110, 111, 112,

113 which drive the vehicle wheels;

[191] 229- send a positive torque command to the switched reluctance generators/motors 110,

111, 112, 113 which drive the vehicle wheels;

[192] 230- send a negative torque command to the switched reluctance generators/motors 110,
111, 112, 113 which drive the vehicle wheels proportional to the accelerator signal and within

stability limits;
[193] 300- electrical schematic implementing the control strategy of Figs. 2 and 2A;
[194] 301-controller
[195] 310- input from hybrid data link
[196] 311- input from vehicle data link
[197] 400- graph illustrating the ultracapacitor voltage versus the ultracapacitor total stored energy;
[198] 401- ultracapacitor voltage;
[199] 402- ultracapacitor total stored energy (MJ);
[200] 403- 650 Farad capacitor string;
[201] 404- 1200 Farad capacitor string;

[202] 405- 1500 Farad capacitor string;

32



an ultracapacitor bank, said ultracapacitor bank electrically coupled to said

hi gh vol tage DC bus; said ultracapacitor bank stores regenerative
energy fromsaid non self-excited AC traction notors when operating in said
not or node; and, said ultracapacitor bank stores supplies energy to

said i ter co d to said non self-excited generator/notor operating in
sai d rrggg] rm@é#@b%%rf’éﬁp?ﬂ T¥HP4 i nternal conbustion engine; a conventional

| ow voltage systemwith at |east one 12 or 24 volt DC battery; a

bi di r ed209nal40DGOOCF eradheaprdtiter sttieg;convey power between said 12 or 24 volt DC
battery and said ul tracapacitor bank for purposes of pre-charging said

ul tracgpessi t angbsok ok abssks@rhargal d i nternal conbustion engine and to maintain
the state of charge of said 12 or 24 volt battery after said internal

corrbust'b%g engbnNe ol Sis b da8ik: 2. A series-electric hybrid vehicle as
cl ai rrea[ inclaim f %turt er conpri sing: a resistor bank, said resistor

bank di ssi pates excess regenerative energy fromsaid non self-excited AC
tracti dA0deneh 8t bs YW wstinpismgher ating i n said generator node. 3. A
series-electric hybrid vehicle as clained in claim1l in which said non

sel f - eXei¥]ed Yengu@tibustmiigartropecadrivsgld aeggiversusobarhargodaej s used to di ssipate
excess kinetic energy fromsaid vehicle by back driving said internal
conbusth@y enghng.mbidcfydpgEati ng an engi ne conpression brake. 4. A hybrid

el ectric vehicle, conmprising: a high voltage DC bus;

[210] 502- charge time at 5 KW;

[211] 503- 650 Farad capacitor string;
[212] 504- 1200 Farad capacitor string;
[213] 505- 1500 Farad capacitor string;
[214] 506- 2000 Farad capacitor string;
[215] 507- 3000 Farad capacitor string;

[216] 600- graph illustrating vehicle speed versus kinetic energy for a 30,000 kg and a 40,000
kg vehicle;

[217] 601- vehicle speed in km/h;

[218] 602- kinetic energy in kJ;

[219] 603- 30,000 kg vehicle without a load;

[220] 604- 40,000 kg vehicle including the load;

[221] 605- energy storage limit, 800V DC;

[222] 700- graph illustrating vehicle speed, time and conditions for regeneration of energy;
[223] 701- time;

[224] 702- vehicle speed km/h;
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an internal conbustion engine; said internal conmbustion engine driving a
non sel f-excited generator/notor supplying energy to said high voltage DC bus;
a rear axle conpact bidirectional dual DC-AC inverter driving two AC

not or s/ gener at or s/ gear reducers for noving said vehicle and for recapturing
ener gy m regeper ati.ve kln fro t ax 0 bi di rectiona

dual D(EE%% i n@g ?%CPOI’cﬁlrl?t\/]iVﬁ %Al&reﬁlbetvﬁplgké‘g‘r? aé?soapgf%élgfﬁaﬁ(%cers for nmovi ng
said vehicle and for recapturlng energy fromregenerative braking; at |east
one 12-[Hilt 0l042%scg@idiintpxealyd time hen tha vehli¢lp selagrdsiting fromsigi kan/lyfat zeepckapbici t or
electrically coupled to said high voltage DC bus; a bidirectional DC DC
conver t[er7]i nt@sposeshdagtmweisTtigr] d 12 or 24-volt battery and said high voltage
DC bus, said DC-DC converter transfers energy between said 12 or 24-volt DC

bat t er C?@Jd 57%% d4 gy(:(gtﬁl 11\{tgllvglla(9%m@§/hgl=llﬁla@ clg %I gcelﬂz thn%?r?t?@?ekzg ?er direction; said non

self-e i ng generator notor cou 0 sai or starting’said
i nternal conbustion eng sai d uItracapaC|tor supplylgﬁbenergy to
sai d i ivElt er’Odobiisrey 1?t6W§1é1f&n’§é‘fli’é1P‘a\‘Fthl?16fS degelgrttinggonai gk mrtieraakmEbnbust i on

engine. 5. A hybrid electric vehicle as clainmed in claim4, further
conpri 923y: &70B-ebicstmalrintbaalkof tis ohere the vehicle accelerates and attains 12 km/h;

[231] 709- 2 second interval of time when the vehicle is decelerating from 12 km/h to zero km/h;
[232] 710- 2 second interval of time;

[233] 711- 4 second interval of time when the vehicle is accelerating in the reverse direction;
[234] 712- 2 second interval of time when the vehicle is decelerating from -10 km/h to zero km/h;
[235] 713, 714, 715, 716- shaded area representing regeneration of energy;

[236] 800- semi-log graph of ultracapacitor voltage versus time for different power levels;

[237] 801- minimum normal operating voltage;

[238] 802- maximum safe voltage;

