Application No. Applicant(s)
Advisory Action 15/799,045 King et al.
Before the Filing of an Appeal Brief | Examiner Art Unit AlA Status
ERICK D GLASS 2837 Yes

--The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --
THE REPLY FILED 22 January 2019 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE.
NO NOTICE OF APPEAL FILED

1. The reply was filed after a final rejection. No Notice of Appeal has been filed. To avoid abandonment of this application, applicant must timely file
one of the following replies: (1) an amendment, affidavit, or other evidence, which places the application in condition for allowance;
(2) a Notice of Appeal (with appeal fee) in compliance with 37 CFR 41.31; or (3) a Request for Continued Examination (RCE) in compliance with
37 CFR 1.114 if this is a utility or plant application. Note that RCEs are not permitted in design applications. The reply must be filed within one of
the following time periods:
a) The period for reply expires 3 months from the mailing date of the final rejection.
b) a The period for reply expires on: (1) the mailing date of this Advisory Action; or (2) the date set forth in the final rejection, whichever is later.
In no event, however, will the statutory period for reply expire later than SIX MONTHS from the mailing date of the final rejection.
c) [3 A prior Advisory Action was mailed more than 3 months after the mailing date of the final rejection in response to a first after-final reply filed
within 2 months of the mailing date of the final rejection. The current period for reply expires months from the mailing date of
the prior Advisory Action or SIX MONTHS from the mailing date of the final rejection, whichever is earlier.
Examiner Note: |f box 1 is checked, check either box (a), (b) or (c). ONLY CHECK BOX (b) WHEN THIS ADVISORY ACTION IS THE
FIRST RESPONSE TQ APPLICANTS FIRST AFTER-FINAL REPLY WHICH WAS FILED WITHIN TWO MONTHS OF THE FINAL
REJECTION. ONLY CHECK BOX (c) IN THE LIMITED SITUATION SET FORTH UNDER BOX (c). See MPEP 706.07(f).

Extensions of lime may be obtained under 37 CFR 1.136(a). The date on which the petition under 37 CFR 1.136(a) and the appropriate
extension fee have been filed is the date for purposes of determining the period of extension and the corresponding amount of the fee. The
appropriate extension fee under 37 CFR 1.17(a) is calculated from: (1) the expiration date of the shortened statutory period for reply originally
set in the final Office action; or (2) as set forth in (b) or (c) above, if checked. Any reply received by the Office later than three months after the
mailing date of the final rejection. even if timely filed, may reduce any earned patent term adjustment. See 37 CFR 1.704(b).

2. (] The Notice of Appeal was filed on . A brief in compliance with 37 CFR 41.37 must be filed within two months of the date of filing the Notice
of Appeal (37 CFR 41.37(a)), or any extension thereof (37 CFR 41.37(e)), to avoid dismissal of the appeal. Since a Notice of
Appeal has been filed. any reply must be filed within the fime period set forth in 37CFR 41.37(a).

3. The proposed amendments filed after a final rejection, but prior to the date of filing a brief, will not be entered because
a) They raise new issues that would require further consideration and/or search (see NOTE below);
b) (] They raise the issue of new matter (see NOTE below);
o d They are not deemed to place the application in better form for appeal by materially reducing or simplifying the issues for
appeal; and/or
d) (J They present additional claims without canceling a corresponding number of finally rejected claims.
NOTE: (See 37CFR 1.116 and 41.33(a)).

4. (] The amendments are not in compliance with 37CFR 1.121. See attached Notice of Non-Compliant Amendment (PTOL-324).

5. Applicants reply has overcome the following rejection(s):

6. Newly proposed or amended claim(s) would be allowable if submitted in a separale, timely filed amendment canceling the non-allowable

claim(s).

7. For purposes of appeal, the proposed amendmenl(s):(a)will not be entered, or (b)C]will be entered, and an explanation of how the

new or amended claims would be rejected is provided below or appended.

AFFIDAVIT OR OTHER EVIDENCE

8. [JaA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

9. [ The affidavit or other evidence filed after final action, but before or on the date of filing a Notice of Appeal will not be entered because applicant

failed to provide a showing of good and sufficient reasons why the affidavit or other evidence is necessary and was not earlier presented. See 37
CFR 1.116(e).

10. (] The affidavit or other evidence filed after the date of filing the Notice of Appeal, but prior to the date of filing a brief, will not be entered because
the affidavit or other evidence failed to overcome all rejections under appeal and/or appellant fails to provide a showing of good and sufficient
reasons why it is necessary and was not earlier presented. See 37 CFR 41.33(d){(1).

11. (] The affidavit or other evidence is entered. An explanation of the status of the claims after entry is below or attached.

BEQUEST FOR RECONSIDERATION/OTHER

12. (] The request for reconsideration has been considered but does NOT place the application in condition for allowance because:

13. [ Note the attached Infarmation Disclosure Staternents). (PTO/SB/08) Paper No(s).
14. [J Other: .
STATUS OF CLAIMS
15. The status of the claim(s) is (or will be) as follows:
Claim(s) allowed: I
Claim(s) objected to:5.
Claim(s) rejected:1-2,7-15 and 18-22.
Claim(s) wilhdrawn from consideration:3-4 and 18.

/ERICK D GLASS/
Primary Examiner, Art Unit 2837

U.S. Patent and Trademark Office
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In the PATENT APPLICATION of:
Robert Dean King et al.
Application No.: 15/799,045
Confirmation No.: 9433

Filed: 10/31/2017

Our File: 273252-8
Date: January 22, 2019

For: Vehicle propulsion system with multi-
channel DC bus and method of manufacturing
same

Group: 2837

Examiner: Glass, Erick David

REPLY PURSUANT TO 37 C.F.R. §1.116

Mail Stop After-Final
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Examiner:

This Reply is being timely filed in response to the Final Office Action dated
November 23, 2018.

Please amend the application without prejudice or disclaimer as follows:

DO NOT ENTER: /E.G./
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Approved tor use Ihrough 1/31/2014. OMB 0651-0032

U.S. Patenl and Trademark Oftice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Raduction Act of 1995, no persons are required 1o respond fo a collaclion of information unless il displays a valid OMB conlrol number.

PATENT APPLICATION FEE DETERMINATION RECORD | Apdication or Docket Number | Filing Dale
Subsiitute for Form PTO-875 191799045 1013172017

DTo be Maited

ENTITY: LARGE [Jsmatl (O micro

APPLICATION AS FILED - PART |

(Column 1) (Column 2}
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
] Basic FEE NIA N/A -
37 CFR 1.16! .12, b). or (c)}
SEARCH FEE
(37 CFR 1.16(K}. (i) or (m) N/ NI A
(] EXAMINATION FEE
37 CFR 1.16(0). (p). ot B L DA,
TOTAL CLAIMS . 4
(37 GFR 1.16(i)) minus 20 = x $80 =
INDEPENDENT CLAIMS 3
(37 GFR 1.16(N) minus 3 = x $420 -
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
Dgl;l;Llf?glON SIZE FEE (37 for small entity) for each additional 50 sheets or
16(s)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
{7 MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16())
* If the difference in column 1 is less than zero, enter "0” in column 2. TOTAL

APPLICATION AS AMENDED - PART Il

(Column 1) (Column 2) (Cotumn 3}
CLAIMS HIGHEST
| 0112212019 ZE:E:\'AE/;I{NING "‘j‘g’:\%gﬁ - PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
Total N o — .
E (aggm 1650 20 Minus 22 =0 x $100 = 0
@ | [ndspendent |4 Minus | «++ 4 =0 x $460 - 0
5 Application Size Fee {37 CFR 1.16(s))
(] FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR
1.16(j))
TOTAL ADD'L FEE 0
(Column 1) {Column 2} {Column 3)
CLAIMS HIGHEST
REX”‘:/}'E‘;NG PRNE%"I"SSSHLY PRESENT EXTRA RATE ($) ADDITIONAL FEE (§)
*2 AMENDMENT PAID FOR
i [ Total 2 5 r .
= (:!?télrm 164} Minus = x 30 =
O [Tindependenl . ! = =
8 pinis - 30~
5 Application Size Fee (37 GFR 1.16(s))
{_} FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR
1.16()
TOTAL ADD'L FEE
SLIE

* I the entry in column 1 is less than the entry in column 2, write "0" in column 3.

** |f the "Highest Number Previously Paid For* IN THIS SPACE is less than 20, enter "20". /LISA E FULTON/

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The informalion is required to obtain or retain a benefit by the public which is lo file (and by the USPTO to
process} an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting Ihe completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Depariment of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
/f you need assistance in completing the form, call 1-800-PTO-9199 and select aption 2.
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ol system inchudes ) o iuction comtol commmd gesera-
fiow unif for computing velicks zpeed, sheel shp nitios, and
slip ervors; (i) @ forque splie uait for computing an optiwal
fint motor wwigue coquest ad an oplimal second moter towpe
oot and (i) a teagtion controf unit for mintaizing theslip
srrans, fransforming the atimal Brst iofor wsgue rquest
o this Best smior torgne comand, asd wiosforniag the
aptimial yecond motor torgue request inte the seconrd moror
torspue conunand, The systom niey juciode motor spead sen
.\:o.ré_‘ motor foiperatuse sensors, power contral medule teme
peraure sensors, sleering sensor, brake sensars, acecleratar
sensors and o sfability contol system, Ihe systems may
inchide one ar more energy storagesystems (S} as well as
1SS femiporatues sensors, BSS voltage sensory, and FSG cue-
rent sensors. The traction conteol it aray inchide 3 second
stage feedbick conteol systens for mitdmizing nistor speed
fast distwboaces. The (raction contwol voit say include o
torque boost feecforwacd comtral eiseuit. The torgue sptiy vnit
peeferably compuies the opfiumal Bt and sevond motor
wrgiie yequests by intepataiing. data s a fook-ng Toble,
The taggue split wnil prefesably eomputes an optintid fisst
sotas Jx conviasad and a optimal secoud motar Hux com-
.

[ORid} In wi least e owbosdiment of the favention, a
meihad af operating ags eleotric valicle traction s disclosed,
the methad comprising the steps of compriting vehicle speed,
cantpufing 1 totad lorgise reGuirement rapest, ;\Iiliil:« the
teial iorgque nicgu rencent necque st into optinsat Brst sl second
viclos tarque cequests, nondoving of least one swheel speed
sensoe al computing a wheel slig evroy, aifuimiziag the
wheel stip conoe and tams fonming the optinat first aud secpnd
Wolar torgue eguesty nto firat and \LL()(ld A otgue
commads, and conirotting fhe firt and second electne
utors of the eleetric vehicke besed o the fiest and secaid
motor fnrque cosmaads, Vhe diseiased niethod way fistbey
CEEPIIRE DI OX HIOIS MOMRHIiE Sleps, inely ding: mondtor-
ing fisst and sewasd motor syweed seasery, montsirisg & slow
fng sElso, monitering a brake seusor menitoring an aceel-
et seuser, onitoriug
raodale temperatire sonsors, motonng ey stokege sys-
tem (KE8) tomperature seusory, monitesing BSS voltage seq-
sors, and monioring ESS cwrent seasops. Tie d;ﬁc‘osg\!
methodway fusher caaprize the steps of comprdting first and
secordt motor maximusn available orque and Hevsting the
Aptunad first and sevomi ainr torgae cagriests by the finsi aad
socond minor ik avmilable torse audor limiting tie
first and socond oty torque comiyands by the fiest and
sovind metor ataximun evattable terque, The disclesed
urethod may (uethey comysise the step of computing opthuad
tirst and second mofor M comwands.

{08533 A firther 0 <fu\m.1dmg of the tature and ncvis-
tages of he present invention sy be rentized by reference fo
the resmaining portions of the specificatios and the diawings.

BRIBE DESCRIPTION OF THE DRAWINGS

{I056)  FIG. 1 ilustntes a parstlel drive systom according.
1o tie poine ey

17 3G, 2 Bestrates a pacatie! dnvenmem based on an
{MA confignration ascording fo the privy

10038] VG, 3 Hlustaries an afl- elef.hrcdmm aystemaccord-
ing to thse prios ad;

{&119] $1G.4 grapliicatly iilesiales the tompue cveves e a
canbusizait enguw «h)bz i tmlhy.mzl(a and an sfl-electiic

st aued second pawey conol.

Sep. 2, 2010

0024 FiG. § gophicaliy iffusteates the power eirves fora.
&) po

combustion engive, it bybr s({.wnligm:mion atcd analf-electric
drivesysien avcording e i prioe arg;

[0ai} . 6 iffustrsies e basic clements of a duat elec-
tiie motor drive system in aecotdanice with e invention
o2 FG7? ...rdplhuli}vz!iu\hiz'e\ sheseagse curves for i
preforead dupd motor configaation,

{0023]  FIG. & paaphicaily iustrates the poveer enrves Joxa
prefoved dual sotor confignysion;
{0924 FI1G. Y illustmates fhe basic ehowe
tric mesor drive systen inacconbwes withs
of the mvustivs,

023]  FIG. 19 illusteates the hasic elements of athi elese
Wi wotor diive systeny s ascurdmon with z.second embodi-
e of the invention;

j002af  FIG. L1 ilustiutes the basic cloments.of a dual elec-
e ey drive system in accondaice with a third eathaik-
ment of tha inveation;

{6827 FIG. 12 illusicales the basic clements of adual slec-
teic motoeirive spatent in aeeadanee with a fourth embodi-
ment ¢f the invontion;

[0028]  FIG. 13 Binsteates the basic elements of o lonpe
conwol systaim for use withadusl electiic motor drive system
steht as that shown in $1G. 11,

1029] FIG. 34 ilusteates the basie clements of a torque
conirad syslem for i donl eleniiic actor deive sysfent simitar
1t shown in FIG. £3, with the exception that eash nwofor/
power conteal modide is coupled to a separate BSS;

[0036]  PIG. 15 thustredes the besic cloments of the-tongue
contrnllers shosa in FIG. 13

{0031 FIG. 16 iusisates the dlporithm vsed 1o calewtaie
e optiined orque 4phil hefweans the tve motors, sithsut
taking {9 accaust wheel stip e
{0033]  FIG. 17 ithnstratesthe algori
looke-np table wtilized by the aptinsat irque sphi unit;
{0033]  FIG. 18 iHusteates o block disgean of ihe stagtion
coirol il shown fn FIG, 18; and

