ELECTRI C TRACTI ON SYSTEM AND | VI ETDOD BELATED APPLI CATI ONS Thi s
application clainms the benefit of the primy to U S. Provisions

plicatio 7:851, filed March 19, 2008. This application is
a ertlnuaﬁygﬁ %ggéﬁgapplication of the follow ng appllégflﬁﬁﬁuw“”(”
Application No. 1/374,709, filed March 14., 2006; Applieation No, |
1/5*7%$6, the(' Novenber 1010, 2006; and Application No. 12/060, 368,
tiled April 1, 2008. Al of these tipplicati Ons are hereby
incetporaterl by reference herein. TECHNI CAL FI ELD Thi s
application rel ates toRaRCTREC IHAT t&i’ﬁﬁﬁm*ﬁyﬁii@ﬁabe t 1d
system ma vehicle, includingthe ro ront IXI such

SyStern. BMN DESCRI PTI ON OF DRAW IA and | B are graphs
of driving fest results of a v%%kﬂkgiﬂé\??ﬁﬁ‘ﬁaﬂoé%od i ment. ot an

electric traction Svgt Qipitdnek alnkzﬂdhctdaséfﬁ@ﬂm 31%%! 1o @‘Q'E@a@mm @Ck
di agram a syst%@ Fi G, bl ock

di agram of syst¥H*¢ ngﬁesﬁf’é? %ﬁii Hi‘fééi"&%‘é& @r‘??h@é}ﬁ mﬁ@‘ﬂ’@f‘ 1‘*t¢§ne present

i nvention a&i“@aa%nlu@pﬁ& atf.g&m%ﬁgi ﬁn@w@i &Iw%{{i &¢ {? g of

di scl osed enboglthent Dare r ans bracket of
di scl osed enbodi’Aie{it’s me’ii-@mb it glg8; bﬁ%&k’lhﬂ‘i%gﬂd 5&?‘%y‘§ﬁé‘fﬁ‘€@%t nent s
of disclosed e@bh‘wfaﬁ@ﬂéﬁmatﬂn%b ?2543&; %%sf 518V Bl égﬁcﬂam Qk; oFBLDOd steps
l ai c(' in disclosed. einbedi nentS Is a state diagram of stared
Used i ndi sci os 8P sé%gwsﬁgﬁgig mﬁm"amd by wiuenu, hiereln.

TECHNICAL FIELD
‘Thiz application relates o an electric proprdsion “system, ie., iraction

15 systéss, onavehicle, including the refrofit installation of such a systém.

BRIFF DESCRIPTION OF DRAWINGS
FIGE. 1A and 1B are gr.aphs of dilving test resulis of a vehicle having an
embidiment of an eloetric tragtion systom nstatied therson;
20 FIG. 2 is a Block diagram vl systenvcomponents.of .a vehicle;
FIG. 3 is.a blosk diagram of system components of disclosed
entodiments of the present invention;
FIG. 4 i a block dingrasa of system components:of disclosed
e‘.':énimg%i:;hanm;_
258 FIGS, 34 - 3D are dagrams of o bracket of disclosed embodiments;
FIG. & is a block disgram of system componeits of disclosed
sthodinents;
FI3. 7 i a flow diagyam of method steps used in disvlosed embodiments;
FEG. § i a state didigrany of stated used in disclosed embbdim ents; and
30 FIG. 9 s & Dow diagram of muethod steps of rétrofitting a vehicle,
according © embodiments of the inventiown.

Like rgference symbols in the varions drawings indicate like clements.
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30FIG 9 is a flow diagrain of Method steps ofretrofitting a vehicle,
according to enbodi nents of the invention. Like reference synbols in

the vari ouw(gﬂmjﬁ% iticliCate |like elements. DETAILED %ﬁgg‘ﬁ;g)‘,%z
i etalle ment’s,

e foll ow ng I"ed description of the praferre enbodi

reference is made to the acconpanying drawi ngs illustrating

enbodi ments in which the invention may be practiced It should be
understood that other 5 enbodiiEMEERDBENRIVIION zed and changes may
be made without deparding, fromthese; 10e of the present invention.
The drawi ngs and dé""t:j1 ag% g‘gm&’ej@g}rﬂ%&%@ Odr?}"é}%ﬂémﬁ E tlﬁhg g 85%@ “tn%m?'{‘f“ﬁ‘?"t" t he
i nvention-to tdhirgpear s oulcalr ihemcdngelpgeablewiis BlhersoantmBidmotshe
intention is, to .caver all nodifications, eguivalents.and, . .
alternatives fart %ﬁ WEHH ¥ e'b-L'sB’i’-“rlch "anr&lgg(@z%g‘” 6?‘3??%%0%}}%{3%%{
invention as defliciedabymdyhe vippeé netedailfe hal smnaddeadingdepheng fipmar e
not intended to |imt.the stibject matter.in any way. . . The
bresent 1 nvent PFERD 14 aoReBebion, 1By g mednibedeopmitont ot
vehi cl e' s trariahdiissiinh faheatsebaoyadiciiar RSy dispower Ohalkenaffy.por t
("PTOport™)) |t§?a mor e, r obust rra(ggerrent, whi ch enabl es, agﬁfn;% ot her

things, a tranSf i8R fethgdd Vo dPplPEabrBe G TR eertart chi'ss 8
Pegvy ﬂjt y Vegﬂﬁt}&'{é (it bawedcope g&fl,fﬁwm&@@jiﬁimkzef&ss bRt gmd

ederal |y pandated enission regulations. That is,. in one aspect, a
retrofit  sybt cTHe DHEMET BEERECPAERII i L SRl BRET BT s and
has a 10 to 15 Yeannt if@cty@l@ublal dedupes emies ansqwandpduel «

consunption within real World constraints. This is achieved by
met hods and te‘?H’T‘IGI“’&’@‘?“’f“Hﬁ?ﬂ” SRICEAER 1 Rk ""?anpﬂﬁ’ﬁ?‘ér}i‘é‘ and

aging 2( har dwae Rbudhheaexhetd Maich| B&Ss, Bbbnabeo: adap! fddidhe
econetnically fragqj ! e ownership structure of those trucks. |In _one
. ¥ e Fatntd ol 73 L 'ty F 2 5! 3 o4 £y praoafyyond BER LA eyt
embodi ment : of BHEHO8E ERRICTHR R s cOentaliret Figpy ey AR AR ROt
novi ded fofs a @enwenshonals Nk hath enabhes TRRFAL 1 QhdhiBd angispgl e
driving seSttion in both i) an internal conibustiotrengine §_| CE)
mode, in whi cHESHEOPCEE SvItdEs Spshe TR Sx5emLdEnUETE] BHAFCPFO port
teen added- on £heGhEE HIACEAORRs 2 10 10 15 year Iife cyele thal reduces emissions
and feel comswmplion within real world constrpins.  This is achieved by
methods and teohnology that are adapted not only to the diverse and aging
#y bardware of the oxisting fleet, but slso adapled to the sconomically fragile
ownership strucfure of those trucks.