[239] 803- 1 kW;

[240] 804- 2 kW;

[241] 805- 4 kW;

[242] 806- 8 kW;

[243] 807- 16 kW;

[244] 808- 33 kW;

[245] 808- 65 kW;

[246] 809- 130 kW;
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sai d conpact dual bidirectional DC-AC inverters include rectification neans
for regenerating energy and storing said energy in said at | east one battery
and/or said ultracapacitor. 6. A hybrid electric vehicle, conprising: a high
vol tage DC bus; an internal conbustion engine; said internal combustion
engi ne hanj I oupled to a non self-excited switched rel uctance
nn?or/égﬁﬁra¥%§?h0ivg psaid non sel f-excited switched rel uctance

not or/ generat or operates as a generator supplying electrical power in a

gener atlé#8lnodd]- 2600 kW;  said non sel f-excited swtched rel uctance

not or/ generator operates as a notor receiving electrical power in a notor

mode; [249] g2l @Whhd@mis@bsd - excited switched rel uctance generator/notor coupled
to an inverter, said inverter bidirectionally conveys power between said high
vol t ag bus ;: apgd. non sel f-excited switched rel uctance generator/notor;
a firsﬁzgﬁgn#ﬁzggﬁ?é%Pgbn not or/ generator for driving a first front wheel,
said first front traction notor/generator being a non self-excited swtched
rel uct dhcld nseBF9lgemdridiehicle:said first front tracti on notor/generator provides
propul si on and/ or regenerative braking; a second front AC traction
notor for driving a second front wheel, said second front traction

not or/ generat or being a non self-excited switched reluctance notor/generator,
sai d second ,QNiifcl #tht AOWIRLQIhSEHE! B AlelbRUisdRE RI KR LS LAN o ARFhHAIE
regenerative braking; a first rear AC traction notor/generator for

dri vi ngnly anfl thet cheages mahi be madastgithe inypation wighout gegartipp iomdespirigariecencof thsei ng a
non sel 646 ligfhssW tched reluctance notor/generator, said first rear traction
not or/ generator provi des propul sion and/or regenerative braking;

35



a second rear AC fraction notor/generator for driving a second rear wheel,
sai d second rear traction notor/generator being a non self-excited swtched
rel uctance notor/generator, said second rear traction notor/generator provides
propul sion and/or regenerative braking; a first conpact dual inverter and a
second(ﬁggﬁgﬁt dual inverter; said first conpact dual inverter in electrical
comruni r wth said high voltage DC bus; said first conpact dual
inverter converts DC power from said high voltage DC bus into AC power for
driving sai d. Piseges-clactisthyln@l vohigtet ¢amprivggor / generator and said first front

wheel ; said first conpact dual inverter converts DC power from said

hi gh vol t age: dd&skipsxcitéd @nd&iopRORE for @ovilliig\oRer 16 3hid varaORd plop@libn A4 t raction
nntor/genenatgr nd said second front wheel; said second conpact dual inverter
in eIedF@?E%Vigﬁﬁﬁunication with said high voltage DC bus; sai d second
conpact dual inverter converts DC power from said high voltage DC bus into AC
power for drahghngltegldC busst rear AC traction notor/generator and said first
rear wheel ; sai d second conpact dual inverter converts DC power from

said hi gh valjiagey OGRS wHihDréfel RRWRRicfeor driving said second rear AC
traction notor/generator and said second rear wheel; an ultracapacitor bank,

said ultracapaci t.or. bank: shectdd cally counled, b said high voltage DC bus,
sai d uItracapaC|?or ank Stores regenera 1 Sre energy fromsaid first conpact

dual inverter supplied by said first and second front AC traction
not or s/ generddt OF Boigseppact gl inrergrsrcogen dpaen hrdirpabigeally between said high voltage DC

bus and said one or more non self-excited AC traction motors/generators which are affixed, respectively,

to one or more of said plurality of wheels;

said compact dual inverters associated with said non self-excited AC traction motors/generators

are configured to operate in a generator mode or in a motor mode;

said non self-excited AC traction motors/generators are configured in combination with said

wheels to provide propulsion and regenerative braking;
an internal combustion engine;

said internal combustion engine coupled to said non self-excited generator/motor for providing

power to said vehicle for propulsion and operation thereof;
said non self-exciting generator/motor coupled to an inverter,

said inverter supplies power bidirectionally to and from said high voltage DC bus, said inverter
supplies power to said high voltage DC bus when said non self-excited generator/motor operates in said
generator mode, and, said inverter supplies power to said non self-excited generator/motor when said non

self-excited generator/motor operates in said motor mode;
an ultracapacitor bank, said ultracapacitor bank electrically coupled to said high voltage DC bus;

said ultracapacitor bank stores regenerative energy from said non self-excited AC traction motors

when operating in said motor mode; and,
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said ultracapacitor bank stores regenerative energy fromsaid second conpact
dual inverter supplied by said lust and second rear AC traction

not or s/ generators operating in a regenerative node; said ultracapacitor
bank stores energy fromsaid inverter coupled to said non self-excited

swi tched rel uct ance generator/ not or when said. non sel f-excited i t ched
Yol ot ance. GRisRREEPrREBER TR Thar: TREY: & Al BeRplt B SRR MREPY i

ul t r ac apeaaitbomnotbaspirasibginl shid Snodsrenagy fdrGtagtii daill vetidl esmiaotigl @dint,0 sai d non

sel f-excited switched reluctance generator/notor when said non self-excited

swi t ched 1 el uchAna6 IRRELALRIL AR Bt bl RPSHALIPS mﬁ@bgteggt or node to start
said internal conbustion engihe; a conventional |ow voltage systemw th at