1034} FHA. 1D Hustees the bosie clerents of the torque
cantroliee shosye fo P, 14,

s of a ual efecy
rat embodiznent

iHn ised fo penerate the

OLSCRIPTION OF THE SPECHIC
EMBODIMENTS

f0035]  Tn the fallowing toxt, e ferms “clectiic vehicie”
and BV may be vsed tnterchangeably and refer 10 an aff-
electde vehicle. Simitary, se feimy “h)Lnd‘ “hyvbri eleg-
wie veliicke™ sl "HEVT may be used intachangeably and

refer o a vehivie bt vser dhal propulsion sysiems, one of

whicl is 4 electiie molor aed the other of \zhu,h i 4 eam-
busstion engine. Sinibndy, the e “baitoy, “ecll”, and
“balteey Lc! nuy beusad nterehangeably aid refer to sy of
avativiy of different rechangeabis ccli chemisiries and con-
(m!muon\ including, but st Hmited te, Khinm jon (e.g.,
fithiin iron phosphate, ihium cobalt oxide, other }uhmm
mctat oxides, ete.), lithinnt fon pelyrer, nickel metaf liydride,
nickel cadmiuny, wicked hydiogen, nivkel zine, sitver i, o
ether batiery type/eondiguratica. The teem “Buttery pack' es
used heeein refbrs 1o mudipie indivigoal batteries contained
within & sitgde piece o multi-plece hawsing, the indisidont
lateries electrically fnferconnecisd o achieve the desired
sollage aged current capavity for i pasticular application. The
fenns “ensgy storage sysiem” anid “BSS may be wsed inter
changeably and refer lo an eleatrical enerpy storge syslvm

that ‘\w\ the mquxh“' 10 be charged and dischacged such as a
: G o ! i

\\)I\ R
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4
socond pawer cotsol wodule 911, The powey condeol sod- deive systein where additional energy tesorons are
ales wuay be comprised of passive poveer devices .., Wan- wipufeed, As w resul, the BSS systoins cary he designed
sien filterty capacitors mstor indectors), stive power with sistler charge capagities than would othenvise be
doviees {e.g, zomiconductor andfor electromechanics) osjuived,
switching devices, cicenit protection devices, efc.}, sensing {B048]  Vor exmuple, wnder havnial opesating conditions
devices (e, voltage, civret, @dfor poseer flow senson, one i Gae motors (e, 1etor 681) uay orily be required
cle.), ogie conteod devicss, cosumumivation desices, v, Inat to supply 4 minar amount of togelpover, Hertor
feast one embediment, pdwer contsl modules Y08/913 are requiring that BSS 901 bave only » celatively ot
yuder the comaal of & coairal power conot awdule 913 capastiy. Tlowever, wnder condizions swhea adaiticad
Preferatdy ench dnverter 303969 jncludes o DU to AC fopqueipower assistatics from motor 681 is reanired,
iverter. ay'stern 908 atfuws motor 601 o duy from 158 907 via
{0043)  As described sbiwe and showa in FIG. 8, each NCIC sonvectes $15, pawer it modale 995 and
ipverter 903/989 is coupled 1o its ewn ESS. Using dual BSS fveries 403, Withowt convarter 918, each ESS system
systeis provides severkd beeehits. First, the two EBS systonms swontd have to be desigued with suticient ensepy capse-
ctin be y Incated within the vebicke: shus wding ity to andle the expocied deasandy placed oy yatent
welght disribuiion. Second, cooh ESS system can have 4 dum Alf phrases of operation,
%n~‘kra.h:\:-"cc'apacglv than that which wouid e requited by 10049) n) FSS Degign Plesibility—Thie to the inelusion
3 i cotplesd o Twa moturs, Thid, eash BSS of the bi-directional BCDC converter 815, the E5S

systein cast e sdesigased 1 meet the specific n.qlnro-,.ems of qyttomz can he desigged fo opainize prtaeters ather
she oot Ly wehils i i coupled, R poreatially ablowing than just charge capacily. For examply, in at fast oue
diferently sized FSS systoms (0 beused, depending apon the erabociment BSS systeus 901 sfifizes o superoapaeifor
regraessnents of the sssocined motars. Foneth, i charging module whiie 185 sysfem 997 wtilizes a conventional
mmd;sdnsg 3 hasactenistics of the bwo LSS systoms san be battesy pack, .4, o conpised of hajteries that wilize

signed fo be siguilicantly difforeat from one asstbes. For ithium-ton or otber batiésy clinmistrics, Bi-directional
example, fhe maximn chime nad dischsrge rates ofone of DO eonverier 945 ulows system 908 fo ke advai-
tie BNS sysiems may be muck bigher han those of the other tage of the henefits oFeach type ol encrgy skoragedevice
B35S, Preforadly in o Jeast one crmbordiment, the miniomu withioni being severely impacted by cach techusiogy's
chage rate of the 1SS 901 is 3 €. wheee "C™ is the full Hesitafians.

apacity 52 the B84 divided by 1 howr in accurdinee with 0050} i) Charging Flexibility—Puring veliiele spm-
standard conseatians. tios, preferably regezative braking iy tsed i geaerale
10044)  An importsat Teithure of deive system 908 §s o - posver that ean Pe vsed to change sither, or buly, ESS
divectional BCDC eonverrer P18 1 converter 414 pro- systesis OBE nud 987, in gystens 908, bi-dieeciiona
vides @ nugens Jor tnwaloring enesgy i cithier sditection DO converter 9E8 allaws the clectrical power gen-
priveen the beo drive systems. DIVDE copvarter Y18 &5 crafd by cithes, or botly, deive syslems fo be used. ©
conpled to, and conirofled by, 38 energy twssfer comrol chiarge either or L\)lluPSS systoms, As 2 st the stats
medale 017, Enengy bransler contro wochte 837 monitors the of chage of both systerss can be opiuized rdatne to
condtition of each Ti8S systom, v exaniple moniioriug the the @ 's:‘.iublu pown
state of chiarge 0f BSH 96 with seisor $19, and monitosing {0051)  Although jueleably both diive systems are used
the staig of c?mgcoi ESS 997 with sensor 824, By ai trastone fo generate power, in it leadt gue configintion onty one
cmbodient, enony Tassivy cordsel module D17 s config: of the deive gystenis ix uses] 10 generaie cleetrical powser
wred to mainiain one or both H8S systems within o profersed via rogenerstive braking as well as provide drivis posver.
st of chicye fauge, §.0., battveon o owe state o charge tid I swcha configueation, bidivectional DO/DC conviries
gaupper state of ¢ Forexample, engnyy s 915 allows the power generased by the single deve sys-
whule $17 can be configueid to majntsia oise or hoth i dnring he regenerative briking cyule to by used o
systems fretwern o fower Innit aad wi apper i, where the charnge boih ESS syitems as required,
fimits are delined in terns of 3 paree \iﬂ 2 of the maximum 10052]  leenddtion, ina system such gs et shawain FIG
apeating eapacity of each respictive BS 1SS systom. fi at least 9, the two BIY systemss G utiize difforent charaing
o mdurm embodiment, e Gimits for one or dotle 58S prafiliss hased on, and optindized for, theis individual

sustens is 509 of the muxinn epending capeeity for e 3&“@“3 For exasaple, one of the ISS systeins may be
Jawer Hmit and S0% of the maxinunn apeging sagacity tor configured [0 accept a fst ehar W“% profile. Since the
ihe upper Hmit. ) tvar FSS systems e iselated, exeepl for the hi-diree-
100457 Prefocably enerpy transter contool modude 917 also tiona! DIDC converter 915, the it chie warging IS5 svs-
nwonitons the wmpmuun' uf BSS 901 with o tenperasre e is notadverssiy aitected by the slaing dow efieet
sensor 23, ind monitors the fomperatare of ESS 907 with a of the oiber BSS system.
enperatire seisor 925, I at densd one embodiment, enoegy {0053 v} independent ESSArive System Desigy/
franstor coniral mudule 947 also smoniton: cesteat praser cons tmplomentation-~The inclusion of the bi-diretional
ot mosdule 883, thereby nuwiiforivng the requiveinents heing DCDC eonverter 915 provides addifional Bexibifily in
plavad o3 the two drive systems. thedesign anl optusization of the deive systoms asiori-
10045]  As muibined below, bivdireational DCYDC converter atwd with cach ESS systean, for example showing drive
915 pravides npemitional fiexibifity, and thercfore 3 manber inolors witbditferait nosainat volinge levels wheused
of t\v“Cf!'M to. various implementaions ol sveten 908, {0054)  [1G. 10 iMustrates o seeoud prefeesed embodistent

{0047 i} Reseevs Power—Bi-directional DEDC con-
vertee 985 provides & [mm and means for oge ddve

W s

(SR e o

of the invention. As shown, system 1080 is the sam as system
Y00 & \»(’psfm’ﬂle ehmnmu,m of fi-dircutinmal PCAIC

:
e (415

<t
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toral torque pequirensent reguess, cefereed fo herens ay
“Ctowgue”. T_fargue i3 e torque veqeired. fron the eom-
bined mofoxs.
fete7y il mastmuim forque swnilshle from the o
fe0rs; refersed o herein as 0 maxiongued” and O nax-
torque2”, are cabulated by the Dist torgue miting unit 1503
andd fhe seeond forgae hmumg, il 1505, respectively. The
puts o fhe Mist erque Hiwiing uait 1503 are the data fiom
figst moior lempersiwe sensor 1367, fisst mroty spead sensor
1369, and fiest power conwel piodule fempeaturs sensir
1321 The inpts (o e second torsie Bimiting wnit 1508 ore
thedatn fiem secoad imotor [emperature seasor 311, second
isrator speed sensar 1313, and seeond power oot nehile
tempeniise seasor $A23. Asstning a siale 088 configues.
tio, for exanploas showa i F1G. 13, 688 data inpus o both
uits $503 and £505.0re the ESS tempegitsne data h\‘m sensar
1315 aswell as the KSS voltage atd cusrens datar front sensorss
1317 and £309, qospectively. 3 cach mofor i conpled t ity
awe 58 as idtusteaied i FIOS. 9 and 10, then the 18K dists
fagusl infa it 156 3s frona the ESS coupled o motor 691 and
the HES data tsgnt Bita it 508 is feom he BSS eoypled o
moiog 603,
[0B68Y (e Songie eounin from the combined sotors
enfated by unit 1801, cad e manimen availide torqee for
thetirstand second nwtors, catenlated by tnits 1583 aad 1505
respectively, @re ipput info the optimal fosque split uait 1567
as i the compnfed veldcle speed. Unit L3017 optimizes the
wigue splil beiveen the nes motass without takiag into
Arcmuu vhweet slip, s
e, C_tonpue, into W optimal fast wdor togre,
il an aptimn kecond motky torgue roguest, ihe sphit
based solely an achiecing maximun opemting cf&.cw,y
within the imits of the available torgue for vach mutor.
{0069 The system af the invention uses 4 sisple contins
ausly ronning shgorithm o detormbne fhe opfimal {ouy wesplit,
as Hiustraiod §u FIG. Lo, As shows, inttially €_jorg
C. vspevid, Comantazgre b and C_mastorgue? are nead (step
16015, Mexi, wimposay values for the torgue for the fiest
motor §8E (€_temptarquel} end for the second wnor 603
(C_temptorqic) ave determtined, as well 65 walues Ror the
motor fox fac ln\{ motor 601 (C_fux 1) and for secand melor
A03 (C1 Mux2), (Mep 162, This step is performed by iter-
palating dats l_'m 0 s Jook-up tahle, desmbedm Garther detail
Below, thet contains optiswd torque (Lo, T1 and 12} and
optimal s vajres (Le:, Plopt and F20pt) based on vehicle
spoed and tatitrequesies forgae, The temporny: forque val-
ues set in step 1603, baged on the leok-vp fable, wee the
cotpired Qe maximune available tomue wlies (sep
1603} calenfated by forque limiting wnits $503 and 1505, 1t
e tomporary torgue valties are loss than e aaximum s
dble tonjue values, thea the temponiry toeque vakees age ot
put as C_fongqitede (fisst awotor) and € torquee (seoomd
motard; if the temprracy tongae values are gredter han the
maximusn svailshle forque values, then the mexina ﬁ\mi!»
able tarqee valbues ape odgl 52 C_ torquels and C_torguele
{Bteps 1667 and 1609)."the fuk command values for the fu 31
aodor, Lo C_fiunl, and e seeond motar, L.e,, Cuk?, e
afso outjs in step 1669,
10070} FIG. 17 Blustiates the prefercesd algorithm wsed to
generste the three-dunensional lookip iable nfitized by the
apiinal Guque spli uais 1507, Tu slep 1701, a fiest loop 35
initiated in which veliche speed, W, 3s stepped tarosgh Jrom 4
m,unmn (RSHES \Smm {0 @ MIAN IO ¥ »h.e Wimax, i stejis
\‘ I .

Lot s By

ting the desired combrined

Sep. 2, 2610

tatal vehicle torque, T, is stepped thnough frong i miniouim
value, Tanin, o amaxinivn vaie, Tivax, insteps of Tsiop. In
steg F70S 0 thind Joop s initied in which the torjue ofthe
finst aotos, T, i stepped theough fom a miginung mh«,,
Thmin, (o amaximaun vahee in aepsof {istep. The maxinsm
calig in step £705 is the smaliey of ¥ lumax and T

(D071} I the pext series of sieps, sieps 1707-1709, the
aptisnan flux vafue, Flopt, fop the first wotor 681 {s deter-
miteed for ench value of T3 Inhially, fr x givon vahes of T4
the fizst motor fux Fi s stepped thoough frowm g minfemas
value, £hmin, 10 a waximug valug, Flanx, ia steps of Tt
siep. Thentar each vaine o 1L and #1, a vahue for first motos
mpwt pawer, PI, is calculated, Next, Fropt is detersined,
based v achicving e quindmmn npd power, Phia,
{BO72] In the aext sedes of steps, steps 17131714, il
optinm Nux vatue, Flopl, for the seeond mntor 663 i defer-
arined for cach value of T fitially for a given value of 11,
the correspordding saiue Iorthe sonque of the second taoing,
T2, is doternnned, where T2 is squad o 1 aisios T Then the
secondd anator Moy F2 s sicppast dhrovgds from « mininiim
vilue, F i, to o maxitsnr vidue, P, iasteps ofF 2step,
Nexy, ihe value for the secomd thotoe fsput power, B2, is
celeatated for each vatuz of 12 and F2. Lasily, Flopt js
determined, biswd on selieving the sisimun input posver,
(DI

{0473]  Ta sten $748 & udnimun iotal nioior input pover,
Puis, is eatenbstesd, wheee Pruite is squal to Plain plos P2
mir. Next, the saatlest Prein 5 foawd for the vafee of 71 for
this pantenlar iterationof the T3 loop. (Siep 1737) Lastiy, foc
the vavadlest Pménand the cozeent T and W, velues for T1, T4,
71 optand £2aj awe ovtpare, (Step 1789

{0874]  Thetraetion contead conmmand genesatfon unis 1509
pmvide-s weveny funclions. As fapu, data from each wheel
2. sesons 130341306, is fod into unit 1509,
-\xlflmnnahy, S8 h\\m‘nblnu.lumy(\\l sensar {309, seecnd
srsor L33, anid stecoing sesor £33Y are inpal
Feontrol cupunand enestion wit.

{0075) U\mg, this dota, wiis 1508 calonlates vidiilz spocd,
C_rspeed, swhich s dapt into the vohicle terque commans
geaeration vt $504 as previously mted. Unit {509 a}so uses
tha mater speed data to provide eotoi cliecking,

{6079} A prmwy fuclion of anit 1509 s o calenlate
wheel slip rativs, the wheel ship m!m befng, the difference
between the whisel speednd thevehicle spead, divided by the
gromes of the whee spoed and the vebicle speed, After cal-
culsting the wheel slip vatio as a fonction of vehicle speed, a
whieel shiy mitio § orlenlated. The widel ship ragio nst foke
info acoom that wheels 60 amd 611 of axle 608 rey expe-
ricnee difforeit degroes of stip, and tuis exhibit difecent stip
ratiox. For a linsied st ifferontial, aud in nrost othee cases
s wil, preferably the bigher of the wo wheel shp wutios is
takea as the wheel stip ratio Sor that axie.

10077} Inonder lo detennine iftae wheel dip rutio s greates
thau desived, the wireel sfip rationsast he compaved 1o & torget
sheel ship vatio conginined within & lookup tabl Soakug
table. provides farget wheel shp etios as a fonctianof spesd
aud steering angfe. The Tonkop talte con be based on welt
oWt target watios or, as is prefesed, dused on test dils
sbtaraed for fhay particulas velsicle nud vebiele configusstion.
The difference hetween the compated wheet slip ratin and the
et wheed slip nifie yields the computed stip esror, soferred
30 Renoda s slipumr” T(\ provai mnﬂ(»l clm{tel p:e ~er-
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forans withowt depasing from the spivit oy essentiad charas-
teristies tharcef. Accordingly, the disclosres and descrip-
ticns heveln are futeuded (o be ilusteative, butnos liwiting, of
tie soape of the inveation vAinch is set forth ia the tliowing
claty,

Whin bs clusined iss
1. An electiic vehicie deive system, compeising:
a dyive systesi, comprising:

a finst electric motor, said fisst clictric motor mechani-
cably eoupled o g vehicle drive axle, wharein said st
electie awtor grovides pragulsion power 10 at feast
one wheel of said vehicle drive axte;

@ fiest ower vouteol modute eleelneally connzeted fo
saied first eleetric motor, said fivst power canfrol wigd-
wle confipred 1o roveive fist motor wsgie cosn-
sands, and s st power controf modude config-
ured fo control said first eleciric nioty based on said
fical water fonyie cosunands;

a second electric motos, said second efectric motoe
meehmtienlly vouplod fo said vehicle drive axde;
wherein said secad chectrie motor provides propul-
sion. power 1o said at feast one whend of said vehicle
drive axfe; and

a seeond power contral modide elaenicatly connected o
satd second efectnic mator, said second powey contn}
mndule configneed fo reecive seeond motar werque
commands, and sabd second power contend madule
configured s comrotsaid sccond gleciric motor baserd
on said sueosid miotor urgie cofanands;

at foost ohe wheet speed sensar; il
3 tonre vontrod systets eledigeatly counected to said fiest
and second poveer contral ntodales e to said &1 feast
une wheel speed sensor, wherein geid torque confiot
systom dptpus said Brst smotoc orguesonpands o said
fiesd power vanen] modele and onfputs subd second
mator forque commands to said second power control
wwilnle, wheren said torque conto! system Bubiee
CORpITSES
3 traetion conten consmand generation it for compat-
fiag vebicle speeid, whice ship raties correspaading to
sad at Jeast one wheed speed sensar, nd 2 shp evror
comespanding 1o said vehicle drive axly;
wiorgue split nit for computtag i epiimal torque split
holween said first nistor and said second morer based

s velicie speed agd « otal vequired diive torque

wigtest, whoeein soid optimed torque spiit comprises

an aptimal first ot orques epest aud a aptioa
sepond molor torque veguet,
& traction contel Uil COMPASIRG:

a finst singe Toedhack contivd syston for minmizing
sid ship croor;

s finsttorgue Biniter {or ransforntag suidoptinaf fiesg
meler forgus reguest e sai Hral mater sonque
cormenand i responass fo anx eatpnt fram said finst
stage feedback vontrot sysien; and

a sevond lorque finser for ansfeoming suid optinid
second motoy forgse request into smd second motay
wsrgue-covasand b response fo said onipwe fran
skl Aot stage feeddackvonteal systes.