In one cmbodiment of the present invention, a vétrofit acrangoment is
provided for & convestional DV that enables opesation in a single driving
session n both 1) ok internal combustion engine {ICE) mode, i which the IR

25 provides power out of a conventional PTO port to.an added-on electric traction
smotorsgenentior (ETMG) via a controller, and thereby mechamically powsss the
ETMG fs 2 gesteralor (o prodece and stove ai electrioal charge in a large hatiery;
and i) an eleciric traction motor mode (or simply “ET modd™, in which e ICE
is ‘shist off and the-stored chasge from thebattery-is deliverad back (huvugh the
30 ctmtrolier and the sams BTMG), thereby electrically powering the ETMQG as a
sstor {o provide niechapical power into.the same PTO port for indepeadently
propeliing the velucle,  In another aspeot, the conwoller is configured o
sutomatically switch the HDV hefiveen ICB zod BT modes fesponsive t driving

and battery conditions. Fof example, inn an embodiment of the nvention, fhe
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not or-generator (ENO via a controller, and thereby mechanically
powers the fin40 as a generator to produce and store.an el ectri cal
charge in attery, rand ii) an electric traction not

(or sinpl y%d%i 1ot &), in which the |'CE is shin off ()thé‘jSZ?%@”m
stored charge fromthellattery is delivered back (through the 30
controller and the same ETIHG, thereby electrically powering the

ETMO as a not okodiRigfQut@decNpehanine alopaver mold A dRGia8all GwidiEO port
i br i ndependent I % ‘]p opel ling the vehicle, In another aspect, the
control ler is SR GHIFEE HSEORIF dhrile iseestt of thevhiebigly reaghing F*IEN}aﬂbétmﬁiéen

| CE and HI nodeg::; tﬁ&@@ﬂ&'u}é&x Bi@idhdiend t1RNELR L L8RY30098d] &t QRGpielOT
exanple; in an enb(i)dl ment of the invention, the controller

aut omat i cal |y SESPSE pRen ERDIPa Ehe nisdislean Gorsromingsathe yositliee hes

it to ICE rmdeq,p@zgamw %@'wt}& ah@ﬁmp@qﬁr fbad ey ﬁhﬂ)&!'s@s ELAC L RE oﬁ
certain upper lLim e the upper limt may Mt he range of

to 30 MPH, for ‘*’exﬁ?ﬁofﬂgm*@é}s@ﬁm lygil. %@hﬂ%tﬁé%ﬁ!ﬁ-éaddm PHOQPEHVERE

Cor r espondi ngl ysued MBinE LR iGHa Red)t Omatical Iy switches the PIDV to
ET node, again respon3| ve'to the speed of the 11DV falling bel ow the

limt. This automatiei® e &ne ngtdiey’ sechy usvdrietersligieedhlveeitel diei tigi t
single citiVing,sesghon, Herein the terra 'thaction" that be
ustai i nterchangeabl y Wth the term"proptilSion." 10A "driving
session," 38 the teknfgndigsdoheren ltongf ared hépim refris go Ertgmmitam »

??Pgrt E(r)? gohgtim(tpun. At 123 al B&h{]%nd fi‘igd:n%}h lrjﬂlscrhflt!g\etnbh%n{ ??ELW n
tmck 1 the Los Angeles poti region, for eXample, this may include a day’s

driviag, such as, for example, starting up of the vehicle at @ casries™s vard,:
driving on city streets 1 a port, waiting at the port o load {which may fwvolve s
15 long intevval of creeping showly in fine), departing from the post, ditviog on sity
streels o g delivery poini, and returning fo the vard. {OFf course, &t could
alternatively foclude driving first from the yard op city strests to-a pick wp point
asuf then driving to port, waiting at the port to unload, departing from the port,
airivmg o mty'_strce{s 1 a delivery point, and refuming io the vard) Ut may
20 inchde no trips to the port or mors than one trip to the port in a day. 3t may
stlude more than one pick up point and more than on delivery point in a single

{ii's}';
Referring now 1o FIGS. 1A and 1B, fost data for enbodinents of the
invention is shown, The test datawas genersted by an BT system-squipped HDV
25 that wasdriven secording to a drive Eyele reprosentative of o drive eyels of a day
ek o, b1 the Los Angeles area. FIG, LA shows test.data for g “cab onfy™

- FIG 1R shiows data for-a tinek with 50,000 potndg Brows Ve chicle weight.

Embodimenty 4f the invention utilize a power exchangs vnit (PXU in
Hew of o conventiopg! PTO: This PXU contributes-fo ensbling he retrofitling of
30 s BTMG to conventivnal tansndssions on the diverse flogt for the hetsin
desedibed wids-raniing purposss in an amangenment sddressing the economicaliy
chaffenged ownership described horein. Design of the PXU is based partly due
to-discoveries rogatding speed 4nd torgue teeds and tmits that are encommtered

m the drive eyeles of existing HD trucks.. In addition t© contribiiting to design of
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truck in the Los Angeles port region, for exanple, this may include a
day's tidying, "suer) as, for exanple, starting. pp of the vehlcle
at .a earrjet driving OD city, streets to a port

the pert té 20%}/}?6\/\/2 ch. may involve a long interval of PEF@@H?"!%’B” Za
slowy in line), departing from the port, drivingan city streets to
a .delivery point, and returning to the yard.. (O Wirne, if ttoidd

al ternati vel y ii:i:nQl\wd@a,aﬁlﬁdl\/iuflgux{au@umf HOADL A tﬂ;@;&%@%isﬁl;wgéwﬁ%t s to
a. pick up p0|nt and t hen dr|V|n ort, waiting at the port to

unl oad, depar tFHRFPrEn® FHEEHoI i“ 3 *“H*r PR gob fecipenisrmtng md basa

del i very poi ntueya@ds ket ﬁ{_&»@;bﬁge:& Qf tbl?&lfxa&d()uﬂluﬁa Wcunl‘@mku?‘% Uéi?m‘,?‘o
trips to the part or nore than one trip to the pe ina day
Mel ni k nore t HEHE Bhe giigkt dpptpartonenore nefiah é?ﬁé*ééirf%i%“r éf*‘«ptml nt

.in a single dakn s sledi@h@l Ry tlQQMY»i Hia E}i@:‘ ujhéh @»%Lﬂ:ﬁkmﬂ g;\"t«ga;’(.a for
enbodl ments of_the invention is Shown. dat awas” gener at ed by

ET syst ert hequpf¥ie *N@%"Z*“S‘Hﬁﬁfa‘taﬂ%‘sﬁlﬁi Q)é% W&il‘ﬁ’@ﬂ tfrorugpneitipally Oycl e

represent ati veygks guoféd 8 'ﬁ&@\*‘@m%{iuafmq%(wtlHida%k (e.g;, in the Les
Angel es area. Fla | A shows test data for a "tab only"' test FICL:

1.13 shows data foFa*CHREWiHREO: GOTt opwskieaghive syolehmpirsaas ghe,

HIW, , i one: expbudiment ‘of the nvention, the transimission s « llemry duty-

may

10 manual tansnission and the truck is propelled by the BTMG in BT node over
substantial distances and 8 range -of street driving speeds, in actordanct with,
conventional street operation. drive cyeles, such that the driver by necessity shifis
the manual trasswission fo achisve sireet speeds during the BT mode driving

séssion. Thes is achieved even though the ETMG may, in éne embodiment, be

P
i

conneeted to the tmismissior input via the PXU without the henefit of a cluich,
which is unitke the conventional ICE-driven afrangement in which the 1GE may
be momentarily dissngaged from the {ransmission vin the vihicks conventionat
B/ trangmission chaich in order fo shift gears. In.addition, s ong aspect of an
embodiment of the present invention, problems have been discovered and
2 addressed repm f’ur;_} stroctures and methods concerning how 1o shilt gears of the
beavy doby masual wansmission in the BT mode, Le., without use of the cluich
that -is ordfinatily used Tor momentarily disengaging the source of HDV
;}rcqgauis,éészz.
Ad proviously mentioned, retrofit systemy are known for addressing very
25 speoific probleins, but fiot for addressing a-wide range of street drivivg fssues. In
sontrast {0 the above deseribed dtrangement of the gresent- ivention, hybrid
clevtric vehicles (HEV's) for today's stréet driving conditions tend o be
ongitilly manufsctured for HEV operation, cg. transtmissions specialiy-
designed in Original equipthent mamufactoring (OEM) for power sharig and:
30 wsutoratic shifting.  Typically, these special automatic traniginissions integrally
indiuads all notevsary gears for bothian electtic motor and the ICE, and may even.
Tehede the electric motof itself, 1.8, mounted inxide the tansmission dase. QBM
HEVs slso fypically run an electric motlor and JCE concurrently a significant

partof the Hme.