| east one 12 qr. 24 volt battery,; a hidirectional DC- converter, DC-DC
converter stipdrestigm! 9%11%@@0 VSR OgOR B RO VEr MfEn %ﬁﬁ%??c%‘}é@@ JREFY Bt Wkn sai d
12 or Zéra@labithrabilefoypiapdesdipet-dhatgiGaidattataaciba bink!t® sttt Sri¢ hadhgecs@ustion

ul tracapacitor bank.to start said_in nal copbustion epgi ne: and, . said
bi di r ecPFBRAI DB ﬁ&é?@i?hagaeéﬁéaliﬁ?fﬂ%aﬂt g%@%%fteg%ﬁl lﬁwhcwﬂauf%e DC bus
down t engmt Risakted.t he state of charge of said 12 or 24 volt battery after said
i nternal conbustion engine is started. 7. A hybrid electric vehicle as
claimed in o a8 dhlhl6kg GRATRLL Sl in claim 1, PSRN Oh ANk, said resistor
bank consumes excess regenerative energy From’sar d non Serf-excited AC
traction generators/notors operating in said generator nopde. . 8. A
hybrid el ectaFEstrdrple pd sistor bankdisiPaesa sgsmicgenertihenereySamysaitgton seferiéedt or
oper at i AQtrhddios aéRraitRd/RbtofRPErali iHSAH gdrRraflr 3RPAt € excess kinetic energy from
t he vehicle by back driving the engine while operating an engi ne conpressi on
br ake.

3. A series-electric hybrid vehicle as claimed in claim 1 in which said non self-excited
generator/motor operating in said motor mode is used to dissipate excess kinetic energy from said vehicle

by back driving said internal combustion engine while operating an engine compression brake.
4. A hybrid electric vehicle, comprising:
a high voltage DC bus;
an internal combustion engine;

said internal combustion engine driving a non self-excited generator/motor supplying energy to

said high voltage DC bus;

a rear axle compact bidirectional dual DC-AC inverter driving two AC motors/generators/gear

reducers for moving said vehicle and for recapturing energy from regenerative braking;

a front axle compact bidirectional dual DC-AC inverter driving two AC motors/generators/gear

reducers for moving said vehicle and for recapturing energy from regenerative braking;
at least one 12-volt or 24-volt DC battery;
an ultracapacitor, said ultracapacitor electrically coupled to said high voltage DC bus;

a bidirectional DC-DC converter interposed between said 12 or 24-volt battery and said high
voltage DC bus, said DC-DC converter transfers energy between said 12 or 24-volt DC battery and said
high voltage DC bus and said ultracapacitor;
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9. A series-electric hybrid vehicle as clainmed in claiml wherein said non

sel f-exciting generator/notor is a switched reluctance machi ne. 10. A
series-electric hybrid vehicle as claimed in claim 1l wherein said non
self-exciting generator/notor is the primary source of electrical energy for
the vehicle. . 11. A hybrid electric vehicle.as clainmed in claim®6,
wherei n sai PSR EHEC TS %?B‘f‘étﬂﬁ}én?%%rn""g%l?‘} t-"é's‘(@ie{‘%lﬁegfob%?{&%%a PRB¥Ebr is the

pri mar ywosbustioeeifineel ectri cal energy for the vehicle. 12. A hybrid

el ectric system conprising: an internal conbustion engine; a non

sel T-exciti pgy Oy GRAGHRAIB! O&‘B%g%ez@;)tg B8 SRk Loptied L %e!g%%a%‘?lfb%éﬁﬁ / mot or

operates in erther a genera a notor de; a vol t age bus; an
ul t r acapidditeronl comhistioserigtheul t r acapaci t or bank connected full time across said
hi gh vol t age DC bus; an AC-DC inverter for converting the AC power from

sai d non sekfa axgidddagicAchigie aeslamed (nadiar, iehbGoppmesg: f or supply to said high
vol tage DC bus and said ul tracapacitor bank;

a resistor bank; and,

said compact dual bidirectional DC-AC inverters include rectification means for regenerating

energy and storing said energy in said at least one battery and/or said ultracapacitor.
6. A hybrid electric vehicle, comprising:
a high voltage DC bus;
an internal combustion engine;

said internal combustion engine mechanically coupled to a non self-excited switched reluctance

motor/generator;

said non self-excited switched reluctance motor/generator operates as a generator supplying

electrical power in a generator mode;

said non self-excited switched reluctance motor/generator operates as a motor receiving electrical

power in a motor mode;

said non self-excited switched reluctance generator/motor coupled to an inverter, said inverter bi-
directionally conveys power between said high voltage DC bus and said non self-excited switched

reluctance generator/motor;

a first front AC traction motor/generator for driving a first front wheel, said first front traction
motor/generator being a non self-excited switched reluctance motor/generator, said first front traction

motor/generator provides propulsion and/or regenerative braking;

a second front AC traction motor for driving a second front wheel, said second front traction
motor/generator being a non self-excited switched reluctance motor/generator, said second front traction

motor/generator provides propulsion and/or regenerative braking;
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a |l ow voltage DC battery; means for charging said ultracapacitor bank
fromsaid conventional | owvoltage vehicle DC battery to provide initial
excitation energy to said non self-exciting generator /notor operating in said
notor node to start said internal comnbustion engi ne. 13. A hybrid
electric syst a sai d aca acitor bank is
har ged w 1 f GUHFH QCCHETBHEPa)e I LA Mot oreage-bitd B0 TeH Phar - oai d
non sel Iﬁot&r)(géhéradr Ig@izer mh 081 f-éxtht OywitAdl rblacthhs;e dthm/gsmﬁormﬁmﬂirsﬁmﬁmcttoa start
said int rna i ne thus rep t he conventional | ow voltage
raéq\‘%y

engi ne 8% %{?gte@?ra“’r Rk pg%up%“ﬁ%?r tatoaprahy stem as clained in claim 12

wherein said neans used to charge said ul 'g racapacitor is a bi-directional
DC- DC conv erase¢ongindar A Crivgictianangier/ seheratar fat drivamg aiseangecap fvhecd sdid|sesand st age

bat t er %raE@dfﬁn&{)ﬂ/gEhé}%{ Blhd nRAL QxcfitQJ sv@tcﬁ&f‘r‘éﬁ&%ﬁc@ 'ﬁ?o'tor fgu f réf&lj LABRcAHLEE nat or .