2. The cicetric vehigle dsive systemn of cleim §, wherein
suick forque spht it eycies ata ficst frequiescy, wherein said
waction contol wult eyeles w a sexoml frequeny, and
i second frequency s betwesa 30 and 31 fimes

23
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4, The dleotric vehiicle deive sysiem of clein 2, wheosin
ikt firs) fezquicney is in e range of 100 Heto 2kilke,

4. The lecide veliicle drive systew of cloim 1, further
comprising o least one ist mator spead seasor aud df Jesst
otz second motor spedd senizor, said teaction coutrol ynit
fiardhier comprising a second stage feedback costrol system
fur minigiting Srstmotor speod Fust dishirbances and sccond
wesyr spead fast dishrbances, whercin said fiest torgue Jm-
fler operates in respose ta said untput from seid Aint stige
feadback control system atid an nutput from sattl seconid stage
feedback control systemy, and whereln said secotd forgue
Sngieropemtes inxesponse o said ouput From satd st siage
feedbuck content sysfom and suid owtpas frovs said second.
stage fredback controd systm,

&, The clectric yehicle drive systeat of claim £, said fractien
contzol nst Tordtiee conrpeising % forgue Soost thadtforyant
canteol siendt, whensia said nrque hoost feedforwasd contiol
ciropil acis on said onput from sidd finst stuge feedback
conted) systen,

6. The electeic vebicle drive aystcmolclaim 1, suid orqie
cosston] systen furthey conapeising a vehicle orgre command
generalion unif for compuding, waid lotl requized drive losjue
resquest fom said vehicle spead and from 2 plusadity of usee
inpat sonsors, saidd user upw sensors comprised of o brake
sensor aad an acesierator sersor.

7. The electric vehicle deive systeur of daim 6, wherew
suid total yequired drive fowque sequest is Hirthee computed
Fomastabifity conse wauest generated by 3 vehiele sibility
contfol sydeds,

& The electric vehicle drive system of claim 1, Rurther
wesmpising:

u fiest suedar speed senset;

3 Fiest HO10F ICHIEREY SER01

an secand motor speed seisor;

a secarsd Holos W PERIRIAS SEBSIT; an
ity saisd e conteel system fugther conprises:

2 fist totgue Hmiting noit for compuiing a fiest mowr
wgctnum availible wige, wherein said fisst wrque
limiting unit 35 coupled to said firit nudor spesd and
RIS STHROLS!

s secsid torque Hnittig ot for computing asecous mieioy
mazimuan avatfable torque, wheneii said stcond e
timiting unitis conplicd to said seaund motor speed and
FepeRIE Seiun: and

vheria said fisst torque Timiter Thorits said fist moter
tosiie cosmanue by said fiest @otor pagxinnsm available

and whoreln said second torpe Liniter Hmits

socond mator torpie coamnand by sald secosd
motos prdnw available ongue.

Y. The clectric vebicky drive systemt of claim §, further
comprising:

a first paser conteol module waiporatuce sensos; wherein
sald first sorquee fudfing, vt b conpled o said fiet
powes cantaol module femperahwre sensor; aud

a secand pawer contest modihe '\en\pemm;rc ZONSHT,
wherein soitd secomd eque fimithig unit i coupled 1o
sid second pewer control module empershue sensorn

18, The cheteie vehicle deive sysfen of chaim 8, further
voprising:

2 Brstenerpy stompe systent {ESS) conpled to said primary
power canirol nsodule;

3 first ESS temperatue sensor;

a st ISH voftage sensor;

Petitioner EX1007
Toyota v. Bunker Hill IPR2026-00250
Page 364 of 798




US 201070222953 Al Sep. 2, 2010

cimpting 3 seeand moir waximum xekible e
basad on capat from saicd seeond motor speed secar
andd sated second wotor taraperatu vensor; and

Hutiting said eptimel second wotor taopse roguest by said
second motoy maximun available torque.

21 The method of elzim 26 fucther compising the stops

nosoring i st pawer control mixhide tomperature sen-
snr, saidd fiest power confaol module tlemperatire sensor
su thermal communication with a fisst power contust
wodule, ssidfirst power comeol module electricatly von-
‘pecfedd 10 said first wotox, wikrein said BrsOnotor masi-
munavailabls torgue eompatieg s(ep 3 further based ox
eviput from said fins power controt module iempertue
sonsory and

monitoriag, @ second power conten) module Empentes
gensay, said second power cortrol madule temperature
sensuy i thermal conmninication with o secomd power
cosirol modihe, said second posver contenl spodute elec-
tricaily conneciad to safd second motor, seherein. suid
secett motor maxhasm aveilable orpe compting
step iy fisether basest ot ovtpas Srom suid second powesr
conteol madale kemperatue: sensey.

22, The insthod of claim 20, fusther cosupeising e steps

(1

aft

mlepitericg a et ooy stomge systea [LSS) mpugas
fuire senser, suid HnUESS emperatsre sensor in theqsad
coynemtinieation with g first E8S, s fisst T8S electii-
citly Gonnecied 6 ¢ fiest power conteal modute, said firs:
power contei trodule electically conmecied to said fiest
ok

snonitertig a first FSS

watifoing a fiesl ESS cureent sensor, wherein said first
Lot maxintan avaifable lorque computing step s i
ther based on ontput feom sadd first FSS zexn;\emune
sessor, said fivst BSS volfage seosoraud said Bist £58
eurrant SENSAY;

mopitoring s second B33 temperalure sensoy, sidd secoid
ESS temperatune sensae i thermaf comruasication with
asevomd FSS, said second B85 elecirically connscted fo
asecussd powec controt miodule, said sexand power cos-
teol madie clesiricatly conmected to said second smotor:

S voltage saisor;

g « second BSB valtige sensor; and

wiegii

nwoitoriag a svennd S8 current sensor, shicastu said vee-
oid moter masinm available owue compntiag step s
further bused o euput faem sand second BSS fempera-
fune sensor, suisd second B85 valtage sensor and satd
second BRS clirrent sepsor,

23, Fiw method of lain 20, fonker compriziag she stegs

of!

wonitoxing an cierpy stormge systom (1 §5) temperature
SONHOT, 4 i ¥SS tenpennarg SEHSOL '1!51&*1)11&1‘.\)1111111(
tucation with aiz BSS, vaid BSS elecirically coniectesito
& fizst powes vontol mndale and 1o a second st
centrol mochte, said fiest power contzo! module efectri-
Cally caaected fo said first rmoter, said second power
conteod modile eleetrieally comeciead 16 said secont
moto;

manttoring sn ESS voltage senser; and

wonttoring a BSS cueront seusor whegedi snid flsstuotor
i avslable torgurconpiting step and said seo-

anepn A DU ) ales

a3 e

e uthies based on-owtpat hom ssid BSS teperamre
‘ss_nm said BSS voltage sensor and saidd £8S clurept
Senuer.

24 the methed of ehsim 17, foxtier comprisiag the steps of
minimizing first motor spoed fust dishirbances and second
mater spoad Tast disturbaces nsing a scvond feedhack pon-
ol system implemented by said swetion coutre) unit,
whegeie said steps of teesfonuiag said optimal fiest motor
tarque request tto said fiest aeior taegue connmaid and
wansforming said opiiniaf second metur lorque request o
st seocint etor torque comsdind any hsed o suid step of
minieizing said slip craor and hased en said stop of reinimiz-
ing said first motor speed faat hstirbances atd swich second
mvtar spect fast disturhances

25. Vhe siethod of clain 17, sepe) Rurther compeisiog e
steps of!

wonitoring 3 ot ol lempensie senvr,

computing  first awotor axinnm awilable tergue based

oneimput rosysaid fivshmotor speed sensor and said fast
SBOLOT FRMPIVRIE SONSOL,
il fisst motor toxgtie comuand by said St
oy maxiuum svailable onue

m:mit,ormg‘ a1 seeund mster (n(upt.'(,nm\‘. UGS

ccinputing @ second moier i avadlable onpie

et on outpt from said seeend motor speed seesor
and satd secmrd matiy tewmparitore seasor: aikl.

imiting sail sovond mutor tesque commargd by said sec-

onrd mglar eKimium available orgie,
26. The method of claing 33, further comprising e steps
of:
mn,ulormg et poveer contadd inodule teasperiaee son-
sor, saidd first powser conten module tempersties sensnr
in thennal comyarudeation with a ficst power conteol
randule, said primary pewér controt oxsliute electsicatly
couneeled 1o said fisst moter, whersin said first notor
i available tonque commeing step 15 furthec
basud on output Bous saisd first power comyol modude
tempecalre seasov; und
woniiing a second pawer conirat motdele temperainre
sensor, soid sccond powey contr! woidule temperiinre
sexgar i thennal comamnication with a second powes
conted imoduis, said second power conind madalevlec-
tricuily cantected o soid seeond awtor, whereiy said
secondd motor makinnun availabie tore vamputivg
step s fnthee based on cosput fronm saidd second poser
contrul madiie lempisstire seasor.
27, The neethead of el 33, Auther conyising the steps
oft
moitoring @ first eneigy storsge system {HSS} teppera-
ture sensor, saith Srst LS8 tepmporature sensor inthcnal
vatstmicadion sith a fiest BSS, said fiest 7SS ofessi-
wiily connecterd 15 u fivst powercoatos) modute, said first
power centeol iadike elcefrieatly connceted (0 said Girsi
Ren

moitoring 1 frst B8S «aliage sensar;

monitoring o first BSS current seasor, wherein said fisst
ror manimun available o commaging siep is fir-
tiey hazed on outpwl Do said iy ESS teawpemtuce
sensir, suid Hest ESS voltage sendor aad seid finst BSS-
Qurrond sepsor;

monitoring a second ESS tomperature senser, sai) secand

N femponbure seaspt in themm( caniimn iatianwith

iy
AR
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POWER SUPPLY SYSTEM PROVIIED WITH

A PLURALITY OF POWER SUPPLIES, AND

VEHICLE PROVEDED WITH SUCH POWER
SUPPLY SVSTIM

TECHNICAL FIELD
{6003} The present wvintion whites 10 an elecicie power

supgy systemowith a plinality of eleclie power sipplics and
2 vehicle pravidedwith suchat clochizpower supply systear,

BACKGROUND ARY

J0002] i reint years, efectsic astomebifes and hybid
automobiles driven by notors using electrie power supplies
such as i fel ceil have bean develaped. A fuel cell is a cell
shicit oblaing clectic eacrgy by, for example, sepplyiag fiel
s stch as Bydrogen and axidant gas such a3 oxyon to an
electwolytc Tim. The fael cell hay 8 high power-geinemting
Siciency, and has attracted itention as an enviwmmentilly
friendly clecteie pewer suppl)

B I some caxes, vehicles wifls 4 fuel celt ave provided
with @ battery weeh a1 cecondary cell i addition to the fiel
cchl, In considaratinon of possible Ings vl electric power supply
Brom the fuet coll or of redueed sesponse from the fiizl ol
Por exanple, me ehociric powver supply syatem having a bat-
ey cosiectedd & motor 8 pasatlel with 2 fuel cell has been
discluset Inosech & ease, swhers a buttery is d‘:sm\‘m‘i it
aenerally

pexatlel with 3 Red cell, a DO conventec
provided hetwaen the bastery and the notor for matching the
vodtagos of the fuet coll wnd the bastery v R reteioning
repenvusted siergy,

DISCLOSGRE OF THE IRVENTION
Obfect of the Tnventian

{0004} In the wlove doseribed hackgrownd agt, elesiie
power 1§ always supplied fow o baftury to @ molor via g
DD converter, Purther, o many cases, whes repeserated
cnergy froma aotor s cecovered inthe attovy, cleetric power
13 retrieved vin the DU-DIC convesser. Instiels 2 confiptsation,
3 power losy ocours al the DU convener, which gesfuces
the vehicle eRicidneyt

10005}  Moreovey, in the ¢ven of a vmifunction in a sei-
sonaductor elerient i i DOC-DC converizr, an aufput of a {nel
i or latiery wmay bieame abuonneily high, mecasing the
liketitroned thue ar abnoemt stk will uecur i the fuct ceft or
Battery. Yor exaueple, when o batiery isconnected (0 o siotor
audy viaa DC-IC converter and operation ofbeth the DC-DO
canvertee atd the fuel cell are suspended af the sone time dus
trsuble or matfonction, & problem ocoms ot the sispeasion
af eleciric posey sxnp!g ) A matar disabies the vehicls,
[U806]  Sa obiect of the present fuveution js fo provide s
eleduc pawer sopply sysiom and a vebicle provided with
sncfi an electric power supply syalen wiiich resalves at teast
anaaf the probles of the shove deseribed backgroand art.

Meaas for Achieving e Qbfect

J00A7]  An aspect of the proseat mvention is an clestric
powey supply systens which inchudes muiiple deive motors,
an cleoie power convedier for consesing 4 DO voltags,
aneipleclectric power supplies with onsheaily ditfeveat ont-
ptvoltages for supplying electriv pusver to the vasltiple diive
meiors. Bachrof the e!eum pom.r aup;,lm ia unmcucd o a(

e of the poaki

pwer converter, while afsn belng cumizcted toat loast eae of
The sneltipic drive wiofors via the electic BOWEr comverer.

HRIEF DESCRIPTION OF TIES DRAWINGS

{0008} FIG. & s a configumtion diegram of an clectiie
pawar supiply systent secording o an embodiment of the
presel invention

[BORY]  PIG. 2 bs e fow chirt showiig aconttol ol auelectrie
power supply system geeoding fo an eathodinent of he
Prosent isventient.

{0014 FiG. 3 s e diogeam showing n mlatiu\\slvip sehwveen
sutord gowes ant efficiensy ofu general clodtiiv power sup-
pl)’.

f84£] FIG. 4 iv a Bowehart showing @ process i ag
cmbodinest of the preset snvention in the event of & wmal-
fimetiow in an electeic power supply.

R G S is a fowchaa showing a process i an
embodiment of the prosent fnvesstion i the event of 3 wal-
Fanction in an electne posver suppiv.

{8813 PIG. 6 is o confignration diageaum of a modifiad
eleetric power supply syston; according to ag exbxliment of
the presend inventios.