Enbodi nents O the invention utilitha power exchange unit (MJ) in
lieu of a conventional PTO. . ThisinUeonttibutesto enabling the
retrofitti %% ;)’10/ ﬁ.n ETM5 to conventional transm ssions on the
&verse flé&at U #e wein described wi de-rangi ng pur PoRGTEUS2p084)72672
arrangerrent Addr essing the nonothically chall enged ownership
described heroin. Design of therPX1.1 is basedpartly:due
t hdi scoveri cs. segar dis pevPaL heAflded, W AN NS4S ARG L ALRLS are
encountered M he_ drive cycl esL of existi (r)l% rucﬁ f%} %ﬁtlgggﬁtf} on to

cont ranni ng t o *HEEPGHT griure of eeipxncdnese dut Iﬁi&P rﬁl%l afgfrhapdiomyi chasie of RD
day-trucks has oahsenipeknad Gawhif, 8ehfIhBhAlor | M> and
battery for the presﬂgnt inventi (;n anc} ha§ 3 0 &ﬁ@%&‘@{%{ﬁi é}&% iygent
of specific al g@?*f"t“hn%bﬁnﬁf‘#ﬁ@{“r direbldgy hé‘@ht%éitdl bg&mraf wuthesmﬁt rofit
electric tractisQe IﬁMﬁg‘Qﬂ%@@g}rﬂPE}ﬁp{g scil 8 QJS%HC“ %{53&9,}/ FIQQS,‘F r}*-,When to
electrically power the trunk wa”ENG t he
ETMG to. rec haf?{’éjem‘f"ﬁb seaptetdy {evedn ditay pwaoluﬁmdmg nmgebsngially mﬂuem
t o-aut omati cal lpygss %\Q& tL6huRek -k ) [de-so,
i n accordance w gh t he surge‘#?@e?’at@%ﬂ%%ﬁ@‘g&ce‘g?négrgL ﬁﬂé\/{:r@hts of
an . 11DV, -in SrEnveaiiioeiinie glass BEDYihekesTgtshidabie incties dppionsdidly i on
5 a heavy ' dubio 4 @Rk i L {
the ETM 3 in Erinode. ‘E){ ?é‘g%‘?zi‘% @?g‘ﬁ)é\e?%g’n m'ml‘m chﬁf{l%t reet
driving spéédsﬁ“‘ﬂ‘#}gaéwférah@ceénwcﬁ hed gromv ol iospmeemcbmatl on
drive cycles, - gueh thay r £GHRS it
transm ssion m"'ach %eveﬁu&ia?e‘g é\é‘g%%s&dg& hﬁ’t?’f 4 %W apﬁg(i“hg

: SSkyi | |, Thi stidepegdd wyckers sivoly qﬁmgﬁﬁlﬁmlﬁfﬁh{tﬁlml&ftuﬁ!samﬁinmnii ant
anoenbodi nf ent 1TRE B 1 . s DRUL, via the PM
Wi thout the ' boRefi teyglrhgEg %%,Ql %}% J({;\ﬁj t‘gL i‘s161 %fnf' FEPHEE SNt Bl

| CE-dri ven ar r St hEY isi$h 260 Iiﬁchminhﬂ&ﬁrayhdmi mmrr&inﬁmﬂﬁwdsﬂ?mv J\

- di sengageds fr gyt tran | vel tiel el.convent]onal

| CEi transi ﬁl ssi {)Qﬁ1 ‘Egt h. " ﬁ%ﬁ?tegﬂfd h% ‘hﬂel Gﬂgé'r“%‘%r K’/La‘éh‘“ﬂ”ﬁ% *h%ne
aspect of an em@dhmnm:iémn the HHESENre mnMelnstzmohm pr olkersdidhayves been

di scovered and ng str ctu es and net
cort eem ngl ow ;Ergtﬁgﬂzlg#i 33‘%%91% a{ ?9@{ ﬁgiiuﬁe gv;yp tﬁtv mﬁ(ﬁ;é'i}n%ﬁ Eﬁ?ﬂf*i%%‘l on,
in the. ET rmd@merf“ﬁzrqmwmﬁ@m puset @ibutihes mmﬁmmmha&nigsimrdmarl Iy

used it nonmengar. purce. o HEW

As - previ ousl y&rﬁeﬁ%'%éu g'}'&?%ngs?g“? Q? JSﬁjhsofl PSS ﬁ?ﬁ%ﬁﬁgi\ﬁp esé’i ng
very Spec: B Kk 'p*iﬁm disrigspe, Butirefo T spvicra doresdddng et g e: 'i’naﬂgﬁd;gmts'[ reet
drivingi ssnes, . ¢ {Qgggst to the above described arranget hent of the
pr esent I|Vent|on” hyBrid el ectric. vehicles (REV'S) for today's
Street driving condﬁutqrmn&umemd*f@m taaat)gmguqabxhwmmiﬁmlfma@fwn@d fr REV

-tapered* tf. (¢ a Suspee al | de5|
equi prent  manuf FER ’Bir |ng ng ?‘C%?/bm‘fm bk “P’Ygs’ﬁ’ﬁr“ ‘Ebu‘lgl‘rgm o) &H%MI C.
shifting. Tw caads'biy’?f}tt maeamm&mzsautmcm(m QO 18 heORSr box {noe

-mtegrally\ln ude neees; both: -an el ctric mator and
the I CE : &nd (r%r‘fga‘i‘/ e\ lﬁm"m?‘?ﬁn @Z ?ﬁg% ‘é‘@tz VB R by 1 T 1o (R8RS ed
inside the tr aMTM\&S_&im'lLiﬂa?Smb SEMﬂgE&ﬁc& “?laJ ﬁi@cﬁxy ir@abding Febigiean?,

el ectric notor,_an ncu a5| part of Ontime.