15. A hybrid electric systemas claimed in claim1 ther conprising: dual
conpac ttracspapetery generatopprayidgsiprgpulsfon\ghd el regenerative bf%klfm urality of non
self-excited traction generators/notors each interconnected with a respective

one of said girkticampdcy d@fl indbreebisd a Sadrd cdtpict e@MPRGterwel ters arc connected
across said ultracapacitor bank; said dual conpact inverters are bidirectional

DG AC i nver & gfyiny Afloget dua mvir@& R COMRA L NG % BRAL B Rer 0 to and

from said ul¥ racapac a rom sa non “traction
generat ors/ not or s . Ahbrld electrlcs stemas clained in claim 12,
wher ei n sai daid¥st seppacedual %ﬁt%@%?f&% PR Eom; saidisbvaltasg Qlnbus dite AfdtodET node

t o backoddivwi saidifikt iBheL @ ahetioR HS LERMIG AL H& ACh@bwA&SE0C at ed engi ne brake
in order to dissipate excessive regenerative braking energy.

said first compact dual inverter converts DC power from said high voltage DC bus into AC power

for driving said second front AC traction motor/generator and said second front wheel;
said second compact dual inverter in electrical communication with said high voltage DC bus;

said second compact dual inverter converts DC power from said high voltage DC bus into AC

power for driving said first rear AC traction motor/generator and said first rear wheel;

said second compact dual inverter converts DC power from said high voltage DC bus into AC

power for driving said second rear AC traction motor/generator and said second rear wheel;
an ultracapacitor bank, said ultracapacitor bank electrically coupled to said high voltage DC bus;

said ultracapacitor bank stores regenerative energy from said first compact dual inverter supplied

by said first and second front AC traction motors/generators operating in a regenerative mode;

said ultracapacitor bank stores regenerative energy from said second compact dual inverter

supplied by said first and second rear AC traction motors/generators operating in a regenerative mode;

said ultracapacitor bank stores energy from said inverter coupled to said non self-excited
switched reluctance generator/motor when said non self-excited switched reluctance generator/motor is

operating in said generator mode;
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17. A hybrid electric systemas clainmed in claim 12 wherein said non

sel f-excited generator/notor is a switched reluctance machi ne. 18. A
hybrid el ectric systemas clainmed in claim12 wherein said ultracapacitor bank
is driven to a predeterm ned naxinum state of charge prior to engine shutdown

in order to proyide for pid en ne start t n rel n

b - char gf g CHREGHY B GRRREST Sigtey oF tayi B B PR e Fiehed w8885 i ng
condi t irela&ance generatorh$htorAviey bid fonedeF@kdiicd sxﬁifcﬂa&@fﬂu@&n@a g@héredr/indtotis apautiid wher ei n
sai d neans,for chargi sai.d ultr acitor bank from said conventional |ow
vol t age” 6%%1“8{0&“’6%‘gé{g‘ﬁé?@“tt%md%@?‘ﬁ NAE al excitation energy to said non
sel f-exciting generator/notor operating in said notor node to start said

i nt ernal corArgsYantenablegivieliage system with @t legst ¢ngdejor2ey@dideaftérg; syst em as cl ai med in
claimin claim15 in which one or nore of said dual conpact inverters

di scharge sarBdiRoesEYDCDGaIndertéh, ID@DARBSA IO stdpaBdid Vdlage $feidbhifely BPsndof sai d
W t hout notion either by operating

non self-excited tractio t or s/ not or,

at  suf fFRYEHPIYPT PW%&G@H% S ‘taaera%(s WiIhYErIapretrr Bk BPar dirsigidai d non
sel f - exgtrdc@shcitdrdeil 10Btaf 8418 trddrd] SéMisGFSenink;in@PPOSi Ng torques to enabl e safe
operation of said system 21. A hybrid electric system conprising: a

non Sel { - exal el ANRLASCTR Ol 381, B0 S AL AL AL ARLATRL or 1

operabl e hi a generato a high voltage
DC bus;mantaigthersttcaqi@bargoet shidtl@ ocdhvdidatdy witdrlyaid mtdnzh icghbustibrt angime BGtdniad ;

7. A hybrid electric vehicle as claimed in claim 6, further comprising:

a resistor bank, said resistor bank consumes excess regenerative energy from said non self-excited

AC traction generators/motors operating in said generator mode.

8. A hybrid electric vehicle as claimed in claim 6 in which said motor/generator operating in said
motor mode is used to dissipate excess kinetic energy from the vehicle by back driving the engine while

operating an engine compression brake.

9. A series-electric hybrid vehicle as claimed in claim 1 wherein said non self-exciting

generator/motor is a switched reluctance machine.

10. A series-electric hybrid vehicle as claimed in claim 1 wherein said non self-exciting

generator/motor is the primary source of electrical energy for the vehicle.