{0014 FIG. 7 s A confipueniion dingrans of & wadilisd
clectric power supply systens seeonding fo nn embodiseat off
ihe presust invention,

BEST MODE I'OR CARRYING OUT THY
JRVENTIOM

Coufiguntion

[O815]  Asshown i €16, 1, an cJootrie power sty system
168 of oo csholinient 6 the prosent invendon i condigired
to inctude & list electrie power supply 18, 3 secand eleciric
power supply (2, @ volage convester 14, = first mverter cireuit
16, a Rest motor 18, & szeored fnverter eiccuit 28, 3 socond
mady 22, gid & conirof clrcuis 24, The elestic poser supply
systent 190 ¢an be appliesd w a velizle which is diiven by
esing atfenstone of the Hrst motor 18 and the socend motor 22
a8 a duive sawae swith the first electric poser supply 10 and
the secti) eleetrie power sugply 12, Theconfigimtion of this
embadiment can e atso apystied 0 2 bybrid autnmobite peo-
vided Tartlier vt an cogine.,

0016} The st elevtric powee supply 1 is o DO power
suppiy swhich in s embodiesent is used % 2 priminy power
saprce Tor the electsic power supply system 100, The fist
clectrie gower supply (8§ can b a fuct cel} which obtains
eleckic enoegy by supplying G pas such as hydrogea and
axichat gas aeh as pxygen to an eleciraiyte fim. Apphcable
types ¢ fuel coll inchide polvmer eleotrolyte colls, phospli-
Ae-asid cefls, walten cirbonate cells, or fhe ltke, but are not
limited 10 these types. As the first electde power supply 16,
viirjaus fypes ¢f electric power genecation means (such as an
engiue-driven cleetric peneratory which Jwve sulficiens
cepacity for stable motor deiving ean be applied.

0017] The firstelectie poaver supply His configured such
st sugpat pawer can be controlled sisieg a coutiol sigimst
from !he contial clrvnif 24, Tha owlpwt power can be cod-
welfed bya conventional contwoling method; forexample, by
coutolling Tactors such as the amound of fuel gas or oxitkant
gas suppdivd inte the Bst electae power sapply 14, or ihe
water content of the el it oF oxident gas. Funher, tite tirsl
pumu a\\pph’ IQ ix provided with a voltage seusor,

e T
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whetber the respired electis power W calwlated instep S10
is within a predeteonined high-ofiicioncy antpst mnge W .
'The agtpnt: eney relational table of e find electds
power supgly 18 is prefesably measured aud staned i the
wemory i advanes.
{9030} Gensally, ontpnt pawer and an efficiency nfthe first
electric power supply M refaie as shown.in the graph ot ¥16G.
3. Fhiat is, o an ottpit poter range Jower than the meximusm
efticicasy poim, the eflivicory grulwdly incecases us owpul
power increnses, while hiy anoutput power sange Bigher thin
the pusihiwn efficiensy polit, the efficiency 5 gadually
reducesd ay ovtput power invicases, A suipul power tange
biglier than 2 predetermined efficiency 5, iy defined us &
High-efficiensy supnt range Wy 41 he st electric potter
mpl\lv 1@ isatuet cell, the bigh- emrwnvyuntpuu age W, oo
is preferably in & vange of 7% 10 36% of the maxianmynnlpus.
{0038 The casirod civenif 24 instracts fo proveed & process
1o step SE i the rquired ciosfeie powsr Wy s within e
produetergyined High elficiency range Wy, 10 step S161f the
rexquieed electoie pover Wy s higher than the prederermised
bigh elliciency mnge Wy, and 16 slep B18 1 the requived
electzic power Wi is lower than the predetensived bigh ef-
cicacy range Wooe
10052]  Atstep SI4 e st oty 18 5 driven by supplytag
vlpetae posser from the fist electric poser supply 1. The
conf cirenis 24 fosteucts the first electric power supply 10,
by sa ing  copinod stgnad ko the fiest electric powo supply
10: fo supply DU power ol requdred elocteic poswer W fo tle
tirsy fnverter cleeulf 16 beaise the reqaired electric power
Wy is within the biph-efliciency outpst rnge W of the
fiestetestuls power supply 10,11 the fiest eiv_dm power sapply
16 38 foed coll, o contrel eqn be perfenmed so thai ihe
requine] clectrie povioy W is owpal, foy example, by con-
trolling i flaw mite of fuel @ or axtidani gas, ‘The finstinverter
cireuit 16 convts ihe DC pawer i three-phase AL power
Leture supplying the declyic power to the fisst miotor 18, e
thids way arecquirod drive free b supplied S 1he fiest setar
{8,
{033 I this process, bocavse the eloetrin power s sup-
plied without transantssion (hrough the vohage converter 14,
the reduced efficiviny cansed by power consumption ut the
valtage converler 14 can be avo.\\(‘v.
{6034]  Forn Joune swheel drive vebiclz, the secomd motar 22
aay be diven by suppiying cectde power fiom the first
electrie power stpply 10 vin fhe vollnge convesier 14 s
requined, The control citvuil 24 then divizibutes ontpit power
Ao the first 2leetric power sppply 10 to the first invirer
cireuit 16 and 1w the second toverfer clveit 20 at g dosired
zalio by conttofng 4 volfage convesion of the voltage cont-
verler L, B aueho case, because vlectdie pewer is supplivd 1o
the second mator 22 via the voltage converter 14, 5z ovenal
afficiciey is fess than when only the fisst niojor 1815 wsed.
{uaas| Punlier, clostric gawer icessively supplied from
the fiest electaic power suppiy 18 may e vsed fo recharge the
second electric power sugply £2 vip the voilisge converter 14.
Hegenerated encegy fom fie fust mator £8 may be sia usesd
to recharge tie sepond cleciric powaer supply 12 via e volt-
agR ey 4,
{0036]  AtstepS16, Criving in perfonned using both the first
slectric power supply [0 andilie szcaund electric power sapply
12. Thatis, eleciric power is snpptiod tamultiple drive wioios
trom mu!xi‘p!e eleatyic power supplics in such & maer that
the maxismum \mlput volfage of s umitple clectde

Aug. 5, 2010

canverter. The controf circuit 24 assipns thezaquired elrclric
power W tor onipnt ta the fiest elecioic power supply 18 s

(o Ul sevend electrie power supply 12, becase the required

eecinie posser Wy i highes than the high-efiiciency eowtput
range Wy, of the finst electric power supply 18,
Q% For example, the costsol ceuit 24 msiivets the
secaud electeie power sugply 12, by sending  conted sigd
to the seeond -elestric pawer sopply 12, to output the maxi-
s cntlgsil valte Wy, o which can be ontput by a combi-
sission of the secondefecieis pover supply 12 and the secand
ator 2, e sukinom eutpii vake W, o which canbe
oniput by 3 combination of the saond wleclric power snpply
T2 and thesecond mowor 22 is preforably measured ipadvance
and stored i 1he menory of the contrel cireiit 24. {f the
seeetd cleetale posersopply 123s nsecoedary eelf, the i
s onipt vale W, v sy be paaforably determiined
based o chorae status, because the maxinnw vuipnf valve
W o g 0y chinges depending an thechanze stafus. For exmmple,
@ relationsinp betwees @t autput voltage wpd the maximtian
apiput vathue Wy o s pn‘l'emblv pre-measueed ead stored g
ativance. The conwrof eireuit 24 can sdefermise the proximu
oulpuit vakie Wy, o bused os e otetput valtage of the second
cleetes peswer supply 12, The second itvertor civeuif 20 con-
veris DO gower to three-phisse AC power before supplying
tha cleciric power s thesecond meatar 22 lhc controf eteeuit
2 {ostacts fhe tirst electric powe ;10 by seuding a
contred signal 1 the fiest electric powes supp%_v 10, {0 cuiput
poveer W, which is a difference obtained by subtracting the
maximd owpnt vahie W, o from e eaeed clucdce
power Wy, The first inwater cheudl 6 converts DO power s
thive-phase AC power before supplying fire electric powerto
the wofor 18, fu this mautien 2 drive foree cosrespositing
1 the reuired elécteic power Wx s supplicd from e Hest
wwfor 18 and the second molor 22,
H838]  Conwrol may afka be relerably pesformed ig the
following manner. The control wircuit 24 stracts the Hist
cloatric power supply 10, by seading & contol signal 10 the
fiest ohexiiie poser supply 18, o ouipal the maxhiom e
cieney power W, with whiclihe elficiency ofthe fint electic
powersupply 18 ccactios maxivinios. ‘The fiest inverter chaeud
16 copvests DU power to three-phase AC poswer hefove sup-
plying the electiic power to the fitsi motor 18, the contot
cirouit 34 insiuess the second clectric poveer supply 12, by
sending a copiral sipaal to the second efecttic power supply
12, o cotpud poswer W, which i a differenie obinied by
subleactiog the maximune efficiency power W, Tom the
reguired efectric power Wx. Hlie second inverter ciscust 20
epniverts I power to throeqpliase AC possee before supply-
ing the clectric power to the seenad riwkr 22, Ir this way, »
dnvefopce soraspodding 1o thewesired elrelsic poveer Wi is
supplied T the fiest nuotor 18 aud the sceoid awter 22,11
the peser W5, is grenter thay the maximmum cuiput value
Wz raor which can he omput by & conshination of the second
clwt'h: peaver supply 12 and the second inotor 22, the exees-
ve efeelric posver sy be sasigued to a combination of the
flm ehoetric power supply Kyaad she st ooy 18,
100397 With ibis process, because ihe eletitic pover can b
supplied while avoidiug the voltage conveser 14, 3 drop i
efticiency vaysed by power consmuptinn ot the voltage con-
seder 64 can he avoided.
{16840]  Costrl is prefesalsdy pecdinsed i such « mamer
that titc maximoi d}}uiemy canbeobtained by thesystenrag

avimte by ai\mﬂ itoaccoun the siny l(‘celloﬂxc&nv) c,fthc
fed iyt v
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mumoulpwd vakie W, . 1T s determined that thevequinsd
clectyie power Wy is Jess shan o eqat & the maximeas oudgsit
varlit W a5 40 the conteof circunt 24 astruets the second elee-
teie power supply 12, by sandinga cenirolsignal tr the seeonl
clectric power suppis 12, o sapply DU powar of the pequiired
eleeteice pawer Wx 6 the second iaventer cirenit 28, T thoe
reguired clectne power Wy is geeater dian the maxiouun
cutpud valne Wy, o e contiol ciicait 24 fivtructs the see-
eand eleviric power supply 12 by sending a conteal signat io.
the sceend electeic power supply 12, @ supply the DC powae
aof the audmuem oulput vaiue W, {0 the second inverter
cirenit 20, The seeond inverter clrewit 20 sonverts the DC
powes b thiree-pliase AC power betoes supplying the elzctde
pawer to the second wotor 22, I this manver. as long as the
secone] elecivic poser sipply 12 can supply mﬁclmxc! setein
powaer, a reguited minha drive foree can be supplied frow
the second mntor 22,

{00881 In this pogess, beesuse the electric power ean bu
supplied withoul psing the vallage couvedter thamefticiency
drop eaused fy povier conswmption a3 the voftage eanvener
14 can b aseided, toreby enabling an eftivient emenzency
process in the event of equipment tonble.

trowble cuat

Aug. 5,20610

power {o the fest motor 18. In this way, wrequired winimm:

devertoree can be supplied from the fiest motor 12,

{MGU} t this grovess, because the efectriv power caut be
spp Hed white avoiding the voltage converter 14, the nedugs
sion inefliviency cansed by poveer comumxpﬁm\ 3t the voltage

emperier 14 can be avaided, wsaling 3 & more efficfent

epsergonsy process in the event of amatfunction. That ¢

iy ane of the eleciric power supplies, electric
nves b supplivd info 8t Joist one of die drive motors froma
sarmally-operating elective pawser supply smopg the maltiple
viechie power supplies, Thivugh this process, the elestyic

power is sepplied prefesentially o a drive metar which is

corngeted fo i sozatadly operating elielee power sujiply, vof
vin the wolfsge eonvennr In this way; if multiple electric
pawer supplies are requised o e stopoid, at et ove drive
mutor can eantinue o be dives By supplying clhcine power
Tromy anethier eizetric pawer sutpply. Al in this case, by
driving ¢ d e molor which is connected to a nosally-

sperating e powar supply while avaiding the veltage
cosverter, # foss nb the voltuge converter Cut be avoided.

Fxampie Modificiion

0051]  The presemt juvention con be applivd to an eleetric

.]‘“’fsl‘ff N');; e C\"m,’}‘ef% ?”“."‘;‘ i MIL “};’f”; 70 d ?im‘l povier system and w vehicle having tva or more dectric
el RUL H it NN VDR Y, A A P s - 5 e F

dRclist am WC SCCGRG Geene Jower SUpply FEEEDC e ctes. Porexmaple, ag shown iz VIG 6, e prosent

exnluited by refoning o a favelart showa in PIE 801 the
mitpat pover messirement sigaat received frops the scead
clectric powey suppiy 12 Is preater than or equal to the pre-
deteenined abnonma) theeshold value W, the cosvol ¢ie-
cuit 24 starts the control delow. Sueh a madfunddion may
acenr. fr example, when a senicopduetor efeszet included
i the valtage convester 14 mathactions.

B8] At stop S0, outpue fom the second clechic power
supply 12 halted. ‘The controlier 24 determines Gt @ mal-
funetivn has noonyead in theaocond clectrie posver supply 12
if the catpat power from the second elecitic power supply 12
is preater thagor ul\"\l to fhe gadeerosined aboormal thresh-
olid vadite W, ol sends a contea! siguad 1o he seoondt
electrie power suppls 12 fo stop te ontput fram the second
electric pawer supply §2.

{80581 Avsiep S42.ihe vohage cosverter 14 is stoppesd. The
cunteadler 24 sesds 5 stop signal o the volfage conventes 1o
suspead the voltage conversion v ife voltage converter [, I
this wanner, the secand mofor 12 which is connecied to the
sovamd sloctic power supply 12 ned via fe voltage coaverter
14 1s sloppod. At step S, the second fuverier etz 26 is
stopprd. T contrller 24 sends 3 sp signal ta the secon
inverter cheesif 28 to suspend operation.

0638] At step S46, the first mator 18 is driven by eleetrie
power supplicd from the fims eletiie poswes supply 9. The
conten} cirvnit 24 detenmines whether o not the requised
eloctzie power Wx is fess thag or equal (o the maxinnu autpus
value W o, Hthe required eloctols power Wxos lessthartor
equal o the maximut ouiput value W, o, the conizol cie-
cirit 24 instracts e fest efectele powee supply 10, by sending
a contrn] Signal o the fnstetecteie puver sugply 16, o supply
the DC poweer of the mequired electriv puwer W o the fisi
inverler cirenit 16, (e vegnired dlectric powver W is greuter
tha the naes it ouipt viine Wiy ;4 the conteo] circuis 24
fasteels the fest clectrie power supply 14, by seading ©
contn} sigaal fo the finst eleciric power supply 10, h‘mu;\ﬁ!y
\he D powe Qi‘themuxiuwmouspm vafus W, fo the first
cpir HELE w[n\l erer Gi mll(l, soverts the O

ivention can be applicd to an electiis pver systews £62 {n
which e cectric power supplies 18, 12, 26 are copnzsted
cachy other via two voltage converiers 14, 28,

(19621 Heew, the fhivd dlectic power supply 38 is & DT
pawer supply which is pecd asan aa\tfm}' power sugy ply of
file eleckic power system 102, Ofien, the tird electdis gower
stipply 26 Is au electeiv pisnver supply huving ditforent output
valtage o the ostput wltage of he fint clectrie powee
suwphy 10, The Gird eleehsic power supply 26 15 prefoaakly «
sevondiny celt which e ehwge wid discharge regenesated
sueryy fromwmotos sad an excessive electric puwer from the
it eteerric power supply §8, The third elecirie power sapply
26 is oonfipweed o suck v mamier tha the ORI power is
controfable aveording 10 3 centrol signal Yrom the cantal
cirenit 24, The tird slectiic ;m\r:ersuppt" 26 is providad with
3 voltape setisoy, s eleciric coreent seasvs, of the fike, These
SENSONN aresshre paser oatput froeut the thid efectiic pawer
supply 26, and a preasweement signal isonipud into the confrol
circnit 24

{0063} A thisd faverier eireuit 30 is contigared 10 inshwde
cipenil for conwerting DO povaey {o thive-pltase AL pover.
o v Sverter eirenit 3835 conligered t be pble ta start
and sfop a DU-AC conseysian aeconding lo & confrot signal
fom the control cireuit 24, The third wotor 32 is & synchiro-
oty motoc deiven by B Rree-pluge AC poser. The tind
totor 3235 configrrad to be shle to b steresd and stopped
accorting (o 3 control signal fhom the contro cirouit 24,
[O64) The e cleasric poser supply 26 is connected 1o
the thind motor 32 via the thind laverter eirenif 38, An oulpot
feom the third niator 32 s fansmitted 1o an acle ofa velicke
vl g tragsmission, chuteh, oriie fike whichs vsed for chang-
g a rolationa mtio, For example, 3 six-wheed drive vebicle
can be configured by using the Jist niofor 18, sevond woier
22, ang thind motar 32,

fSU65}  The volty g ot 28 is soniigured to inclede i
1 volinge sonversion cheuis. The voltage conveder 28 is
cnuﬁn\zred such that it can ocslonpui ausd started neconding tv
3 sopie 03 stpaal fion the mm m5 eirenit 24, The s

Rt Py E
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7
2. The electdie powes supply system accanding to cleiim 1, 15, The vehiele necording to claim 14, wherein
wherein when a degoired electric power for the 3
at feast one of thie phasatity of electeic potver supplies is a smotor {s greater Him or within te b j
Qi v eoll which i be chaggxd and dischanged: put vange, thecontrotferinstascts an eiectic powey sup-
and ply esther than & fuel solf among the phuatity of stecteic

aload o suipd poweris distibuted o cach of the plugsiity
ulelostriv powersupplies based onachurge statas ol the
secondary cell in guick a manner thi ilismaxinua ot
pot posver of the secondagy cell is not excveded.