As previously ?’réh Pla)ﬁﬁ‘édcﬂf“ ‘c?h’ﬁ}éeﬁ %} )72‘1‘?"‘& P’*T‘Tm g%?f*’ﬁ’é’?""‘éﬁﬁb’”l“é& Wt only

]EO adfjress t hebanat lIrié, \@)E‘muagnag:adg&f Hwaﬁ @licrintsdr (@b g@%ﬁghqxa@i@?%ﬁgptl Oned
ragil e owner shi,p,str.ucture cor to a i ment of fhe

present i nvenf‘?]éh “%W"r"g J A ? éﬁ?‘%@%ig gr obl ems have exi st ed

tbr years,30ith I'TB.E\ﬂfv[‘*‘!i‘ﬁ sﬁ:ﬂ&&kfﬂmnammtdi@izﬁn RORdvTUIRGID 0 o8 Id, 2

| CB- based trucksd,L ‘g ]E em ssions.to nore nearly accept abi e

| evel s. This prigresdr ‘tPo h3SCRo ot $hid sPPyliredudeds wusyi |

fuel consunpt iipradnd haa&nf‘eﬁuul’)twdmuﬂl 8] EEXRE Bl Mﬁﬁﬁkiaiﬁu«% ;lclz@A S.

However, the sting ¢ IIDV ownership strUcture includ es
e?)§l’ %tumgb wkx:i.? Slfg battery 216 and mccm‘[c),al syStem 218 are as shows i

PG 2, Power oxchange onit (“PXUY 304 % coupléd 1o a transfer gear {not



20 address this issue, n retrofit Er systemia provided according to
an enbodi ment of the invention, Referring nowto FIG 2, an

ori gi nal eqiy gggz pRnut het pred NOV 202 is shown. Vehi cl =) 202 incl udes
a transmi SSI on ‘Coupled to an 1Q 208 by a clutch 206 FPCEEEPI0&H73672

| ever 210 is 'connected (not shown) to the gear box (not 15; Shown)
O transm ssion 204. Clutch pedal 212 is operated by a driver to
engage and di sgnagagesil, gj @hs&@ﬁm@ BRI @Iﬁ}&@h}ﬁ%@o RGN inSrefnor
steering vehicle 202, | al so I The vehicle 02 el ectrical
system 218.. i§ bé%ﬁ‘“étﬁf“ﬁy"%ﬁ’f %T%’(béqét’eF?“"?&%*‘l‘\mP@W?’é’%é%(har ged

by Int alter nagigri nah @homa: %\Aen@dd&yma%:%@&mwwhhﬁf ¥oS Yl ens
220 are:al so povvered hyl CE 208, 30Referring nowto FIG . 3,, a block

di agramis shofkaerd ﬁ?e“i""l’eﬁvm‘?b‘fu FY& “’i“‘mhe'f"t“’c)‘f‘?st?‘écf’[‘\?@'t‘ﬁ? i) of
system accoy di prvGGna R, m@%ﬁ@pf\a&fmé ReuPEESEMts A DYLALL R 304

Teati St1i SSi On 204, clutch 206" 1 CE 208, Fégear shift 210, "clinch pedal
212, Stecring WHeBP¥E9 458 BakPBFPro 16V hisid TERHE hal $pgriem $18 &Fé‘fas

Shown in FIG  ReiBowes: eex@MJﬁg@a zmu;n,d ctdficht e o Suske Oﬁtﬁdzé
transfer gear (not_._shown in FIG of transmssion VI a

port 302 (al so*PERaMEH s, t%bmhé&e@nhw@l A plRSA RS ppaleElist *Eﬁérvtm)
IRTMi 306 is geehami:cald e seauled. %09 Pk 308V £rSHAN,
"fiTMC, 1 306, The electri calj conrsleetl ons ofuvgg)ﬁi\ 18 }%nr géggnh{g% ed,
to rectifi &/ ivereerioands Kif 16400 Mk znsf;ustt‘wémbane@ttﬁﬁ healvesimput of 5
ETMS 306 to (Marge battery pack 310 when ETIVIG 306 is driven by PXU
304 to operate as a generator. When ETMCI 306 operates as a notor,
rectifteriinVefxdy ~@%&p¢@bﬁ}@h&ﬁ@ e adopegknekieeipical energy : of
battery pack 319 tg\hwg a=e : e PX1.1
30410 Linpet vehicle o Ilg\‘)l a b%ﬁﬁmw?& l%ﬁ?@ﬁqﬁﬁﬁlll Sil}%t“ \04%31204
Battery pack 3&@!4@@6@1‘% wmigsi o §9 mwmwmr»m By 28 Ky BBU400
YDC, i | WQ@&PQ%& Qi dDBad AUERL : — rin
not or node or géner aéér %iﬁg’b%&,&%g{&g’d‘%&ﬂn&éaﬁ e%‘%&g Lﬁ‘}(}{\qﬁf t he
preStait invermsiersstdi@oRTor ?Byé’f{ém‘fhmmume‘%’i“éﬁ @W&s odupked ovo t he

transm ssion \j ed, ' o )

shop- changeabl’ e%nw %nodrgcﬁq}?“%qﬁl{n erpqlf\)é(gsgé‘d{‘ Qenﬁ ‘hbqslli}’lmfifﬁfﬁ and s
gear or gears igfenilve thePEIL syshver éhcudpher Eﬂ%igﬁhérm&m%d%iﬁt‘@ﬁs over
essentially the s ; e el oRe di ment of
Cho o onh"t Gt aﬁ’aé? E.Q%t%gr%{ I?dr;‘]-%rnega'f&f drFaxéngjﬁx 'E* LRI IE!

SK2 181D0451.xa40(};w®tpfemmfn@ntmnagmge mét erprgendelat @rzif:%ﬁhdpm for both
driyer-invert r at e of
appr oxi mat el y%%%i‘glg'%j Fom rgg (3 ¥ fg?ﬂ%%?’&ﬁih?icgc&e? rﬁ? rm\éaé‘r ) agﬂﬁ

el ectri cal / nechdniioabt. qgwétr tt@mv@r—wngmtw islppovadt her enbCdi ment, i n.
indwtion notortinerator ia provided. Mtor speed-toique curve 25An
enbodi nent of the present invention :involves equipping an | CE-

propel | ed cl asdste@phidvitMitt e battery, control system PXU, and &G,
and

25 At embodiment of the present invention iavolves squipping an JCE.
propelled class 8§ HDV witlh a battery, control system, PXU, and ETMG, and
ihjecting, via the ¢leclric Mwtor, adegoate power-thiough the PTO port.at an
adequate PXU gear matin 10 approximate performance chardeleristiog of the ICE,
e, driving feel, whare the. elechiic wotdt provides the sole propulsion over &

36 runge of speeds Suitable for a substantial portion of street diiving, where the
upper Hmll of the vlectric ditven speeds. depends on the Toaded aveight of the
HDY. In an embodiment of the invention described hefein, the spesds for
eleciiic-ondy propulsion inchide wp fo about 30 MPH Tor cab. only andl up 0

abiut 13 or 20 MPH for a fully Joaded veliicle, ({Speed and electric driving



la:jet:tins, via. the :electric notor, adequate power through the
PTO - poi Lat an adequate PXl1l1l.gear ratio to approxiniate:perfom atice
characteri he ICE, i.e., driving. feel, Were - Softie
Mot et’ pro@ltddﬁ'ﬁ) ﬁ%e%Sol e propul sion Over a 30 tango O é?%&@.@g{ms}mzmz
suitable for a substantlal portion of street driving,. where the
upper linat of the -'electric driven speeds. deptiath. on the

| eaded. . Wi ght r@fgcthe m&:mhhd an u&frbiogllzd@cntu&fnctrh&m BMERIHAN. The
descri bed her e n, the Sp ee ﬁ ? CQ ? only propulsion i'nclude up
to about 30 MPEFRISEEH “* o?ﬂ y%‘*% &uﬁ(}p* Rghe PRESpULES- s gle PUWPIPEEY a

filly | oaded vehi leﬁ%*ltlﬂsﬁﬂ@@(ﬁqirdk ol QChEE GuolllilaY W@le o &RREE: IBY: 8-
extended by use _of a larger electri ¢ __notor and battery. ) The

arrangement i s ‘Cont FHUFESIFEUEH PSR suffigentiyoripg JrHES sudeuateskin

, i storage. Gapaedikdyy @ﬂdn&a@itm,gmgmaa@@gyate recharge-rates such
that in t he, gencratl ETM5 can ni charge the battery

nmode. the
sufficiently during HPP‘ e abovecemhigp Wit the grsbaiof: Bfﬁd?@ﬁ%ﬁﬁ%‘dﬁ‘?*‘@/l ng