11. A hybrid electric vehicle as claimed in claim 6, wherein said switched reluctance non self-

exciting generator/motor is the primary source of electrical energy for the vehicle.
12. A hybrid electric system, comprising:
an internal combustion engine;
a non self-exciting AC generator/motor;
said non self-exciting AC generator/motor operates in either a generator mode or a motor mode;

a high voltage DC bus;
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a low voltage battery; a DC-DC bidirectional converter; said

ul tracapacitor bank is charged to a usable operating voltage by transferring
energy fromsaid | ow vol tage battery by use of said DC-DC converter;

said non self-excited generator/notor is driven by said power inverter when

said ultracapacitor .is, char to a.u

ohectric oydnarsugiEpia et ATk erEri g impierese st Aob ol Brar ges
sai d | ass;vol tage battery once said internal conbustion engine is operational.
23. A hybrid electric systemas clainmed in claim21 further conprising a

traction notgr 0 292
further corrp(rpllAsﬂ: ?S “éveg erufrga Olnteéy 04%% gggol%glﬁ]ﬁdnngsag%lﬁ&nes%%mﬁg% @Egle}a%rﬂ(’%r

el ect r ite D&ymowerdoasipelydd spedhizihvadiags R 28s yilderidivhragapaeltor pankt i on m)t ors nay be
selected fromthe group of self-exciting interior permanent nmagnet notors,
non- sel f - exa b RGltagbOWattéXz; not or s. 26. A hybrid electric system as
claimed in claim?24 wherein said traction notors nay be selected fromthe

f I i Lo ' t , AC
Or 08D o o uhaRSEH Ul QLN Rh R8T TSRl ROGLA AR, RN Gl fce! o
conpr i diangy tembtidanigitiehecitaxn mmgypte sl sl s’@lfexen@ @yleremdtnem Omﬂfratmaurdsald
ul t r acapRG) ek (LA sai PtehlaNGrfSioTRliAUM hi gh vol tage DC bus vol tage;

13. A hybrid electric system, as claimed in claim 12 in which said ultracapacitor bank is charged
with sufficient energy from said low voltage battery such that said non self-excited generator/motor can
be used in said motor modes to start said internal combustion engine thus replacing the conventional low-

voltage engine starter.

14. A hybrid electric system, as claimed in claim 12 wherein said means used to charge said
ultracapacitor is a bi-directional DC-DC converter which maintains the state of charge of said low-

voltage battery thus eliminating the need for a conventional low-voltage alternator.
15. A hybrid electric system as claimed in claim 12, further comprising:
dual compact inverters;
a plurality of wheels;

a plurality of non self-excited traction generators/motors each interconnected with a respective

one of said plurality of wheels;
said dual compact inverters are connected across said ultracapacitor bank;
said dual compact inverters are bidirectional DC-AC inverters; and,

said dual compact inverters transfer energy to and from said ultracapacitor bank and to and from

said non self-excited traction generators/motors.

16. A hybrid electric system as claimed in claim 12, wherein said non self-excited
generator/motor is operated in said motor mode to back drive said internal combustion engine and an

associated engine brake in order to dissipate excessive regenerative braking energy.
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determining if there is sufficient energy in an ultracapacitor bank to start
an i nternal conbustion engine; transferring energy using a DC DC
converter froma |low voltage DC battery to said ultracapacitor bank if there
is not sufficient energy in said ultracapacitor bank to start said internal
conmbusti on engi ne; . . starting said.internal. copbusti.on.engi ne using a non
el T oxci t e TgAENA oy i SRR AR 12 WOrHr SHOHE SRR e oai d i nierna
conbustgetdtatemgotoes b kwitdhed ehiceinsrhidhtcent energy in said ul tracapacitor bank;
cal cul ating recoverabl e energy in said hybrid electric vehicle; calculating
eénergy In Sa1|8dAllﬁg/lerj(ﬁeQ&%%P§t% 2P e@1n (§2§1‘an%@feindsaﬁlﬁgatcgﬂagito\f%mkcig §riven tq a
determining if said calcufated recoverabl e energy plus said ultracapacitor
ener gy Hrglefeamiged mammeam rasei ofrakargsariorn hsingineshutiemgyn erdente provige fos ggpd engine
ultr acapag tv%hom{%gd to rely on re%ﬂ%ﬁ@%oﬁ%aﬁ%‘eﬁcl& W(l&%lée ﬁ?rﬁtgﬁ@;h r fRAI@hNe Lo | die
and connanéing zero power generdation fromsaid non Self-excite
gener atoperaig endisgsr at i ng in a generator node if said cal cul ated recoverabl e
energy plus said ultracapacitor energy is not |less than said maxi mum
perm \7,151 i PI e 1@pﬁmgyﬁ@@@trlt%mystang a§@§1idle&|iridl@ﬁapaaﬂiefeﬁfs_aﬁaﬁﬁﬁpﬁﬂﬁﬂch@iﬂg' g a period of
time Ile sald Internal conbustion engine Js 1dling wth, zero power
gener AR gHoR Rt Sap 9@&?%@“3%%#15@&?5 lﬁﬂe%rto Bf?él‘dgffil?f’d YA d
gener at@érgid@idangd sdlesaltay laler g/ nsaddpafinguh adi@thotfoe soNEDh Rtteaig neergy pl us said
ul tracapacitor energy and redetermning if said cal cul ated recoverabl e energy
pl us sdPHCHICR S&Saci t or energy is | ess than a maxi num perni ssi bl e energy
content of said ultracapacitor bank due to consunption of energy by said
hybri d el ect20i & hylgi ddcgicamgien bs daimdd medamgutlaimeth inedohenati morenbyaghdupl us sai d
ultrac ' - ' 1| ' neram Ssi [ nt ent of
cai o i B B s e B e R R B B gt e
set t i ngxsigiddragtivhegemad torsowbusvitlont vaginrehg heedertimgtah s thagtly bevakwuglpgoict icc speed
and comupndi ' - rofr ' - ' - or
oper at | Mot SR G PARTpch AL RLHA, ARG L AR AR ¢ cai d
ul t r ac apadé sady opereépigyf sesl shsses t han sai d maxi mum perni ssi bl e energy content of
sai d ultracapacitor bank;