10-11. fcangeled)

12, A velsicie comapising:

aphutality of dnive nuatens,

abadirectionnd electdo poserr converter for converting a
D valtage; and

& plurstity of electeie power supplivs with mutadly dilfer-
et ontput volages for supplying the plantity of deve
Hefrs,

wherein cach of the plosality of clectrie power supplies is
compeceid 1 i Jeast one of the pluslity of drive motors
by 3 puth: that dees mot juchdde the bidirectionat elecirie
power converter, and afso to.at feast one of the plurality
ol drive o by a path thas Joes faclude e bidieg-
tional eeciric power censeder, and

shen an abnoviiad outpus is obtsined From at texst o af
the plursiity of electde power supplies, the sufput from
the cleetric posser supply with the sbaovoa! sntpat aud
liw power copversion of the bidisostionad afectde power
cdnveried ane hoth suspepded i ordse o suppiy elestde
power B on electiie power supply othier fhan the one
with the abnoreai ovlput to at Jeast ane of the phuality
uf dive mnlors Vi a path that does not inciuded the
bitlirceiional eiectric power converte

13, The veldels acoonding to clain 3, witzrein

@ et one of Me phuality of dive wunows i wsed fos
sriving frout whaols aad at Joast one of'the plerabty of
drive motors s used for drisving rear wheals.

14, T valicle ecconding fa elair 13, wherein

at ieast onr of the plisabity of clevirie power supplivs is @
fuel cell; and

aventroier is pasvided fer distribwting a foad Fir cach of
the plartiify of electdt poswer supplies insuch amenier
thas power outpus by the fuel eell is within a predeter-
mined high-efficiency otput aange.

pasver supplies  supgly electeie pawer teationstaneof
the phimdaty ol drive molers.

16, The vehicle according to claim 18, wheasin

ihe controfter instracts au elecirie power supply other than
i ol celt amony, e plusadity of electeic power sugplics
o supply electric power 10t feast one of T phaadity of
drive motts via a path fhas does not inclisde the didirec-
tional efeciric power copverter;

70 The vehivke secotdmg, to claim 18, whewin

when thie seguired efeciric pawer is ot groater Sran prexi-
nsnn omputpower of the cloctric power sunplics among
the phadity of electric nower suppliss whichare not fiel
celly, the contealler tustriicts ondy @ el power sip-
phy atbier thra s Twed cell apong the phntdity of chirie
peveer supphies to supply electric poveer tanf Jeast one uf
the pluraliy of drive ntotors.

18, The vebick secording to clatm 15, wieren

when shie required electsie poweris gremer fon masians
ouiput power of the efeeteie power supplics awvoug the
pharatity of cloctse pawey supplies which are not fised
eolfs, the sontroiler Instniets the fugd cell fo supply e
additional regoised electiic power to @ Jeast e of the
pladity of drive maotars,

19, The veliicke accontding fo chaim 18, wherei,

the controlley nstrucis ihe fired ect o supply eleniric power
10 83 Jeust otie of the pluraldty of drive mokus via s path

g <dues st ipchede the biditectional electite power
converiss,

28. The vehicle according to elabim §2, whensia

at teast one of the plurdity of eleetric power supplics is 3
secondary eelf which e be changed and dischanged;
ma

stiusd vl osfpot power s distobuted fo cick of the plurstity
of eloctric power suppiies finsed on v charge status of the
secondary vell in such w mrumey thet the maximes o
pat power of the zecondugy velf ¥ w0y exvreded.

24£:22. (canceled)
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AMENDMENTS TO THE CLAIMS:

This listing of claims will replace all prior versions, and listings, of claims in

the application:

1. (Currently Amended) A system for a hybrid electric vehicle, comprising:

an energy storage system;

a bi-directional DC/DC converter coupled to the energy storage system;
a first traction motor coupled to the bi-directional DC/DC converter;

a second traction motor coupled to the bi-directional DC/DC converter;

a transmission device coupled to the first traction motor, the

transmission device configured as an electrically variable transmission (EVT)

that comprises an arrangement of planetary gears;

a gear assembly coupled [[to]] between the second traction motor and

the transmission device such that the output of the second traction motor

bypasses the transmission device;

an internal combustion engine coupled to the transmission device via a

path that does not include the first traction motor and second traction motor;

and

a control system configured to selectively:

operate the first traction motor and second traction motor to
drive the vehicle through the transmission device and gear assembly,
respectively; and

operate the first traction motor as a generator to generate
electrical power while operating the second traction motor to drive the

vehicle through the gear assembly.
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. (Original) The system of claim 1, wherein the energy storage system

comprises a battery.

. (Withdrawn) The system of claim 1, further comprising a second energy

storage system coupled to the bi-directional DC/DC converter.

- (Withdrawn) The system of claim 3, wherein the first energy storage system
comprises at least one of an ultracapacitor and a power battery, and the

second energy storage system comprises an energy battery.

. (Original) The system of claim 1, further comprising a bypass coupling device
configured to selectively couple the energy storage device to the first traction

motor to bypass the bi-directional DC/DC converter.
. (Canceled)

. (Previously Presented) The system of claim 1, further comprising a

wheel/axle assembly coupled to the gear assembly.

. (Original) The system of claim 1, further comprising:

a first inverter coupled between the bi-directional DC/DC converter
and first traction motoy; and

a second inverter coupled between the bi-directional DC/DC converter

and second traction motor.

. (Original) The system of claim 8, wherein the first traction motor is an AC
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motor and the second traction motor is an AC motor.

10. (Previously Presented) The system of claim 1, wherein the electrical power
generated by the first traction motor is provided to the energy storage

system.

11.(Previously Presented) The system of claim 1, wherein the electrical power

generated by the first traction motor is provided to the second traction motor.

12. (Previously Presented) The system of claim 1, wherein the control system is
further configured to operate the second traction motor as a generator to

generate electrical power.

13. (Previously Presented) The system of claim 12, wherein the electrical power
generated by the second traction motor is provided to the energy storage

system.

14.(Currently Amended) A vehicle propulsion system, comprising:

an energy storage system,

a bi-directional DC/DC converter coupled to the energy storage system,
the bi-directional DC/DC converter coupled to both a first DC bus and a
second DC bus of a DC bus assembly;

a first traction drive system coupled to the first DC bus, the first
traction drive system comprising a first inverter coupled to a first electric
motor;

a second traction drive system coupled to the second DC bus, the

second traction drive system comprising a second inverter coupled to a second

..4.
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electric motor;

a transmission device coupled to the first traction drive system, the
transmission device configured as an electrically variable transmission (EVT)
that comprises an arrangement of planetary gears;

a gear assembly coupled [[to]] between the second traction drive
system and the transmission device such that the output of the second

traction motor bypasses the transmission device;

an internal combustion engine coupled to the transmission device via a

path that does not include the first electric motor and second electric motor;
and
a control system configured to selectively:
operate the first traction drive system and second traction drive
system to drive the vehicle through the transmission device and gear
assembly, respectively; and
operate the first traction drive system to generate electric power
while operating the second traction drive system to drive the vehicle

through the gear assembly.

15. (Original) The system of claim 14, wherein the energy storage system

comprises a battery.

16. (Withdrawn) The system of claim 14, further comprising a second energy

storage system coupled to the bi-directional DC/DC converter.

17. (Canceled)
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18. (Previously Presented) The system of claim 14, further comprising a

wheel/axle assembly coupled to the gear assembly.

19. (Previously Presented) The system of claim 14, wherein the electrical power
generated by the first traction drive system is provided to the energy storage

system.

20. (Previously Presented) The system of claim 14, wherein the electrical power
generated by the first traction drive system is provided to the second traction

drive system.

21.(Currently Amended) A hybrid electric vehicle propulsion system, comprising:
an energy storage system;

a buck/boost converter coupled to the energy storage system;

a first inverter coupled to the buck/boost converter;

a second inverter coupled to the buck/boost converter;

a first AC motor coupled to the first inverter;

a second AC motor coupled to the second inverter;

a transmission device coupled to the first AC motor, the transmission
device configured as an electrically variable transmission (EVT) that
comprises an arrangement of planetary geaus;

a gear assembly coupled [[to]] between the second traetion AC motor
and the transmission device such that the output of the second AC motor

bypasses the transmission device;

an internal combustion engine coupled to the transmission device via a

path that does not include the first AC motor and second AC motor; and

a control system configured to selectively:
a 6 >
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operate the first AC motor and second AC motor to drive the
vehicle through the transmission device and gear assembly,
respectively; and

operate the first AC motor as a generator to generate electrical
power while operating the second AC motor to drive the vehicle

through the gear assembly.

22.(Currently Amended) A hybrid electric vehicle propulsion system, comprising:
an energy storage system;

a buck/boost converter coupled to the energy storage system;

a first inverter coupled to the buck/boost converter;

a second inverter coupled to the buck/boost converter;

a first AC motor coupled to the first inverter;

a second AC motor coupled to the second inverter;

a transmission device coupled to the first AC motor, the transmission
device configured as an electrically variable transmission (EVT) that
comprises an arrangement of planetary gears;

a gear assembly coupled [[to]] between the second AC motor and the
transmission device such that the output of the second AC motor bypasses
the transmission device;

an internal combustion engine coupled to the transmission device; and

a control system configured to selectively:

operate the first AC motor and second AC motor to drive the
vehicle through the transmission device and gear assembly,

respectively; and
operate the first AC motor as a generator to generate electrical
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power while operating the second AC motor to drive the vehicle

through the gear assembly.
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REMARKS/ARGUMENTS
After the foregoing Amendment, claims 1-5, 7-16, and 18-22 are currently
pending in this application. Claims 6 and 17 are canceled without prejudice. Claims
3-4 and 16 are withdrawn from consideration. Claims 1, 14, and 21-22 are amended.

No new matter is added.

Allowable Subject Matter

Applicants thank the Examiner for indicating claim 5 contains allowable

subject matter.

Claim Rejections — 35 USC § 103

Claims 1-2, 7-15, and 18-22 are rejected under 35 U.S.C. § 103 as being
unpatentable over Bender (US 2006/0250902) in view of Miller (US 2007/0007939).
Reconsideration is respectfully requested.

Independent claim 1, and all claims dependent therefrom, are distinguishable
over the prior art and in condition for allowance for at least the following reasons.
Independent claim 1 as amended recites: A system for a hybrid electric vehicle,
comprising: an energy storage system; a bi-directional DC/DC converter coupled to
the energy storage system; a first traction motor coupled to the bi-directional
DC/DC converter; a second traction motor coupled to the bi-directional DC/DC

.9.
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converter; a transmission device coupled to the first traction motor, the
transmission device configured as an electrically variable transmission (EVT) that
comprises an arrangement of planetary gears; a gear assembly coupled between the

second traction motor and the transmission device such that the output of the

second traction motor bypasses the transmission device; an internal combustion

engine coupled to the transmission device via a path that does not include the first
traction motor and second traction motor; and a control system configured to
selectively: operate the first traction motor and second traction motor to drive the
vehicle through the transmission device and gear assembly, respectively; and
operate the first traction motor as a generator to generate electrical power while
operating the second traction motor to drive the vehicle through the gear assembly.
Support for the amendment is found in at least Figures 1 and 7 and paragraphs
[0027]-[0028]. As such, no new matter is added.

Without agreeing to the rejection, in order to further prosecution,
independent claim 1 has been amended to more clearly define the coupling between
the second traction motor, transmission, and gear assembly. In particular, Bender
and Miller, either alone or in combination, do not teach or suggest, “a gear assembly
coupled between the second traction motor and the transmission device such that

the output of the second traction motor bypasses the transmission device”, as

.10.
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recited in amended claim 1. Therefore, allowance of independent claim 1 is

respectfully requested.

Claims 2-5 and 7-13 are dependent upon independent claim 1 and are
allowable over the cited references for the reasons provided above.

Similar amendments have been applied to independent claims 14, 21, and 22.

In particular, Bender and Miller do not teach or suggest “a gear assembly coupled

between the second traction drive system and the transmission device such that the

output of the second traction motor bypasses the transmission device”, as recited in

amended claim 14. Further, Bender and Miller do not teach or suggest “a gear
assembly coupled between the second AC motor and the transmission device such

that the output of the second AC motor bypasses the transmission device”, as

recited in amended claim 21. Bender and Miller also do not teach or suggest “a gear
assembly coupled between the second AC motor and the transmission device such
that the output of the second AC motor bypasses the transmission device”, as
recited in amended claim 22. As such, allowance of independent claims 14, 21, and
22 is respectfully requested.

Claims 15-16 and 18-20 are dependent upon independent claim 14 and are
allowable over the cited references for the reasons provided above.

Therefore, reconsideration and withdrawal of the § 103 rejections on claims 1-
2, 7-15, and 18-22 is respectfully requested.

..11..
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Conclusion

In view of the foregoing amendment and remarks, Applicants respectfully
submit that the present application is in condition for allowance and a notice to that
effect is respectfully requested.

If the Examiner believes that any additional minor formal matters need to be
addressed in order to place this application in condition for allowance, or that a
telephonic interview will help to materially advance the prosecution of this
application, the Examiner is invited to contact the undersigned by telephone at the
Examiner's convenience,

Should any fees be due, the Commissioner is hereby authorized to charge any
fees in connection with this application and to credit any overpayments to Deposit

Account No. 09-0470.

Respectfully submitted,
Robert Dean King et. al.

By: /Craig M. Drachtman/
Craig M. Drachtman
Registration No. 73,016

Meagher Emanuel

Laks Goldberg & Liao, LLP
One Palmer Square, Suite 325
Princeton, NJ 08542
609-454-3500

..12.
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Application Number 15799045
Filing Date 2017-10-31

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor l Robert Dean King

Art Unit | 2837

Examiner Name l GLASS, ERICK DAVID
Attorney Docket Number | 273252-8

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. ? Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). ? For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
* Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ® Applicant is to place a check mark here if|
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Application Number 15799045
Filing Date 2017-10-31
INFORMATION DISCLOSURE First Named Inventor | Raobert Dean King

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Art Unit | 2897
Examiner Name l GLASS, ERICK DAVID
Attorney Docket Number |273252-8

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not maore than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the cerification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

X} any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)2).