-cycl e demands yaf tu@edads Widdod coc )ps:raiﬂal pr@bad HERRAY @b Q@le@%%ﬁmtob the
nuni bet of deep recharge cyel est.that the battery Can

Cooperate to proviiHife 8 y%it’féﬁl’(kﬁd’tf“%* Srspatier ébé‘BP & @f**?‘é’éﬁ*@?gb FW ng an

exi sting fleet y@foil AGner 8 110K, 8 MBhHL SLERENS. eihdid &Q&EQIMILE%IEX“ ¢ Ccost
-effective Manner. That is, in -.stane reasonabl e eetniontie-

scenari os tiHer ef*(‘}*’iizlﬁt“‘a%bl’aysfﬁf PO withigan rgpserable wespd idpsdl ‘ﬁ}it«i‘e\/\m h| n a
reasonabl e per iQgl.Dased:sa! ﬁal:tYWez‘?@a}\'i:@rdbiﬁ\egcc&n@'dm&&ﬁl C\h Ng)gt:s s() be

taking into account. em ssions reduction issues
assi gned sorne sdEnmy sy be geisned some mepemicrrelieat i on for the present:

invention. has r eVﬁ@}J*’QQ}Lﬁ;Q%} iblt L?ﬂ%&h@lﬁ sh@Phe e giaﬁhﬁ (B M& Qé ;[ he

ET sYstorn toluwe a rel atlvey rque. curve,
ton* isfiVail aﬁr&m‘éarﬁr‘yhaﬁh\fii@trt@ Iéit w@mymé:@wgtrahquﬁhﬁmtaqhwmme RPM

range, Thiss tQEfuUg: %Qﬂr‘lﬁﬁ&eﬂ r%f) G 3&?%1@? eﬁia&;{% Eclanﬁnt tgx dyij[% ﬂﬁt er

systens from ot her systens ans,
They, X0 out put 8&'pee: %aé%feéﬁfﬁ‘#’}éﬂ?ﬁﬁia‘ﬁf&% 9%@&%%@@&1@!%@? w{pm:al

shaft speeds Sg.thafe AGnQ06kE \Qﬁi OGS, pMing AR HR: B0 PN onipu
cust onmary transm SSI on’ ear mal m o ) ) )
speed cagses the imnm*}t»_sion 0 operale of typical shaft speeds so that the

aperstor does not have to change customary transmission gear box mamueal
3G shifing peiterns to oiifize the BT swstem.  This may constrain what might
othwrwise be o greater range of choices regarding sélection of gear ratios for the
PXYL I other words, the PXU oulput meets the tansmission inpus in a
belanced way that mindcs the driving feel of the TCE when it i aputs frque to the

gratimission, and it does so within transmission and FTMG and PXU speed and

o
L7

torges ndtations, whick may inchude mamifactwrer specitied leitations,

PXU has o large gear ratio, which is shop-changeable, and is wated for
both high spesd and high torgue

o embodiments of the invention, it is tmportant fo efficiantly move
poveer from the ICE through the tansmission and into the battities in JCE maode;
33 and then from the batteries back into transmission in ET mode, As 'such-;, an
interface {o the tansmission is provided that has appropriate, -siwp—chahgeébie‘
gear watios along with adequate speed and totque handling capability,

Bven with o relatively flit speed-torque curve, rescarch for thé present

invetion has shown that for the exisfing fleet of LS. HDV's, 2 mechanism may



20 shilling patterns to utilize the ET system This may constrain -
what m ght otherw se be a 'greater ranee of:choices regarding

sel ection tios for the PXU in other words, --du X 1.
out put - negulcosﬂ)gﬂhjh?r ansmi ssion input in a balanced way tCrTé‘ESZMSW%‘%Z
the driving .thel of the ICE when. it inputs torque to the M ssion:
and &dJoes so within transm ssion and Fnk! and. PX1.1 speed and 25

torquel i m tntl angy ¥-02 58Ya 'ﬂﬁc?t*ﬂ@@wr@@”'\!tﬁ @%Q{p@iﬁieap‘?&'lef dikion tor
limtations. PX.1.1 has a large gear. ratio, whic

i s shop- change®@Bicane Hid 1 BT medeld e st e Rty *315@9‘&? wlre opiaGR or que
I'n enbodi ment s3:0fst dileri ANEM R, cehdratideSG kmﬁrgb@%oéc? glblagleqt Ly move
power fromthe |CE throuqh the tTtaism SSion and. into the" batterl es
in | CE node, 3¢WdHEehen % sivrttive Baerisepiagnpia hk treves eraiiionibssi on
in FT mode. 5 ASgaia R 38d: mén%ﬂflii*&es &19 Hcflﬁurwféﬁ%ﬁ% b rki*r@c, R MR g)ed
t hat has appro riate, shop-changeable _gear ra M equat e
Speed and : t or GG @HERHA R gosaD B speedyp Tor gecermgn bui oA iht‘aﬁhﬂé PAtivel y
flat speed-torgue s \{&? fﬂuﬁ@ﬁﬁﬁ'ﬁﬁﬁb { Q{f‘%‘% &ﬁi H&r@éﬁé&l’» r'-n'n Qc..{,br%{‘ht.ﬂ%ﬁ shovvn

that for theexisting 1
still needed t%ﬁ‘g@awuéihéﬂtlﬂiwifp@m@r dﬁ@ﬂlempﬁwhne:rﬁdfpiﬁﬂht ék\lmimr‘mecn

direction: Tor gpLoOL fi(h o sl IR'L%?{IBQ«E o of ergmga&&jqpemttf'ﬁ C'ELIXG speed

up ..Wen operati ng e ot ection enerat
according 0 a¥ont e meich oBftheshelf P ﬁ\betmfmmﬂa’Ekpéxm‘mfeWﬁtimm aren the

present inventjg QQ 2 a@u % f0Mnd K@quf ué nﬁn@ hfe!h]; E gt %xwgzaﬂtnh‘g}u Ound

for tearing the E torque -up f
up thy generat*?iﬂig;jt hdtate, bwﬁﬁﬂﬂﬂf@ei@ﬁa}ﬁrt@tmls!umavauwnpweerfrifmmdutdo pray

id " e aStiffieleft I{,XM(@; ez‘“g?@ P“Lﬂi‘ ?I%t&e SFO{}Y@J?I Vit hegdeki ned

speed and tot* rat i os, urt el s ave not Mgen
found -to pr ovismz:sawsmmzaibﬂ enxtixmtﬁ\nézt* |pm|aurmﬁm*mtamummm thao nigupesind