21. A hybrid electric system, comprising:

a non self-excited generator/motor;

said non self-excited generator/motor is operable in a generator mode or a motor mode;
a power inverter;

a high voltage DC bus;

an ultracapacitor interconnected with said high voltage DC bus;

a low voltage battery;

a DC-DC bidirectional converter;

said ultracapacitor bank is charged to a usable operating voltage by transferring energy from said

low voltage battery by use of said DC-DC converter;

said non self-excited generator/motor is driven by said power inverter when said ultracapacitor is

charged to a usable voltage.
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determining if a brake command i s present; sendi ng a negative torque
command to said non self-excited fraction notors proportional to said brake
command and within stability limts if said brake command is present;
determining if the high voltage DC bus voltage is greater than said high

vol tage DC hys,m ni pjym vol t age ld br e coma resent;

sending a 2o P R o il i S 2 R a D by S sad

gener atlow sHlmt batryi dncs sidlinkerghcontluitagenge huperstivnilage 1s not greater than said
hi gh vol tage DC bus mi ni num vol t age; readi ng an accel erator conmmand if

sai d high volst ﬁﬁizbl%lé%'th‘c k&exﬂ"aﬁéﬁlﬁ{ed E%%@lf&hfaf &Jﬁqp\ﬁ%’l'ng 29GctienRtE. M Ni mum

vol tage; determ |ng I f e vehicle speed is Iess than“the nmaxi mnum perni ssi bl e
speed; sen a.zero tor ue conman 0 said non self-excited traction
gener at or s/ rfdt oY’y i Sgedr DFEMAHE Hireddn g %eéeh%rﬁ%pwswé AR HEHM ssi bl e
speed; motors. Sending a positive torque comrand proportional to the accel erator
signal within stability limts to said non self-excited traction

gener at or o/ ! Ribla SAL SOLAL, SEhEE Ry S hhel B URTHASH G0 ARy be wlgeregSendi N0
a negative t'orque conmand: proportional to the accel erator si W TN
stablI|ﬂqnﬂmgKMBOf@HSaﬁdmnmwngakﬁn%thmedmmnavamomsgéﬂ@nmgoﬁ@bm@@@xmnif sai d

shift selector is not in forward gear. 28. A method for controlling a hybrid
el ectric vehisCh@yRsi ddcaicd®derh Bs QhidleNniclai?@ Wk RinSiddraction motors may be selected

from the group of self-exciting interior permanent magnet motors, non-self-exciting, AC or DC motors.
27. A method for controlling a hybrid electric vehicle, comprising:
setting the maximum permissible energy content of said ultracapacitor bank;
setting the minimum high voltage DC bus voltage;

determining if there is sufficient energy in an ultracapacitor bank to start an internal combustion

engine;

transferring energy using a DC-DC converter from a low voltage DC battery to said ultracapacitor

bank if there is not sufficient energy in said ultracapacitor bank to start said internal combustion engine;

starting said internal combustion engine using a non self-excited generator/motor operating in a
motor mode to start said internal combustion engine if there is sufficient energy in said ultracapacitor

bank;
calculating recoverable energy in said hybrid electric vehicle;
calculating energy in said ultracapacitor bank of said hybrid electric vehicle;

determining if said calculated recoverable energy plus said ultracapacitor energy is less than a

maximum permissible energy content of said ultracapacitor bank;

commanding said internal combustion engine to idle and commanding zero power generation
from said non self-excited generator/motor operating in a generator mode if said calculated recoverable
energy plus said ultracapacitor energy is not less than said maximum permissible energy content of said

ultracapacitor bank and waiting a period of time while said internal combustion engine is idling with zero
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said non self-excited traction generators/notors arc swi tched rel uctance

machi nes. 29. A nmethod for controlling a hybrid electric vehicle as
claimed in claim27 wherein said non self-excited generator/notor operating
for starting said internal conmbustion engine is a switched reluctance machi ne.
30. A nethod for contro Iinglfa h%(grid el ectric vehi.cle as cl ai ngd idn cl aim 27
wher ei O8] $FERLY B AR e Ry AR R B CPEY B IS b ERYT BEG B dl e and

comandtaguzeiisapiaenlage Ren adribidenkied Flus aiid ulnacpsebf creigiah@ttdgemnsiiag Ts4idot or

operating in.a generator de.if. said.cal cul ated recoverable energy plus said
bt r ac £BRERES FCRYRPIR Py ARt S RIS R S L DB R REPYSY cont ent
of sai dottkiitrofi eagalehdapicitbioakk amco wWedstunpiipnadf pedtt&ye said hiybriee 1sdid vehisRiadd ifnt er nal

conbustiaon engi is idling with zer ower generation from said non

ol T ot e B s Y Bl P ey et B PR ity

r ecal cyleatissitge srgy cotketwlf sdi @daltri@paverabk ehcdnbiittye qwiSaidantenallchmbgapaci t or
energy and redetermning if said cal cul ated recoverable energy plus said

ul tracdpalftor energy is | ess than a maxi mum pernissible energy content of
said ultracapacitor bank due to consunption of energy by said hybrid electric
vehi cl e and setting gdidiinfegnah¢ amblustioagngineweed tahedcst heakg ypopifig spesd il epmpaadiapaci t or
energy is. t A ' - eai d

ol 1 P G B e i KR bR S i e,

31. A melchlaigd fagevesable angigl plug sad Wrpapapiter eaergy iiscless diinghid masinginepoppidsibla ¢l ai m 27
wher ei n.,s3l 83480 Qi1 & peli;Rgusai d internal combustion engine to idle and
comrandi %g&zero power generation from said non self-excited generator/notor
operating in, a g.ener. tor node if. said calculated recoverable energy plus said
ul t r acapaci t%@“)ﬁ@%@l?r?e%?ma’é SPIRHY sai d maxi num perni ssi bl e energy cont ent
of said ultracapacitor bank and waiting a period of tine while said internal
conbust i on englirg iegativd ltérgey opinintand wrseidmonedl f-geial tecfiormdtpo propaitidnal onsaid