See attached certification statement.
X The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.
SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Craig M. Drachtman/ Date (YYYY-MM-DD) 2019-01-22
Name/Print Craig M. Drachtman Registration Number |73016

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.8.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/ner designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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POWER SUPPLY SYSTEM FOR VEHIGLE AND VEHICLE THEREFOR

inventor(s): KUZE YUJ! + (KUZE YUJI)
Applicant{s}: TOYOTA MOTOR CORP + (TOYOTA MOTOR CORP)
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Application number: JP20050039133 20050216 Global Dossier

Priority number(s): JP20050039133 20050216

Absiract of JP2008AIVOTT (A}

PROBLEM TO BE SOLVED. To provide a powar supply system for vehicle and &
vehicie therefor, capable of making effective usa of regenerative powsl pipddced by a
Righ-voltage type auxitiary maching equipped with an electric moter without causing
heat generation in g unit. ;SOLUTION: This gower supply system includes a first
DCAEC converter 34 which steps down an output power from a high-voitage battery 14
to a predetermined sutout voltage and supphes slectric power 10 the high-voltage type
awxiliary machine 20 with an electric meotor, and a second DC/ARC convertar 36 which
steps down regenarative power produced by the elecine maolor of the high-voltage type
auxiliary machine 20 to a predetemined output voltage and supplies slecine power (o a
Iow-voitage battery 18 as a charging power The ragensrative power produced by the
high-voltage type auxiliary maching 20 is controlied by a controlier 32 so that powsr
suppiy may be performed to the low-voitage battery 18 threugh the second DC/DC
converter 38, ;COPYRIGHT. (G)2008,.JFPONCIPI
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Desoription

SACKGROUND

tvely, 8 portion of ihis regenanstive sneqy can be used
o pariahy rachargs e engrgy stonuge syaten.

BRIEF QESCRIPTION OF THE INVENTION

[OU3]  Renboginents of the inveaion wlade generaly 5
o vefiicle drive AYSiems and, mom spe R {BU06Y  In gocurdanes with nne sagect of the invantion,
¥idlng eropuision gower from an sukiiary dive ot 8 ver & proputsion system noldas 80 a9y Systant anax-
nicte or nen-vahicia aystam. thiary aystem, dad a syatemcontrottes, Tha sngigy systent
{6R02} sfie vehiclas amd hybeld siectis venie olades @ dh-directionat boost cosveder sopgiod to g db-
pically powered by one 0T MOt enetgy wardge devies @ rag] clvant (G R, e Disdirsctionyd boaat converlut
2, sioi oF i combinafion with 3n infamat som- Lomenaing & pluntity of put channals, Toe snergy sys-
vusiion enging. inpure sloivic vebitles, e ot 0r 0® tar 8IS0 ihokudes @ fived efengy stemags urvice oouplaid
SNSIGY SINCRGS ASVINDA powers the entlre driva aystom, costsenvenas
i win & D bes, i
Rrgy systam a ;
auxiiary joad, and 30 auXiaey bad sostratter
the auxiiery anengy soeuwroe and o the auxifiar

emal pombustion systemeont iz oonfiguredioc vy Ivaed
eging and of the vehisle. Trag ¥, He energy stan conirotar 1o redide & power UawW 0 Y Joad
age davines @ slectic or hybeid Stonk propaigion syes & trony the auxiiary snemgy smine and (o cause g Biv
ey Inchide Daiodes, uteses ywhely, 6r 2 et el buost sonwntay o baast 3 volfags supplisd
sombination of ihess sigmant 0 provide suffi- Dy e aexiary snengy A0ures and to supply the bovsted
St energy 10 gwe SHICHR voRays 1o the DU link.
OIS} i sovin uppios L AN aaxiliany deive is gro (6RO inancordanne with another aapsctof e inven-

iQr systam s operam auk € ton, amathodof assermbling a gropulsion enee

videntin aduition t the proga
Hary eguipmest. Sueh applications mzy moiude, far exe
amgde, madiem duly (M) and hesvy duty (30) applics -
sing ransit buges, ticks, Hignt rail and other

spd. Offen, R tsduction it oo, s,

angn e
N

grye power Unit {APU} 10 produse siesideal powar i
apavate auxiiass such as ai eonditivning comporants
seheing Fraon s
HWErpeant

»

he slectriod power Sresuces may
IAQY power or divest current {30)
power, Maotor deiva aukificry leads may ba operasd a8t
rstant speed sndfraguency o spetate al & variabie
spaes by cortent ¢ the ehsaitisnl mapst frsguancy and
voltage of the AP,

{0004} Forgdditionsl contral, sukeysiern catponenia

3P
peture needad. Typinaly, the povwer ratl
i design

33

35

niudes coupsing an energy systen: 10 & dive
{DCY k. the spergy system nciuding a mud
bidivaniional Saast conv onughal tihe DG s

an anargy storage davics cougled 1 a first inmd channal
af the bi-directiondt Beost oaaartar viz 8 B Bug. The
suthod giac ncludes coupling sn auxkiiry systen: to the
Busrdy systen Hst holudes 30 enargy esuee, i ibad
Suniroier couplad o the enargy soures, and & insd oour
o the boad conteian Ths method also incl

& sondigiding the apalrolier o £a

e DO sk o reosive 3 toosted volfags from fhe nulll-
chenas! bi-directionyd booat converter based on the re-
Hueion it power draw.

{000}  In ancordancs with ancther aspect ol thg inven-
tion, a vehicls sydan nshides 2 drevt serent {00 en
o o s firat chizanel of 8 D
diwsctionsi HT-DO bovst converfer, and an awxifiary en-
21y soUrce coupied 0 8 st load elrtroliey arkd W0 9
second channgt of tha bidiventional 0000 boost con
verter. Tre vebinh: systons Jise inshides a fret axiiary
toad coupted to tha et load contrier and g verddle sys-

fopd with less than eptrogm sfficiency. 2 gars conimfian The vehicle system ortinier By pro-
1BO3S]  Trareldra, & 15 desiralie 10 grovids an glactrie grammed & oreduce 2 oad enargy susplied by the aux-
at¥ar hybrd i proputsion avsiont aiowing he ex. thiary sniegy source (o the frst guxliiary oad trom atirst
caas powar cupebility of the APU to b utiized 1o provide 2nugY ValUue & R SeTORS anetdy valug ang 1 toout
2 perion of the propus inagt @ postion of ths reddiced engrgy via the bi-direCtional
i |RCHEG boust sunveter for supshy hsnenf & DG ink.

I verative energy 1 power auxiliary
fosis diriny pericads of densiemiion instend of dissipa:
G thig enerdy i oonvertiona brake syalerns, Aang-

{0008} Varin res and adventages wil e
made apgarent Fem the Bllbwing detailed dessrigtion
and fhe deawings.
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3 ER2

Btk DESCE TN OF THE DRAWNGS

RO The drawiogy dtustnte Sratarsd arabodimsnls
presently sontarplated for carying ont the invention.

502 7¥3 82

P

1o a rachfier aseambly 128 contigured 16 con-
vert s AG powsr oranargy inse DC pawer oconergy for
supoly 16 Bug 123 Altemaiieely, sithough ot shdwr,
fueicall oodid repiacs the heaf anging 124 and ammat

Srenargy

[on13} inthe dmw:ngm 3 ek

[oUtR]  FIS. 1 schemalicaly Huatrales &n amoodiment [B0R0)  Auxiliary ensigy syale

af the propuision gystem aceording b B inventica. sone AC suxliay foass 130 coais
[R013]  FIG. 2 schernaticalfy dustrates saether ernbod- AT anNifiaey fond con m, 1‘&1;20@ ;

nasod heprpulsionsysts acoording o the invertion.

10'{114} PG 3 sahematioally ustates anothec anbod @
Fnentof the propulsion syatamancerding o e inent
mm PG4 schemnatogly Bustiutes aneihay
Fnaatof theprogulsing ,\yst\;r“ CoRiing e s invantion.
[0018] P Savhematicn otfir senboi HOrg BRY, 8.
mentofihapropulsionsystera aoctrdingto hafnvention, ¥ apumg, acodlingfan, abeater,
eI} SIS Gisaiesha stesting pragudure siens {eds saparats from the raati
of e syster wrofer aoeording 1o an emboedimant of imeny, Meat engine 124 and siten sazu i'>t\ MRy e 8l zed
the bvastipa. o ha the: rearbna oad repdesd o sperte &l ot
tgched iouda.
CETARLED DESCRIFTION &l Gensraly, in & oruising mode of apsration, biv
dirgntional Bons! Sonvarker 112 acls W boust the voluge
o8l BIG. 1 flustrales & propision gystem 100 so- proviosd by the 0w voltage side 138 of enargy system
sovding jo A amb ent of She myventien. Progu 103 40 he high velinge side 140 of euprgy systom 10
syatem 100 may be used in vehicie applications. Vatucle That ia, voBege from fieat energy stirage device 108 is
;o:-n,culsim systeny 100 inchudes, i part, & enangy sy groviond (o bidiractionat boast converter 112 vig 2 brs
1R, arr audiiary shegy sysien 104, and @ vebinls 142 covplad (e a firat shannet {3} thersof on e iow voll~
.;zsmcmt raliee 108, Enargy syatem 102 includes 3 first » 138 of erergy systam 162, The s w“ \dvriasge
anergy shvage tadce 106, a sasond enargy sforaye des i3 hoested by Hi-direct tf\valbthcc wetes 112 stich that
vioe TH:, and 8 boost copverer sasemdly 112 having the voltags grovided to DG I 4 on the m s vola
culiple gt Stanaels eouiad to respetiive Bidites- 30 alde 190 of energy sysizr 1083 inoreased fo S QPG
G boost convérters, While fiest aniergy ator- aling levai of clechic diive 116, Durng an awelarating
Qg e3bad 35 3R capaciior, €‘<¥0t57»- made of operalion, second anggy stomge devise 110
e of energy storage desices such wg 3 uatter;( & fugi aosiuin Wt entrgy SI0Tags device U3 10 provise e
call, @ fywd or fhe fike fe alen o z-;m;,u . Flest npadad gocelerating power
anergy stenkgs davine 18 i ¢ low-voliage. b qr‘cw y %6 {0032)  Voliage aad sumentynetsuraments on UG ink
siorage devics coupied vig @ LC lisk 119 10 a0 114 are provides to vabich syatam Sontrelier 108 by
srve 116 inciuding 2 NGRS invedsr 118 ang voltage messurernavd devine 144 and 8 custent rosag-
120, Nioter 124 s pralerably an AQ motor, byt is rot fine GrRrasit SeVieR reapactively. The teedbdack of the
et Becaas enengy slorage device 110 non- voliags m-.wna:l) on G Tk 114 atiow velihs systent
power thanfieatanergystorage 9 "f‘t*‘r'\!cr 108 1o datennine it fust and sendnd eneryy
DG @ o teansler elocitinal power of erargy i \ ines 1068, 110 are peovidiog the ac °k\ stion
5 114 andd, b, o st arengy Storege device powar neaded dy slestrie rive 116,
i i ditsolionat boost converter 112, While gonand [6QR3F [ the acosloration derrars i3 groader than Wat
stwrgy sterags deving 11¢ Arated a8 3 baltery, s arovided ty fntand assons eriergy stivrage davices 106,
shbr*ycw af e: 'q; stsmg d~v§ces SU ’16‘:‘3 anglfreca- 95 110, vahicls syatemcortroiiar 104 is configurad to cause

« also ¢ontaim:
toed thad asch

[N

fprenticd for sisteibuting miatinas) power 1o the wiwel,
[0419)  Acoording 10 the erbadvient s {ed in FG,
v ety systen 184 15 coupled © 8 seeonid
: h-directional boost converiar 112 vis a
ary energy system 334 includes
{or intermal combusiipn argine} 134 o
alne-driven wiernator 186, Altsrnater 128
tanica! anerdy resehvesd frorn hest gngine
184 inin AC power or energy and aupiias 12 AL power

ve-gids b
3 et eng
Med to an
COMNRIR MR

shannai bofdi-gly gl hoout onnverter 113 o convett
VORAGS from \xd\“i??\l Qnargy aystans 104 to.provide the

0 X rESRaLs exfrg, Aece wer opeded. Rased ou 3 feadback
whee! orthat ea»\!* t\utm f'>t e 3,1' o8 cougiad 10 8 it from AT guriiary wad oonitrols 132 gt any BC »

Tl svsiony conteplies 106 can e
". i %arc fecaiv ;‘g sovar from

h)'ztf conirals

posver ik avsiint wish Having b st off ane arrenne
joads TR0, 134, then vehicie ayslem controlier 108 may
capse bishrentions baoat ennvertsr 112 lo botst avsi
adle voltdge on bus 123 for the accelaration.
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[o0R4]  However, ¥ venicle sysiem coatroliar (D8 de.
Tinas hal 1ure s N0 SXCaES pwEr o thiat the axcess
cower 13 b stidficientty b ancugh o srovide the ad-
ditlonal accsiormion pows: nesded, than vehicis systam

holler 10§ may cavve vegenarativa power or snargy i
power aoxiiney losds 130, 134, i adition, conir
gy cause Aukiliary foads 150, 184 10 e cperaind with

b3

27 INCrensad power drwwy i excesy eaeneralive power
o7 ATErgY ie avaiiatig. i ans ebadimeny, contolisy 108
iy prdvide pows nauianioads 130, 134 via buck
08l of Qunat conyaitar assemidy 112 auch tat the

sontrotier (08 fe configivedtotin of sevpduca thepawar 5 powar o energy & swatabie o cuanast b of toot oo
AW Qi 268 OF Mors icuds 130, 134 such thal power varier aaasmdly 11Z, fnevent that Digh ranenniaiive pow-
fore hoeet angine 184 and sitama 6 gy e asedin i aeadladie dunng High posesr regenaostive swents hat
suppiement the power croviged by fivet energy starage Ay Aaxcead the power or curant uding of chaanst & of
davice (U8 and seoond energy storags device 118 e boust gosventer assombly 132, @ soligiing devive 130
3 dralier 108 may 1 may be activated to provide aa altamate oath suen ihat
32, 198 such gower fow for the apensstive powss may be nasesd
HAlysaped dioade 138, 134 sraw tess pows: from DO fink 11§ directly to bocal converter assembly
rom gliematny 106, thas freelng thal power lor use in o sunatantialy power DO susdiiary confrols 126 sad
WIS s & et nective OO qudiiany loads 138, Gougling device 1880
[0028] v anather amoodiment, hest engine 124 and 19 couid be nglamented, for skampie, as a dicde that ia
alternator 128 ray baremkced it size fo handis e power gofed o oandust cunest and power e fove OO ik
nia of feas than aff oads such thal, rogather tatebus 122, Aternals ivgiementations ol the ooupling
3 cantolinr 106, hg loass 180, 134 2 150 coiid alss o implaiented with pewer sem-
wd advording fo the avalisbie poway frrn o devive(s), inchidicg Silon Conteoiier Nectifi-
hgat shgin 1 gnd alorngier 126 Thatis, in adaiion & err IBUHs) o & comacior. Ia addifion, & rasiator suoh
W poaireiling AC or DU suxiiary losd ooatrole 188, 138 7 Ry [ calipiad It senow R R -
during acealeration perieds, vehicls svstem controfier NGNNUNIEY dRviie 1o onnird avoltage
108 reay b oonfigured 10 wen o or redioe the powas N 13 whizh the camtasior Of pusar semib
draw irom ung ur oy ioady 130, 124 dwing non-aoteh } closad cougiing DO HpK 114 fe lowe
arstion perieds fo take sdvantage of & ematier, vas & side Dus 128 Provided the valtage of tha DO Hiel 114
weight begl enghre/aiteimeaior soradinghiva. i e mag- ve eventi exoReds tne voliays of bug
age, vehicls Sysinin contreiier 168 may consiantly mon-
o ahe endatiol load conteais 133, 108 ansd foads 130,
134 and, whan aocitiona: yeneleration powns s nesded,

i as) converies 112 Ip convert 98 {0838 In audition W providing asditionst acceleratinn
vowEr SF arengy on bus 1 20WEY QY 8Nargy 48 descrilivd above. auxilary enangy
DOWEY OF anany & £ wyestem 104 migy aisa by oo provide chasging power
[OUR6] I s embodiaent of i ! OF angiygy {0 re-Slange st anenly sterage device 18 o
108 may He confinee drive 118 in g seonny aaurgy somge devisn 110, That by, vohicle sys-
egeneatve mode, whersln 2leclic poweror enargy is & famcontroller 106 may he configiived 1) L8 83088 00w~