Maxi / num 19 ,J i}fi@&éﬂr}& I:’ﬁ@[? \llm? f IE(I tﬁl«del%a% (}1 the G:fizgg T % cEn %té%:gré%u{ \t ed

for higher mts are not T que
limta of the ﬁ*mie@em»mnwnﬂzp gnar i\utm:hﬁetviue&e m\‘i&aporarz;emr}mbiabf @ for

t herequired tar i i end. 1o '.b t 00,

| ow to provi gg&!tz;{%l‘% 2n}§e§"l§ 108 :mgmlgo mnit {W‘Plf&cgﬁﬁ i ‘é‘%“%éﬁﬁﬁ%@?&“ on
and . anal ysi s o fyed; wisrsﬂmprsasxenmm Emyeatd ion aimdinest esqleliatit the lapeed 1
rati o between ‘R}QQE E 'ypd %Q}%ﬁ(}m@ 0 9%2&" ?n oqa 50%?2{535108?%%;?} '2%{ hce)

thtr input.of the transm ss

PTO port, 5 werkabiie ckftidg f?m?a“rié%vim‘s 82E mxis tio adutfoer 1h bmﬁmﬁﬁiﬁﬁﬁh rrent
of the present,Jnventd o e t

this rangeand lh{a{%yhpl\/éx?%}m‘ § mmmmam}m d‘fl)% gﬁi?“mﬁi’ éfﬁf‘ % and p
maxi num speed thisiigs méataﬂumdcéaskd%@m RPWtaiaeeempdal et 2uhmet  of

t he eX|st|ngfI A ather odi 1, 0f the
i nvention, thél §é)} 4 m?réwfzgﬁ.lﬁ’élid]}sgif"aiﬁgh IInlﬂriitl‘i ¥ tgoﬁ“éPm@Sasgt%g}SO bi bs
and a nai | mat rnnryspxgmd «fwr{;mnii 70 frdlis ch@Bs s45Q0R BN bt he

samept upesg. It &M, not ed that) ted nunber ani ansinissions
TR The S 2 1 eet of PeTACHE iR oy o R FOPL PR ISR 6 b

and have a 45Qﬂiimt‘l§:§ﬁhﬂbﬁ}| the EFMGThR: MokhBasmisidpital of faineaipl Brg to
the tranknais %l,?sfbh;q c%;a?:gssﬁa; ug,m mtvaé]edm'a%{inﬁim torque &t & speed of ¥-the mainun
gpeed- i omé port and-delivering the maximum spezd at & forque. of ¥ the
smaximan iovgue oul the other pot, as well as vice versa.
30 As an expériment, @ bélt gystein was built {o adjust an off-the-shell PTO
to thy-needed, gear'ratio and the system wax tested. Such-an angngement works
well for the purpose of delivering mechanics! power from the BETMG 16 ihe
transisyssivar soxd vice -versa, but it is heavy and operaies at fower efficiency than

- peared device which performs the same functions. The Jower efficiency is



port for coupling to the SING In another cinhodiutent of the
invention, the X || is capable of receiving the Maxi/M nt terquenta
speed of 0/@,%9 i.jntint speed in one port arith-deliVerin

Maxi num Speedmg?’ﬁ"ln?orque of 'A the maxitinintinique d&t" '?ﬁ%@’s@f”r?é?’
port, as well itS vice versa, 30As an experinment, a belt -systent was
built to adjust an.off-the-shelf. PIO ttithenceded. gear:ratio and the
system was: t esh@ithlicSuRbafBuaiical bORHPE MO K Wbtk Wmﬁxﬂs.e ovR pose
of delivering rrec;hanlﬁgal p?l Ver froth the ETMG to the :transm ssion
and vice -vers& BUIETEN SUHEEYY and operates at | ower efficiency
than geared device ndit€ihy pes hanGB, WhRISANErEUNGE bRNGaw LWL
efficiency. . nadtﬁpl J etlﬂiﬁqhoughout every energy transfer in the
system haili n@“%\l@r% digispk REESHl Apyerifop; b e to ETMRSH8ppd ng

new ORG 4, sdetahshsssh 204, RRN304nALRIINOWICE, nv@%&t&l%ﬂ&%sm&?}m
enbodi nent of he esent invention as it relates to ET

transmi ssi on 26%% HgPFEhibp s?“"é%rﬁ%é‘&"f‘%“dwtﬂoﬁﬂc*ﬁgﬂltﬁc'n%%H&’Fn sHEmEHer gy

transferred from khoQuahi thcBRWER: ﬁ%?&&%&n%“lﬂe BO%uER Mf gm the
HEW t r ansm ssi on, 204 is converted to el ectri cal ener gy “for storage in
the ET batt ery’ Back i S5 He some gy lnfgoving orelps. (grey diomethobattentrerk
driving oyol esyidFstiekal mam hacdhakt piRRGl. %%ﬁé@%}lhﬁ&e dhot h

t 133 eICtrlcaI petontial state to a I neohatil.t kinetic state 10

t hrough t hé® mofEusldl meRasle shafi which &. %@méétxe&\&b*m ki thg preseph t he
present Cirt hOgkBBithuna HRkaL) \\(@szxmﬁmifhmqmr.tqim kfhig.m M8 ENL, | oW
vol unme, and | ow cost is el ect'ed whi I s capa ’i generating

bet ween 177 it ¥¥%%ss} whigh duevaiepl- afnrxahgebmm-zﬂseelbﬂpmﬁm ombth a
relatively congingd &ni-4560urRH tnddint QFWL@\E%Q:& ‘E?OLRMY. ef‘ aver (he
Stored electri ca power now trimafrerred”a mechanical ati ona

ener gy passes 8 %‘a’éﬁ EKG 304, Wiich in this enbodi ment |s desi gned
to allow the interchaRgLQfA880S n%%ctﬂmg { '@n?@?f*mgcqf Qo 9’{& u&ﬂr

ft-lbs is converted to a i Xxinmumof from
mi ni mi zi ng t hePHEEXiTirugh £8P 304 RENED i SissemhoRpimt i {ablﬁmzil matirefthe, 000

RPMin conpli agﬁﬁh‘% dehy gt,rLQ,ng&l ﬁzsll' ngg(}cré[{ﬁpmaﬁﬁ%% i étprgqftixil tﬁa;“ ons.

The interchang e gear feature Tows transition her
torques such aBwSBEuGH fP3E2f talfprgeotbiteonigirmzing thh rpRinyaioghilg of

variation of fishVois@xt, sz%ﬁmgygp'dg%%%%u& %S\; migﬂge W 1'2?1115&%&10;1

mai nt ai ni ng t he maxi num out pat 0
20 manufacturer specifications.  The interchangesble gear feature. 8-02-A allows

transition ¥ higher torgues such as 330 or 735 fi-Ibs of torque with only a siight
vagiation of ETMG max forque output specifications while still muintuining G
suaxinim output of 2000 RPM.