sel - xChb ednASNELA\IHRLAL, ARE! RULIG LN ARl qneegs or mode and

recal cul ating sal d cal'cul ated recoverabl e energy plus’ said ultracapacitor
energy and redeterm_ni ngl if said cal cul ated recoverabl e ener El us said

ul t r acapaci tdterinmgdithe Qigh waltags RG funvekiass inaterigetha wid Hehevoltags Iy besgpinipm of

sai d uhpasRRAGidREikeRaRkaglE nbQr&eRsuNt i on of energy by said hybrid electric
vehicle and if said recal cul ated recoverabl e energy plus said ultracapacitor

energy is not _less than a maxinum perm ssibl.e.ener content of..saj.d
PR e R R S T T

per f or retlagerD @ ousjvahagke iisomt wichthr than sdlidchighl vobragyd(C busimvianevdtagh; schar gi ng sone
energy in said ultracapacitor bank into w ndings of said non self-excited
traction gengfs@loQh3tdtREAEr oMnbhPHLailRizh N8t DRSS RYrdREI3A LaiDhish Vcﬁf_atfvé beiently
| ow enough power to avoid notion or by operating said non self-excited
tracti oWs gEHeratveltagemot ors wi th opposing torques to enabl e safe operation of
sai d vehicle. 32. A nethod for controlling a hybrid electric vehicle
as cl ai med idsteehialn@if2ile vihiicaipedigiesh thidr thamapmamtpermilsétikspesd; dri ven to a
predeterm ned maxi num state of charge prior to shutdown of said internal
conmbusti on engi: [ ' : [ BN
oo char gi ng Tu Bee < b 4R IR IR RPN LRRAABATYOR o) ectri o
vehi cl epeadasmmt loss thep tha meginumglcinaissiblaspsoti sel f - exci t ed gener at or / not or
mechani cally interconnected with said internal conbustion

sending a positive torque command proportional to the accelerator signal within stability limits to

said non self-excited traction generators/motor if said shift selector is in forward gear; and,

sending a negative torque command proportional to the accelerator signal within stability limits to

said non self-excited traction generators/motors if said shift selector is not in forward gear.

28. A method for controlling a hybrid ¢lectric vehicle as claimed in claim 27 wherein said
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engi ne; a power inverter; said non self-excited generator /Mtor in electrical
comuni cation with said powr invcrtcr; said non self-excited generator/notor
is operable hi a generator node or a notor node; a high voltage DC bus; an
ultracapacitor interconnected with said high voltage DC bus; sai d

controller in.clectical. communication wt ai d power inverter controlling
caid potlgrep REPERH AR BPEGguerD e ke F PR ect onal conver t or;
said ultracapacitor bank is charged to a usable operating voltage by

t ransf er ri ng9%eparcghpdforemizdiing o ltygﬂd/dbqtla@@hm@tqw}ayndﬁyn algian Bf whesgiel smEnpC

conver tefrie, Al venerator/motct patRTosBhhie SN GiihE IS REEALOLARL QX sviknGPNt rol | ed by
sai d cgntfgﬁﬁeEmgﬁénggﬁveh ?%%s%id ntorlr%nd?a by said power nverter when said
ul t r acapaethncomarnghar ged to a usable voltage to start said internal

conmbusti on engi ne.
30. A method for controlling a hybrid electric vehicle as claimed in claim 27 wherein said step of

commanding said internal combustion engine to idle and commanding zero power generation from said
non self-excited generator/motor operating in a generator mode if said calculated recoverable energy plus
said ultracapacitor energy is not less than said maximum permissible energy content of said ultracapacitor
bank and waiting a period of time while said internal combustion engine is idling with zero power
generation from said non self-excited generator/motor operating in said generator mode and recalculating
said calculated recoverable energy plus said ultracapacitor energy and redetermining if said calculated
recoverable energy plus said ultracapacitor energy is less than a maximum permissible energy content of
said ultracapacitor bank due to consumption of energy by said hybrid electric vehicle and if said
recalculated recoverable energy plus said ultracapacitor energy is not less than a maximum permissible

energy content of said ultracapacitor bank, then shutting down said internal combustion engine.

31. A method for controlling a hybrid electric vehicle as claimed in claim 27 wherein said step of
commanding said internal combustion engine to idle and commanding zero power generation from said
non self-excited generator/motor operating in a generator mode if said calculated recoverable energy plus
said ultracapacitor energy is not less than said maximum permissible energy content of said ultracapacitor
bank and waiting a period of time while said internal combustion engine is idling with zero power
generation from said non self-excited generator/motor operating in said generator mode and recalculating
said calculated recoverable energy plus said ultracapacitor energy and redetermining if said calculated
recoverable energy plus said ultracapacitor energy is less than a maximum permissible energy content of
said ultracapacitor bank due to consumption of energy by said hybrid electric vehicle and if said
recalculated recoverable energy plus said ultracapacitor energy is not less than a maximum permissible
energy content of said ultracapacitor bank, then shutting down said internal combustion engine is
performed in conjunction with said dual compact inverters discharging some energy in said ultracapacitor
bank into windings of said non self-excited traction generators/motors without motion either by operating
at sufficiently low enough power to avoid motion or by operating said non self-excited traction

generators/motors with opposing torques to enable safe operation of said vehicle.