& 114 theough GC-AT v 206 ety Auppiind By alternatos 128 dising iow gawar
ative braking event. Ina ogetion, e sxmvpls duning consdant speud o7 crsisig
King mode, contrufiar 108 may cause reganerative atode o onera orpofspropuigicn moments {3uth as
fenver ot energy to gartially soplaaistoecspd sy stor s the vehicle @ stopped) 1 boos the sxcess pawsr
age device 1151 diretly adupled on OU il 114 orie 99 or gnorgy for re-charging 8econs snerqy storage device
3 ¢ rapisnish Erst scergy storage devies 108 through i
ohaned & of he bidirectional boeal canverier 112, That davine 108 vie by
i, during such 8 regenasative braking avent, @ portiorn: of tional Boost
e reganengive Draking paevsy o ensy o2r wlso be {0o38) ¥ ofthe ine
stored i the senond snetgy slorage devt 95 vamtion. Propalsion aystem 182 shown in noluctes
3 31 ogat sonvaniar 112 may e pontigurd b sy Sompanents simlias 1) SOMPUNRHS shown i aysteam 1%
nemidaly buk ths vosage provided via DO ak 114 auon of FIG3. 1, and thas humbers used 1o indicats somponsnis
st i ogsimal arigut Of Igerartive POWsY 6r eneny i FHL 1 will alao be used (o indicats gimilar comasnents
® able (o be caplurect and stored it firad energy storege TG, 2.
davice 108, A dynamic redardsr 143 coupled 1o DG8ak 0 52 100308 fa sddiisn t5 e COm@Ones i common with
TIAmaRY be also be contratied 1o modarats the tevals of Ve propulsion ayaienn 160, sydtavt 182 molidas a
apenagiive power or snurgy that develops on DC iink cougting device 184 co elactivaly couple bus
Vi whes siectic dive 146 is opsaad I the regenen 132 10 bus 343, Dusing speration, e ausdnues volage
afive mods offirst onegy Rorage device 1R ter than tha none
[0R27]  n 3 swcoi seganeraive brabing wode, cone B inad velisge supglies by rectifier axsemby 158 1o bus

122, in one ambagdiveant, the maximum voltage of firat
shemy Bamge davice 108 s apprximately bea timas
the nomitat volage supplied by ractifier asaarably 128;
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Nowaver, othar vaiues are alse sunfemplated. Duing
agnvial opsration of syatem 182, argy aforags des
vice YOR s nordiguead to ousyate frore s Meaimum velt-
ane dower to approximataty 5% of it masimuen veltage

appreximataty 78% of towa) slred Or wsable £ second Dowar o energy value may be 2ens it e oase
ariagy wilnin it epargy storage davics (0% & 100 POWRE oF enaigy 1o the print of ahut-
3, Ineventthe! ihe Wt G Srary sloves tioy off e ivad 134 Al g desvrited abovs with -
' energy sicrage Savice 10y exhauated aad wd- SRECTIN POvitiag re-uharging POwar O enargy, suxiiiary
safsion powsr cominies 1o be demanded fo gy systam 104 ol vehigie progulsio
oparate the vebisie, coupling davice 154 conducte auie @ rulled by velicla gysten corroliar |
it volts Rilfary anergy systes 104 may bs
sooste 114 voliagd using lwo channgis {3 cond gneagy stage dewne 110 vig:
and by of hi-girectionaf bnogt comeanat 113 theraly al- hi-girgotinag! beost converter 112
i e rated powas compsed ia {BO38F  Frag 1 gvstene 186 mny it inchade oy
fonal boost converer 138t 4 wiing deving 150, As described above, In & Bral ragenar
sparation of the vebisie. ative Braking made, onsdrolter 10 ma goner
& one embo A, e povver oF enangy 1o paniuly fepivriah second an-
(i aplematically noupie s pogy storage dovice 110 dix naphed an DO ek 118
142 whey the usable voitage of first ensrqy storagy de- or o paitaily replenish first aneryy slorags device 158
vige 106 draps befew the usable voliage of rectifier ae & tiwough © i 2 of the bidivectionai hoos! convelar
sutnbiy 128 and e drep asress the diodi. In saother TR & seonnd segRrenative braking made,
%, COLSENG cofiroligr 108 may Catiss regananitive power oF anangy
1 b} and & soniacer (1ot shows), 6 thigam. 10 POWET 8L 38 134, 188 The suppiv of power
nent, when sensed voltage of trat anerqy siorage Qr apargy o low-sida hus 122 for auxifiary vads 134, 158
dedioe TR doops o or bataw 2 specifiod tireshold, ver € may ooy via Ducking cortre! of hoost nomerniar gasem-
niete gysters contealler 108 can oxuse the sonmetor biy 112 suoh that the power o whergy in svslighiz on
ciose, 1hus coupling bus 122 fo bus 142 channel b ol boosts rioraeseTOly T oy via & diret
[0032] P, 3 iusdtrates anciher arnbodiment of tha i supey feorn B0 8 copling device 180,
varition, Peopuizion systam 158 shown 6 I8 Y inoldes fBQ38)  When SNRBRVE oW IS rana-
companents sivdiar o corspoberis shown In FIGE. Yoy 36 farmd o ivw ing devide 150,
uded b indicale Sempenems in e Qepiwadin tie wiativall lenge anergy wnd power rgtad
{0 ke used o i & simider came = sterage davce 164 s wall ag baimy soupedies o
ponarss in FiG. 3. auxitiary loads (34, 188 In thie manne:, regenstwive
{0033)  An shown, sudlicry eeorgy svsiemt 104 B gower can aveid Seinyg jost or dissipated @ heatin dy-
show ga R 50 gyatern having one ormerg BC auxiligry 3 naemio relarder 148, and the captues of the rejenaralive
s 124 with respactive DO auxifiary oad soatrals 138 poway i JC sawgy Rerage devics 188 aliows wa ine
Ag shown:, Sree THC aeviliary fosdd 158 may fnehide 3 08 dressad npanting range HFths of
AT inverter 160 that controls en AQ foad 182 such as & it 8 vehicie appiication.
fenfor cucigussd (G operas R a8, Ty egamgii, {003F] Ao aa describad abmve, it avant st the us-
i conditioning compivesms W able pOWer o energy stared By first snergy storge de-
anicads, andihe fike A vice 08 s axhausten and additionsl premision gower
i JoniinuRs o e denvended to operate e vehisle, cow
ar nargy 10 powsy ioads 184 and controla 136, Whils davice 154 5 aotivatan to couple Dus 32% WU bus
G0 energy Sterage devite 194 v usingtad ss 2 baltery, 142 suoh thut voltage frove DU ensrgy sivrage devise
ather fypes st ansgy 9% 184 may be buosted to RO Hink 114 voltage uaing two
Dacky, & fvel cell, x ! i D) of bi-dlrectionad bost cabverier 118
fermplatad ing approxinwlely Iwica the ralsd powar
£1034] oo eeal. velicle syMem sorralfer 3y hannet of d-dieactiunal boRstesn-
I8 fo oontiqurad 0 opehate W & iR mannar a3 da- vaster 112 10 faoilifate dparalion of the ve
soribosiabove. Thatlg, vehicle syt conirstior 108 may 30 [B038)  FIGL 4 iustrates zauther embod
NI NS PWSE O gnsrgy naaded for fogds 134 duriny venion. Propulaion syalav 168 showss it FIQL 4 tnohides
acgeleestion o nor-avtaicsion pariods of sysiem 186, sonents similar 1 componants shown in FIGS 12,
Suring asteleigion damandly, € &x00ee gowet oy energy and thuy numbere used o indicate componants in FIGS.
Fom naegy storage devios 164 iz nof adaquately 1.8 wiit @bz be used © indioats similar compunanta i
avaliahie, vehicle systemn conteafies 106 ray cause one B SiG 4
drmore iowds 134 10 shut off 01 to have 2 raQucad powsr [0038] As #lusisied, & vepamate auxdiery power
suppiied therets such thet powsr or energy from DO e auure (Sueh as RO energy stomge devize 104 sty
grgy alorage device 164 may be bonsted vig ohannali Fi%, 3) iy ol includad i propulsion system (88, 1
5

[# 4

o phdirectionalbeostconveiter {12 forassistance during
B avceleration geried. Thug, the foadd power or sneipy
supgies W ionds 184 iy be raduoed frors & fest powsy
O SRETQY Yale-1o & secon powar oF enerpy velue. The
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prepulsionaysten: (68 operates as asingie, tigh-ep
powiy battery 110 is providea Battery 110 I8 alte
arOvitie Qowst o 3nergy K electin dive 118 and B¢

134, 138 may basuppiindto chamnat b of boost convener
iy 112 via tusking centol of the voltage on TC
14 traive atiery 110

g droyt aleee
0 may oress

fio deivs €18, val
e power diaw

S0 At AUCH EXCRSS Dower may be
e fo adselri drive 18 o Gattery 10,

K ¢ {6 witiy low-side bus 128
‘o poves oy diteatly supply
rad Sofitrale 194, 136, 182,
Tl migy alS6 faUSR PoweT
© e suppiied 0 ey 4 for ree
Qe devics 108 dusing

sach that
powar o 3
I addditing, o

U043 As ehowsn, ailisry endry systerm 104 fn
ciuges heatapging 124, altamaior 126, raclifier aager
2R, and AL sadtary toads and confrals 138, 182
Hidte propulsion syatem 16% fncludas 10 enargy storags
i {84 howsver, i this gmby . OO ensegy
storuge devica Y84 i vaed 85 8 part of energy system
108 1 assist first gnergy sorage device (92 I provising
TEpUisien Dowar of anergy to prapsl fhe v
anerygy Avrage device 1684 s praterably a high gpac
nergy Laltey.
0034} in the embodimant ahown i Fi. 8, e maxi-
s veitage of first ety slomge sovice 108 ik gresier
han five nominad voiiage supplisd by DO erergy storage
duvion 164 10w hue 190 soupled 1o channet b of bindl
ol boow sonysner {2 andd graster than the
yoltage suppiied Dy roottier assamdly 128 to bus 12 i
addition, e maxirmor veiizge of RC eaaryy storage de-
vicg 184 grealer than e noming! vorages supplied by
axfifierassemby 188 tobus 122, invvenithatthe psatds
«nRegy stored by fralenergy alotaye devios 108 iy ex-
hayeiad and additicnal progatsion power 668 he
Jdemnded to oparale the vehisle, Soupling device %4
CONCRENEs Jueh irat velage from DO anergy steerge e
vieq TH4 nyay be boostad o DO HpX 134 voltage using
A {8 and b)Y of Hdivactiznal boest pomenar
13 theesky aiinwing aprregioutely tedne 2 ratsd pow-
or sompared to-a single channal of bi diractional Boost
canvaner 118 W ¥ € Operathv ! v, Pue
Wy, 1 avent thatthe vvable enawy lored by BT ensroy

i

antt

a3

P
b

storags devies 184 laatsy exhauated and atiditionsat prov

¥

tiyr coupling devise 178 caupled bedwenn
Dug 143 and Bus 122 conducts such that voltage from
gy stenge davos 184 may by oosted 50 G
114 voitage using thyee thannels {a, b, and &) of Bi-
directional bove! uonverter 112 theraby altuwing sporon-
fines the rated power cadnparad jo g sihgle

d-giroions booat convarter 118 to facifiate

{00481 it is noted thet white first and s
strage devicss 8, DI ais buslraied ;

1y, othe

arg contemplated.
{00461 Referiag nvw fo TG 6, & flowehan 174 do-
sa:ibi

3 ¢ honinient of the Invant O,
Al aler 178, tHhe vabidls sy@amicontaafisr datenines the
ROWET OF aNATQY renuireats neaded by the propu
aysiern 1o grogat he vetiole, For exwusie, & may be da-
tarmisted thal the vaniale is in @ araising mods of promut

of 1o propulsion auel 83 when the ve

e miode of daclsraton. &R

SIOE I3 peavad, ¥ not 180,
than & hon-gropuision actin may Be perfoshed at utep
TRl %8 vegenargtive LKty (wer ST anergy oag-
trs or the rachanging of snargy sforage davices via the
auxiiary system.

{00477 {1 the vehlsle avateny contralier
mines 184 Hat progalsion iy g tha avalabiliy of
e power OF enryy readad for e propulsin R
enamgy system i dotanvined @t step 188, The energy
syalem includas & finst enerqy sterage davine coupled o
] wawesige of » b dlcectional boast convarter. A saonnd
B stenags devies roay U8 coupled te a sidhs
the hi-divsctionai boost convertar. The ava

G of SrRrgy ey be detenviaad Gorm feanback infava-
tinn freng & DT Enk supplying power or anényy 10 an slac-
i mdar, The feasbach may be pravisted i:y R CLerar
andior voitage senagt, Hased on the feadadk informa:
tion, 2 cepabiifty of gifeas the fimst snwrgy storage davine
1o spoply Segited power Qr anergy may be deleaniad
At aten 188, & is determined ¥ the enisrgy aystent s oa-
pable of meetag the populsisn reguirements. § the e
ergy system has enough powsr oF enengy W Aupply the
Beced progNION Ewer Br ey 190, e the vahicle
ayatern controfler causes the anergy systam (o supply
fhe powar or ensrgy &f step 192 i not 194, then the
vehichs system contioller Setarmingsd whether $xceas
gowar of gaergy s svaliable from an auxiliary systam at
1P 1RE. Apvansount of addticnut poveer ar e awrgy Bes-
ad gy be detemmined from a d & Batwesn the
power 6r snergy needed by the prosudsion mquireren:
and he powar or snargy capubia of heing supplied by
the finst andlor sesoml energy storage o ;
{0048] 1! exoass power o aprenyy Sraater than the dit-

shmitarty detar
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fpeenca is avainbie 19, than the vehicia aysism controk
iat causes hoth W ansgy syatamand shs awdiary sys-
T L Suppl 18 Needsd PEPUBINT POWEE Of 8 af

sartbed haveln, Further, such coraponents may includs
& sat anddor sates of ssnpideriaginietions writen in or
inpienenied with wny of 3 oot of rogranyaing tan-
{80 by thess skilled » the at.

g B0 axegss powers srensmy s nof avaifabie oris Quaness, aswillhe
s i 5 (608E  Rlechnion
volfar causes one oF MorR GuXiiaty loads tu redure the o and Apparatys pr 3 for & coimpuiten
desvand for power of enety rom the swditary systen davic capatiie of providing propuision pow 30
stap 234, The radueli darand iy powar o energy auxfyey deve of & valhuclz o pon-vabivle & ;
[Co83]  Therafors, ascording io an srbodiment of the

00 tatwaan he oower or@rergy @ vention, @ propulaion systen inciudes < QY SHEv
auedu by the Bropudston requirampnt and the sower &7 tor, an apeilisny nystem, and & systeny eqotoliar, The
sty Caable Sf teing shpaiied by he fiost goafor v ey sysfen holudes @ bi-Uirpttionat Toog somvetar
nnd snerqy storaga devions. The vohicle systsmcanteot sotpied o g diradt ou

£y R off of redicy boost convertar cormprising o phirality of inpa shaonels
ihe powar o enargy drwwn for ionds, The priovitization 7% The energy systen aleo includes & first enargy storage
ey Degin with lesser peadet ioads and snd wi devics couples o afirad inpradchanest of (e bi-dinsctiond
tant ioads. Ag an exampis, the wahict ao0s] convater via 8 00 bua, The auxiliary syalero &
soupiad fo the enargy syetem and inchides an @
eNBrgy saLIes iond, & 2 sy
neegy avaliabie for aasisting the gneugy syslem v & conyrol it the auilisry snefgy sot
sy the nesded pragudsdon power oy enargy, Sha- e g | Y& gygstar pontroliar is con
¢ s i congitioning foad iy even bie unnoticed cagse the xuxdiiary load contre

by e vediicle conrator. Another sxample nckigdes shat: of the iy | P ansgy sounes and
g off ¢ copipressar of @ pneumatic knealing systemn tocausethe didinsctinnal boost convaner e Loost 2 woit-
untl the power or ety Fons the adiiary systemis oo @ agnifisyy @ ¢ BOLTee and o Supply

daget peadssd for propuiaion. Other syaiems cagabis of
Baing anut off or rezivcod tre giso sontamsiated,