Rotational snergy from PXU 304 iz transterred o the MUV transwission

3
R L)

204 throngh PXU 304 dnterface gears and into the fransmission 2054 SPUr goar
according 0 the cutput Himitations deseribed above to prope} the vehicle in a
dofined speed rasge with performance characteristics similar fo that of
comvestional dicsel engine opetation..
Dusstng both the BT moede and the IOE mode during selected conditions;

30 the EIMG 30§ dppm.b a REGEN Joad to the PXU 304 therehy causing
mechunical energyeither from the ICE or from e momentus of the teoving
HDBV w0 be conveyed from the HDV transiission 204 1o be conveved back
theeugh the PXU 304 and into the FTMG 306 sheft {n this embodimen nt, power

fiom the transimission at up o 323 f-1bs and with & 2000 REM wiaximuwn is



Rot ati onal energy from PXLI 304 is transferred to the. FillYV

transm ssion 204 through PiCti 304 interface gears and into the
transm ssi r gear according Ib the output |Iim I

descri bed ﬁ@oﬁ/@ﬁ Z(ngopel the vehicle in a defined speehéﬁ'}éﬁg@s’wzfﬁ
perfonnance characteristics simlar to that of conventional diesel
engi ne operation: During both the ET node.and the | CE node dati ng

sel ected Cond|$i32}0<ﬁ'5ﬂ3 193&»{ daeyide EVR:B00n appld @9 7anRRGEN W,0a4d stonrpire PX11
304 t henby cattail: michanl cal, ener ei t her fromt e | CE O from
t he inti ment un®% ‘F"‘?‘hé e h‘“b‘\ﬁ“lﬁﬁm‘wqdd%é UEHY SYEGL o et ey

transm ssi on 2Q4sd QeRe S@NAXEdaRBGkd BNLER diifecy¥d isloaRBf anrdid nto
t he ETI\/[BOG Shaft 1n this enbadi nen nt, Réiwer [ i bm the transm ssion at

up to 325 ' ft-TBETEAEe Y PreRes s oot MukHicHft ¥onverted to power
with a maxigrum torque of 177 ft-1bs and up to 4,500 RPMrelaXi MJII 1.
Such a torque rating and RPMrange is suitable f or power generation
in the presentkﬁﬁ%@gﬁ’ﬁéﬁt and based on known drivecycles is capable

of folly charging ts@@“i‘@ﬁ*@@‘bh%rh%? ﬂoﬂuﬁag&m gel iptn.iilsg}i@nﬂl&iﬁ pok. | ess.
I\/bwflrrgbrackpt e sinply baited Mectly to a

“transm ssi on PI¥ERFpe %%k\fé? the giepg Sy psapuprs d iypied 5 higdent

system encount @fse-aRd s hankatRe Ff’iQf, :ﬁbﬁ!\@%mﬁp&;gﬁﬁn Iuglnﬁzguﬁ‘cn%%ﬁ&t' onal
PTO, a conventjonal Mounti n(é arrangenment nay not Ii be suita The

PXL. 1 al sotgentr &tede o Ghb Yol ﬁ'@wf&%d@ﬂﬁ% LEVE AR b8 itensniifsigeiver at or
mode, arid outgfakR@old ANSHE 86O RalshidiRh o m@nf@&l@& %@9&1&; by, in

an enbodi nent of the present invention, the purpose- bui | 1 has
i ntegrated bralkesedinpyt ﬂ%v pregunt ientiopailie ﬁiwgﬂi’éﬁﬂh%'élhngi'@%f‘%ﬁom in

FIGS. SA-517 i 19%1@@;@' j‘a I A8 i | RC Bl RRS ol mLﬁsuq" & g?‘ag’ldts?‘cf it 1QF eg3pOper a

greater area of the Stransnl I SSI on _housi ng sep arate dI’I ve train
and: Li - bol t : cotigitemy iaratew: f ofhif |deskritasng tnmebrmsi @némﬁﬂr eori on t‘mas

wel | as al ’i*ﬁ n ”Eé?&mﬁ%zr &%?;39 r!»’é separafe AN z\ei\ |l M}Qa&é}ﬁiﬁ B Go

si de vi ew of brace shows eal s as relatin s enbodi msnt of
t he oas audi ts»iiFféfﬁ‘M‘P@ﬁ@m%mt@“‘Eﬁb’“@ﬂ@%%*@lﬂﬂus SSQ. FIG SAIS:

for a typical g%% &ferrlﬁr»@d ﬁ%ta,ag&% J8h anae Hg&tsho@ OsMgne a

clutch 206 is norrra ocat ed“bef ween transm ssion 208,
and where a driiﬁ‘i\m&?s*héﬂt clﬂﬁﬂgmlmyip]%aﬂ?ﬂyiiwlaa\r@hf@nﬁnmmh%ol‘@ar of

transmi ssion %%mg&,@ FRRtA 3di m'{@%a1%tz%§9mmw 11 gnl},lzagfn R 304

enbodi nent , tion of transm
attached t& t hshdverariyic %Iéﬁ‘ys vmnfé)rﬂpgsffdchwh‘aﬂ@(s&’s‘&%om u@p2issBeédiise. of

75 the high tb‘{ﬂggf ca'pa% L ﬁgﬁ%ﬁfy‘zps?gﬁﬁ%%c%& ?ﬁngzp\&mg$q? bnito

enbodi nent inc es a aped erred to
as a "bracken.a iR &!‘Hﬁrfsiilgitﬁﬁodl i ner%each side '"Err the' brace 502

heats o the transyl sl OMASRERSORRLE ORANTLALI BONSdBXE, 20304 WL

slightly I engthened noun ehd: 6f said
bracket 502 bdt¥is 3battaied niaﬁs‘mvshntjoum@msm tuh:eﬁlmgm:}? y Bt:*csiuw of

301 engt hengg Oihtl- hz&ﬁ %?&%%!pﬁ}mg&ln fﬁ&é&@d herein, the present embodiment inchudes a
“broken-U" shaped brace 302 {alyo referred to as a “Bracket"}. I this
erisbodiment, each side of the brrce 502 Liolts to'the iransmission access past 302
ot sitached FXU 304 with slightly lengthered mounting bolts 504, Samilady
fhe top ond of said bracket 502 bolts ® the Uansmission 204 with sliphtly
‘30 lengthdned oil retervoic bolts 506.
Suehran amungement allows the PXU brace 502 fo caqy a portion 0 the
gtress o the iransmission 204 bousing 520 that would nomially be carried by'the
ransmission, o1 reservoir 510, thus loweiing siress dn the transmission oil

reservelr 310 and preventing stress fracture due to metal fatigog,

10



Stich an aiiiingenment allows the pxu brace 502 tb catty a portion of
the stress to the transm ssion 204 housing 520 that would nonuilly be
carded byT ssion oil reservoir 510, thus | oweri .

t he transn?gs%gﬁniﬁk teserVoir 510; and preventing Stre??qgﬁg%gﬁiggp
due to netal fatigue. FIG 513- shows a view fromthe rear of
the PXIi brace 502 as it would be oriented in "typical installation.
PIG SC shows a si d&d\vireilooes athe zﬁmﬁkaﬁuﬁﬁ&m;mm m:z d\u‘v.c}ul;ﬂ%@ SD

shows a cut: away, rear View Q nmht t es
5transni ssi on IO ¢ SRER; SR ‘h"‘bl]il%r éges\/‘b‘i § s ‘10“' éﬁd“‘ﬁ%ﬁfi‘%ﬁp
-Controller only. Rel enting nowto FIG. 3, the electric traction-.

rel ated system of“ diintatts of tit& S |nV|t|t|orc nat ant ,
for extutiple, i?(é“t OFPES & {L AR ‘“‘ﬁ’(ﬁ""f%&g SQ{SL bRy & 18 ok reiglgs o