32. A method for controlling a hybrid electric vehicle as claimed in claim 27 wherein said

ultracapacitor bank is driven to a predetermined maximum state of charge prior to shutdown of said

45



34. A hybrid electric vehicle as clainmed in claim33, further conprising: a
first dual conpact inverter and a second dual conpact inverter; a
plurality of non self-excited fraction generators/notors driven by said first
and second dual conpact inverters; said first and second conpact inverters
control.led b aid controller. . . 35. Ahybrid electric vehicle as

cl ai ned“‘ie‘i’i‘alc‘i)‘l’ﬁ‘i%}‘ﬁnﬁﬂ e%%‘lfrf@i rﬁplgﬁil%nef fi4rute %‘ﬁﬂ“&‘&&%ﬁdeléi JaP™e C&‘ﬁ’i&&@tﬁ"f“}ﬁ?@r ters may

bi di r eckchioladbv-yolsgpplCybapawer . 36. A hybrid electric vehicle as clai ned
in claim34 wherein said power inverter nay bidirectionally supply power.

37. A hybri di3eh §ehtd Ge¥RNCGLR, &ﬁlﬁéﬂ%”Ed in claim34 wherein said first and

second dual conpact 1 nverters m irectionally supply power and wherein
said power inverter may bidirectionally supply power. 38. A series-electric
hybrid vehi @A€"J8Eri sing: an internal conbustion engine that converts

chem cal energy into mechanical energy; a non-sel f-excited

gener at or / notren sdbepltetizgenerapaindtor medrniadllycowisustettohwahgrihmtermal garbueron
mechani gal pover to electric power and provide said electric power to said
vehicl e Tor propul sion and other related functions; a high-voltage DC bus;

an inverter to transfer power bi-directionally bet ween sai d non-sel f-excited
gener at or / ntRVCHRYETEE| d hi gh- vol t age DC bus:

said non self-excited generator/motor in electrical communication with said power inverter;
said non self-excited generator/motor is operable in a generator mode or a motor mode;

a high voltage DC bus;

an ultracapacitor interconnected with said high voltage DC bus;

said controller in electrical communication with said power inverter controlling said power

inverter;
a low voltage battery;
a DC-DC bidirectional converter;

said ultracapacitor bank is charged to a usable operating voltage by transferring energy from said

low voltage battery by use of said DC-DC converter; and,

said non self-excited generator/motor is controlled by said controller and driven in said motor
mode by said power inverter when said ultracapacitor is charged to a usable voltage to start said internal

combustion engine.
34. A hybrid electric vehicle as claimed in claim 33, further comprising:
a first dual compact inverter and a second dual compact inverter;

a plurality of non self-excited traction generators/motors driven by said first and second dual

compact inverters;

said first and second compact inverters controlled by said controller.
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a traction notor/generator that provides propul sion power; an inverter
to transfer electric power bi-directionally between said traction

not or/ generator and sai d high-voltage DC bus; a conventional |ow voltage
systemwi th at |east one 12 or 24 volt battery; an ultracapacitor bank, said

L e o R e B G hF B Y S B Ty oEr b R SR S et o ¢

batterym&ﬁds&&bdkmkmmaﬁapﬁgﬂyp@w@ank for purposes of pre-charging said
ul tracapacitor bank when necessary to provide sufficient energy to excite said

generator ang & ?&%e?ecﬁﬁc%hlcl%% Bainfd “ﬁ{ Q& ﬁ%ﬁ%@&%ﬁfbo@@%{?&teﬁ&gyt hereafter to

mai ntain the sta char ge o sald | ow vol t age tery once said interna
conmbusthidrecieangilnppls peyer at i ng; and, control logic, said control |ogic
manages the state of charge of said ultracapacitor bank and the propul sive

oper ati on of37sai ibmebleetti€vange @tchﬁﬁed’lﬁhﬁinegh %hﬂi@ihiszﬁdlﬁrst and second de& cordpably br i d
electri.c systemb.as Cl@lmd in clai further I’ISI dgr DCfAClnverter
for povBYTHY MaM PRECE AR UPP BT ARGV eﬁ‘c‘i{?\éarlﬁ‘ H@V%a}vaﬁ &ty Sjdrectionally supplyy - o
hybrid pkectric systemas clainmed in claim40, wherein said AC tracti on notor
operates as a generator regenerating energy to said DC-AC inverter for storage

in said ult rACRARACL e%?m hglfndﬁhlg%%ﬁlﬁlns% ectric vehicle as clained in claim 33,

further conprisi ng i nvert Sraction generator/ notor driven by

said first inverter;
an internal combustlon engine that converts chemical energy into mechanical energy;

a non-self-excited generator/motor coupled to said internal combustion engine to convert
mechanical power to electric power and provide said electric power to said vehicle for propulsion and

other related functions;
a high-voltage DC bus;

an inverter to transfer power bi-directionally between said non-self-excited generator/motor and

said high-voltage DC bus;
a traction motor/generator that provides propulsion power;

an inverter to transfer electric power bi-directionally between said traction motor/generator and

said high-voltage DC bus;
a conventional low-voltage system with at least one 12 or 24 volt battery;
an ultracapacitor bank, said ultracapacitor bank electrically coupled to said high-voltage DC bus;

a bidirectional DC-DC converter to convey power between said 12 or 24 volt battery and said
ultracapacitor bank for purposes of pre-charging said ultracapacitor bank when necessary to provide
sufficient energy to excite said generator and then to start said internal combustion engine and thereafter
to maintain the state of charge of said low-voltage battery once said internal combustion engine is

operating; and,

control logic, said control logic manages the state of charge of said ultracapacitor bank and the

propulsive operation of said vehicle and other related functions.

47



said first inverter controlled by said controller.

39. A hybrid electric system, as claimed in claim 12, further comprising a DC-AC inverter for

powering an AC traction motor for powering said vehicle.

40. A hybrid electric system as claimed in claim 40, wherein said AC traction motor operates as a

generator regenerating energy to said DC-AC inverter for storage in said ultracapacitor.
41. A hybrid electric vehicle as claimed in claim 33, further comprising:
a first inverter;
a traction generator/motor driven by said first inverter; and,

said first inverter controlled by said controller.
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