[0U39] At sfap 208, any loads previtasly shut off or
frcucad miay be selumed o their ordging! state anes thy
eRTEN 1oy el pERey o1 anerdy draw teduction {£.q.,
guch gg during an sodvienvtion mode) w anded. That is,
the luad power of pasrqy prevdously redicsd from e birg
BORETOF nBigy VakiE 10 & Gaond, iower pwer ar enargy
valus may be relymad tack to die preresuction, st
oW af eneryy value aiwte er io a diffarent power or

36

33

the boasted voltage to the TC bk,

[0084]  Accomiing W ansther embaodiment of
tory amethod of assembiing 3 dropulaion easrgy sysjem
2 8 direst carant
3 @ rouitchanne
@20 dnkand

e anergy systern ol
rsctiongl Tovgt convarter oyt
an enargy stosage devise caopled o « ind gt chanceal
of e Bivdiraotional povst conventer via & DU B, The
miathed alse includes coupling s auxiiary sytem 1o the.
anergy system fhat inchpdas an energy scurce, 8 toad

angrgy vake sofrolier Conpig fo e Eneny selnee, A a joad o
{08507  One skitte in the artwilt sperecisie vehich sys- Pl I he ead cunre Resthed ataniacldes eow
e controtiar 108 may be implemented via & phiratity of A ACOMIORET 1 s anergy Aystem and to the auxiany

compenens sunh a8 e or ot of glectronic COIdpG-
aonts, hardware COMPUENIS, ANNQr Computar soltwere
sorpocente. Thase sde one or
More angible compuie storege fadia fhat
gunarally stores
ate¥or assernbly lxnguag
R G TN INREMSRIStons of smbodi-
mends. Rxampies of ¢ Ragible staopder feanintie st
age medium ncludy 3 reeordunie daie sIorags madivem
aher mass sterage devise. Such fangible coraputer
readabie etdrage mediinn reay smpioy, i axample, ong
womote of & magnetic, electrical, optical, bicluginal,
sdtOr atomic dxse starage rmadivamn. Furihier, suchmadia
ray iake the fam of, for oxample, flongy disks, mapnetie
tapes, CLHRDMe, DVD-ROMS, nard dex dives, sndior
afrctronic. mamory, Other foras of tanglils nompy

b
G

nodions of on

&3

9.

b

; aag fre canlraiiar (5 cavss 2 msto-
fion in power drawv of the Joud of the auxiiany sysientfrom
the ensygy savee of the suoilisry swsters and o cause
%10 recaive g hoosted valtage front the multi-
iractional boest convarier dbuased Qr the re-
: s power dras

HELSS g 0 yet andther smbodiment of the in-
votiion, 2 vehicis syslern inclisdes 8 direct surren: 0%
gnergy storage davios couplad to.a first channet of 2 Bi-

xad controliey abd o %
agl [O-DOG ponat con-
e @ fiost aygxiiagy
ey and & vehicle sys-
tam goayoliar, The vehick gyelers Sonirofier s pro-
grarmed f raduns ¥ lesid energy sippfind by e aux-

argy soos onugles o %
sagond channet of tha hig
verter. The vahicle systen aiad

o farage mesia oo Tstad oy e eraployes Wil 38 Jlary orergy sowme 1 B Host auniliary bag o a fiest

srabodinvenis of Hhe invention. Snargy vaius o 8 seoond snergy value and to Doost at

0051] A number of suoh companands car be epm aparticn of he rediced enongy e the bi-directional

pingd or divided 1 animbisreentativn of the aystdms de- £8-DC tooet corvartar for supply thereat ta 2 D fink.
¢
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[0036]  While the invention hashean deeorided in detall
onwith onfya d number of smbodimenis,
te ety vonesiony hat ihe inveasion is aot
wmited 1o suon disclossd embadimants. Reather, the ine
vention oan Ge modiiind fe onrgorale sy dmvduy of
ariaiions, giterations, substitudions or syuivalent an
angamentanet herelotore describsd, tatwbithas oo
eRrggl With the apiitand seope of the fventls
diionaliv, white various sribedimams of e invenon
ave Dear desoried, i is 1o be ungurstond thal yspeits
of i phucts only soma of the desoribed

Uy, srtion 1S el W he
fod by the foraguing teserption, Bt is anty
fndfed by the sepge of the appendsd elsime,
fo0R7}  Varous aspecia and embdodiments of he
arssent ventian s defined by the followlng amtieres
Jases:

¢

tost
a direst nutrang {O0)

gy Stemags dpics

Somvean: v & DO by

an audtiary gysten cauplen 1o B0 onargy
syalem, e ausiiary systam compising:

@n DUXHAY enaNgy Sourse;

Bary foun: and

as aanilisey e controier conplast
the auiliany enaigy souce and o the
iy foaid and

@l

a gystem aonfrativr configuns o

s the auxiliary loadcontrolisris e
e & Dervar dmaw of e axiixey xd
from the auxiliazy Snevgy soiree; and

s e bi-giracliong] baost convenay
boost a voltagas suppied by the auxihiacy en-
argy soune and to sugply the bocsied volt-
age to the DT k.

¥ The grogiision systany of alause T funtber aom-
sl 0 @ s srive soupled 10 the
whorel the syaibmenntroties s furtheraontigurad o

datenying an amount of propulsion powss de-

R

R

%

shred to be aupblied to e alectrio drive;

recsive feedbuck infoangtinn of the DC fink from
ong of & current sansor angd 2 voRane sengor
and

fsad on the feaduack irdoanaioy,
By of the fiwt angrgy sivraye devics 1o
v the amount of propulsion nower (o the

&, The propuision wysten of ¢
vehrarait tha systern eoptmiieris

¥ oer datise 2,
sy catifiedradie:

detarmine an powsr Nfferende beétwesn the
amount of rogialsion power desiead 5 &2 supe
olisd tu the aisctrin drive and antamount of powar
sagabls o belay saphad by the st enorgy
Stongge devics; and

&

canss 1B aaiaey ad soreroller Wednca e
nower draw of the auxifiary foad by at feast an

arnount egual B the gower Sifferance.

4 The popuisior system of any pracssing niauss,
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8)X} Claim(s) 5is/are objected to.

9] Claim(s) are subject to restriction and/or election requirement.
* |f any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitp //www.usbto.govipatenis/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.qov.

Application Papers
10)[_] The specification is objected to by the Examiner.
11)[J The drawing(s) filed on is/are: a)[] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)lJAl  p)[J Some** ¢)[] None of the:
1.[] Certified copies of the priority documents have been received.
2.[ Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
“* See the attached detailed Office action for a list of the certified copies not received.
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. ) Paper No(s)/Mail Date.
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Paper No(s)/Mail Date 10/12/18.10/29/18. ) oo
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The present application, filed on or after March 16, 2013, is being examined
under the first inventor to file provisions of the AlA.
Claim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103 which forms the basis for all

obviousness rejections set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed
invention is not identically disclosed as set forth in section 102, if the differences between the
claimed invention and the prior art are such that the claimed invention as a whole would have
been obvious before the effective filing date of the claimed invention to a person having
ordinary skill in the art to which the claimed invention pertains. Patentability shall not be
negated by the manner in which the invention was made.

Claims 1, 2, 7-15, and 18-22 are rejected under 35 U.S.C. 103 as being
unpatentable over Bender et al (PGPUB 2006/0250902) in view of Miller (PGPUB
2007/0007939).

With respect to claim 1, Bender teaches a system for a hybrid electric vehicle,
comprising:

an energy storage system (7);

a bi-directional DC/DC converter (6) coupled to the energy storage system;

a first traction motor (2) coupled to the bi-directional DC/DC converter;

a second traction motor (3) coupled to the bi-directional DC/DC converter;

a transmission device (4) coupled to the first traction motor and the second
traction motor (fig. 1);

a gear assembly (9) coupled to the second traction motor and transmission
device;

an internal combustion engine (1) coupled to the transmission device via a path

that does not include (fig. 1) the first traction motor and second traction motor; and
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a control system (6) configured to selectively: operate the first traction motor and
second traction motor to drive (paragraph 0094) the vehicle through the transmission
device; and operate the first traction motor as a generator to generate electrical power
while operating the second traction motor to drive the vehicle (paragraph 0094, 96, &
104, various combination of modes) through the gear assembly.

Bender does not teach the transmission device configured as an electrically
variable transmission (EVT) that comprises an arrangement of planetary gears.

Miller teaches the transmission device configured as an electrically variable
transmission (EVT) (paragraph 0019, 100) that comprises an arrangement of planetary
gears (paragraph 0021; 118).

It would have been obvious to one having ordinary skill in the art at the time the
invention was made to replace the transmission of Bender be an electrically variable
transmission (EVT) of Miller, since the substitution of one known element for another
would have yielded predictable results to one of ordinary skill in the art at the time of the
invention.

With respect to claim 2, Bender teaches wherein the energy storage system
comprises a battery (7).

With respect to claim 7, Bender teaches further comprising a wheel/axle (10/11)
assembly coupled to the gear assembly.

With respect to claim 8, Bender teaches further comprising: a first inverter
{paragraph 0117; AC inverter; fig. 8) coupled between the bi-directional DC/DC

converter and first traction motor;
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and a second inverter (paragraph 0117; AC inverter; fig. 8) coupled between the
bi-directional DC/DC converter and second traction motor.

With respect to claim 9, Bender teaches wherein the first traction motor is an AC
motor (paragraph 0115; fig. 8) and the second traction motor is an AC motor (paragraph
0115; fig. 8).

With respect to claim 10, Bender teaches wherein the electrical power generated
(paragraph 0094, 96, & 104; various combination of modes) by the first traction motor is
provided to the energy storage system.

With respect to claim 11, Bender teaches wherein the electrical power generated
(paragraph 0094, 96, & 104; various combination of modes) by the first traction motor is
provided to the second traction motor.

With respect to claim 12, Bender teaches wherein the control system is further
configured to operate the second traction motor as a generator (paragraph 0094, 96, &
104, various combination of modes) to generate electrical power.

With respect to claim 13, Bender teaches wherein the electrical power generated
{paragraph 0094, 96, & 104; various combination of modes) by the second traction
motor is provided to the energy storage system.

With respect to claim 14, Bender teaches a vehicle propulsion system,
comprising:

an energy storage system (7);
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a bi-directional DC/DC converter (6) coupled to the energy storage system, the
bi-directional DC/DC converter coupled to both a first DC bus and a second DC bus of a
DC bus assembly;

a first traction drive system (2) coupled to the first DC bus, the first traction drive
system comprising a first inverter coupled to a first electric motor;

a second traction drive system (3) coupled to the second DC bus, the second
traction drive system comprising a second inverter coupied to a second electric motor;

a transmission device (4) coupled to the first traction drive system and second
traction drive system;

a gear assembly (9) coupled to the second traction motor and transmission
device;

an internal combustion engine (1) coupled to the transmission device via a path
that does not include the first electric motor and second electric motor; and

a control system (6) configured to selectively: operate the first traction drive
system and second traction drive system to drive (paragraph 0094) the vehicle through
the transmission device and gear assembly;

and operate the first traction drive system to generate electric power while
operating the second traction drive system to drive the (paragraph 0094, 96, & 104;
various combination of modes) vehicle through the gear assembly.

Bender does not teach the transmission device configured as an electrically

variable transmission (EVT) that comprises an arrangement of planetary gears.
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Miller teaches the transmission device configured as an electrically variable
transmission (EVT) (paragraph 0019, 100) that comprises an arrangement of planetary
gears (paragraph 0021; 118).

It would have been obvious to one having ordinary skill in the art at the time the
invention was made to replace the transmission of Bender be an electrically variable
transmission (EVT) of Miller, since the substitution of one known element for another
would have yielded predictable results to one of ordinary skill in the art at the time of the
invention.

With respect to claim 15, Bender teaches wherein the energy storage system
comprises a battery (7).

With respect to claim 18, Bender teaches further comprising a wheel/axle (10/11)
assembly coupled to the gear assembly.

With respect to claim 19, Bender teaches wherein the electrical power generated
(paragraph 0094, 96, & 104; various combination of modes) by the first traction drive
system is provided to the energy storage system.

With respect to claim 20, Bender teaches wherein the electrical power generated
(paragraph 0094, 96, & 104; various combination of modes) by the first traction drive
system is provided to the second traction drive system.

With respect to claim 21, Bender teaches hybrid electric vehicle propulsion
system, comprising:

an energy storage system (7);
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a buck/boost converter (6; paragraph 0122) coupled to the energy storage
system;

afirst inverter (paragraph 0117; AC inverter; fig. 8) coupled to the buck/boost
converter;

a second inverter (paragraph 0117; AC inverter; fig. 8) coupled to the buck/boost
converter;

a first AC motor (2, paragraph 0115; fig. 8) coupled to the first inverter;

a second AC motor (3, paragraph 0115; fig. 8) coupled to the second inverter;

a transmission device (4) coupled to the first AC motor and the second AC motor;

a gear assembly (9) coupled to the second traction motor and transmission
device;

an internal combustion engine (1) coupled to the transmission device via a path
that does not include (fig. 1) the first AC motor and second AC motor; and

a control system (6) configured to selectively: operate the first AC motor and
second AC motor to drive the (paragraph 0094) vehicle through the transmission
device; and

operate the first AC motor as a generator to generate electrical power (paragraph
0096) while operating the second AC motor to drive the vehicle through the
transmission device.

Bender does not teach the transmission device configured as an electrically

variable transmission (EVT) that comprises an arrangement of planetary gears.
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Miller teaches the transmission device configured as an electrically variable
transmission (EVT) (paragraph 0019, 100) that comprises an arrangement of planetary
gears (paragraph 0021; 118).

It would have been obvious to one having ordinary skill in the art at the time the
invention was made to replace the transmission of Bender be an electrically variable
transmission (EVT) of Miller, since the substitution of one known element for another
would have yielded predictable results to one of ordinary skill in the art at the time of the
invention.

With respect to claim 22, Bender teaches hybrid electric vehicle propulsion
system, comprising:

an energy storage system (7);

a buck/boost converter (6; paragraph 0122) coupled to the energy storage
system;

a first inverter (paragraph 0117; AC inverter; fig. 8) coupled to the buck/boost
converter;

a second inverter (paragraph 0117; AC inverter; fig. 8) coupled to the buck/boost
converter;

a first AC motor (2, paragraph 0115; fig. 8) coupled to the first inverter;

a second AC motor (3, paragraph 0115; fig. 8) coupled to the second inverter;

a transmission device (4) coupled to the first AC motor;

a gear assembly (9) coupled to the second AC motor and the transmission

device;
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an internal combustion engine (1) coupled to the transmission device; and

a control system (6) configured to selectively: operate the first AC motor and
second AC motor to drive the (paragraph 0094) vehicle through the transmission device
and gear assembly; and

operate the first AC motor as a generator to generate electrical power while
operating the second AC motor to drive the vehicle through (paragraph 0094, 96, & 104,
various combination of modes) the transmission device and gear assembly.

Bender does not teach the transmission device configured as an electrically
variable transmission (EVT) that comprises an arrangement of planetary gears.

Miller teaches the transmission device configured as an electrically variable
transmission (EVT) (paragraph 0019, 100) that comprises an arrangement of planetary
gears (paragraph 0021; 118).

It would have been obvious to one having ordinary skill in the art at the time the
invention was made to replace the transmission of Bender be an electrically variable
transmission (EVT) of Miller, since the substitution of one known element for another
would have yielded predictable results to one of ordinary skill in the art at the time of the
invention.

Response to Arguments

Applicant’s arguments with respect to claims 1, 2, 7-16, and 18-22 are have been

considered but are moot because the arguments do not apply to any of the references

being used in the current rejection.
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THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time
policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later
than SIX MONTHS from the mailing date of this final action.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to ERICK GLASS whose telephone number is (571)272-
8395. The examiner can normally be reached on 9-5 M-F.

Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Eduardo Colon-Santana can be reached on 571-272-2060. The fax phone
number for the organization where this application or proceeding is assigned is 571-

273-8300.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571 272-1000.

/ERICK GLASS/
Primary Examiner, Art Unit 2837
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National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
histher designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
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