_exi sting vehi i@z_ln,%}:ﬁ@& 24NirasdRisdsPEties@foiamioambosimeat of the present
i nvention, -includes a. progrananmahle- vehicle integration nodul e
(MIM 314 coupled to _a notor controller 316 (collectively referred
to herein as tmmg@ntroller 312 .O the "ET controller"” or the_ "ET
sySter) Co-Vel ler" -and is distinguished .frent an. CEM |CE, and
cauxiliary .systemEHMHBPPEr ) F 4|(%e3E*Tnc 8ot R afited ViR r9led to

t he. GEM 10ECANDMHIBS:cEMSE eﬁi;&&m{*%»&hﬁm%knﬁ&ﬂ et LaRkpRDL Wivoht ¢ tM% of
t he vehi cl nmot or controller 3:16 portion of the

control | er ﬁ%lzﬁﬁés ‘r‘hﬂé‘b’é‘hﬂéﬁ‘tﬂ“ VRRER ¢ dn 8k asreg of ﬂ%b@éﬁ’@mf‘ﬁﬁ HRTM G

and each ai nt ijrbsafyinv@UST, SHBIHRL Qrpmn&srgnamewe&mﬁ iAR¥ Gk ELVAS88)Hal T
conpressor notor for vverbrake hydraul i ¢ punp notor for, power

_steering., antdt\WeRRISHEY B30HT Senedier 3fl"‘hé‘m§?‘fﬁvé?tférﬁ%ﬁﬁr@c‘é?%’éabéﬁﬁer

from t he Pr Opulegdi@nes~habterve 40 {.&ytlmﬁcg@ f Q. W@Q:l}o&%gﬂﬁvpiﬁléﬁ

"W dth nodul ated, 3 phase, .230 VAC to the driven notors.

inverter is cafb‘é’l%‘é“%ﬁ fewhes SN AGE o ovxidipeegysiemreonselisr i oﬁb& ﬂhe
control | eryhas,adays m‘%‘ﬁsh QW@@F %]5&“& Qtl:,ss@\t&ﬁtf%(.{aﬁgs FReRels ' n as
"Power supply") that is lg. & to supp y the conventiona

power system f ’P%"“vﬂ‘%ﬁf%?éﬂ 2, and to 'keep the Conventi onal 1211
batteries 216 char ggd. madsh@s lﬁﬂ;ngsg@% EQ}% I frcgont.rol l er
312. enutroi S all of t’?l% el glctrl c tract |d§ﬁglrﬂe anf? r%égo:h'é% fignﬁ(}%l ons,
operating each:umeertonvetrsymscontelied fari KEYGatndt tieb sariguy syeeded at
any given timg,30Ihe r%%étxﬂem{}'@%@%”%'&m ool GRERGor powver bmmc
capability, accordlng to whi ch control é causes vehicl'e 202 to
Swi tch frot | CEYRBFerter FoddeDeE ewinreg apd Wéﬁ@?@%ﬁf G1shed o‘é‘atc

whi ch i's respaBsiye vedefol Jawts% S TRl S BY P8o6. he

' CANN bus. bi an enb?) |m=§)n mm Wﬁ eﬁ(tlgn{ y)th |n]u$§p} %bmhh
battery state @fi“*bﬁé?»g‘égd(}? 13@@1&“94,- 3@#1@1%@%’)3@6(1“ ﬂaﬁdtféfkie matoor. Bastlal
position, | oade;;,i wel gt iRfe ¢l hi,cals.pas i, ;gear
shift button at & 1e’llse{i\e(§£nlnloi%1n§tnéﬂg%ﬁ‘% i %ﬁi ??%s%s}gge}% ‘g

posi ti on sensdiy¥ %iwg:ﬁ pnngeb § 1% (degpfodet tmheat;fn aatioret sl 5wt ish
states, aifs congl bisaRnGie iR fonal B¢ HALNCATRI &%ﬁ%rwdems bl
and brake air ress b.x s. :incl

accel erat or poBd inpmmbive UL¥ Hma@"teaéﬁ'bphmbl éhamﬂ»gmlmecrtm*@ﬁﬂ p{)tmy

di sabl e relay,y;sLal %tu%ﬂ@@l IO nt%’y\ﬁ&tr?tiﬁag{}szﬂg 3&9 mq‘ic%*ﬁ:mi ons,
Al C.control, cooli ng cOn (I Nl al m contr ol i gaugt
drivers, | CE 'ogtifiiy] danh itinnmmc'aﬁms tefedad -wi ot thetdutihug ng‘)i o gt wglgbeenak e
air pressure ggpaprasor control.

ki The system has sutontatic swiching capability, sccording to which
ooitraller 312 capsoy vehitle 202 to switch fiom IGE mode to EY mode
secordihy o predstermined logic, whicl is reéponsive-to fputs, sonie of which
mdy be reid from the ICANN bus. Tu an embodiment of the investion, the

ipats include battery state of charge ("SQC™), engine speed, accelerator pedal

H



10 Cutch Mdtor The Controller may' eng, agri and di sengage the | CE
dutch. 206 using a 12 worm drive feed. When the clutch |s engaged

the user ¢ nual | y di sengage it, Oncemruati on. in
di rection; Wbﬁ)ﬁ%{g,’gmg: until the target litit...st;yitch PCEIUSZ{’OS’“"Z(”
activated.. Inputs: Traction node from.Softwarmlnput limt

.switches at both:crids of. travel (2 digital Sensors). eutpals: 12V

relay to cont rQsioidh, N 186k8 QUighdd Vs e,f;@!eaymfuq%sm%@ﬁm ﬁgcegdg Lk %t‘"Pedalcu

Qperation: Di sconnect naccel “erat or pedal from OE E
measur es pedal FEBAHF ¢ Hﬁ“sﬁ’t‘i“ﬁh‘”&‘ﬁ&ﬂt FAAS ﬁ‘i‘%”?"&ﬁﬁf‘@‘pﬁ%ﬁe&@ﬁ@fh&ﬁ} to

| CE ECU and tr @ty QRudDk@Laics Okt QhJt@l statbdI DAt &ﬁ!ﬁgoﬁﬁ{)t;&%{ Ghchudin
Accel erat or pedal sensor EWA siend. CQut puts from contr ol ’5’\/\M

signal to |CE *E’@IB"*“@AI@Q%@’S%@H Wl bt Fip Brepgtcor SR @FmﬁSﬁmi?* Bonen
Qper ation: fel @yup I*@}El@&@ i'(*@ &%I@Eiloﬁbmuﬁ%t atlﬁﬂ%“ﬂ&%a@i% glm,m l ay

can act uate STA en dent | oper at or ceni mand vi a
button.. " Al | of df%‘?iﬁr ' BRT ¢ ka'rst wmm* stegrinageptng, AStcowml woplpgt s to

Control I er 11 n o tew
o1 oSS e csRGE o L Bl e SR U BB b |

i gnition key. ﬁéf‘é‘yms}aﬁki‘miﬁidfd?fq&‘w%*r@lt‘é’bﬁfn@é?{géndent ly of ignition
key.. Key input to REV controller is sensed ahead. aridly, .Allows

torn Of of ICE MIk key hi un Ismitton ke.V OFF disables both 13-
and | CE nodes. ClReh dy@PEN di sabl es/ shuts off I CE. Inputs to

controller: ETIK: sﬁ E'Qﬁ@)lé%'ﬁz%&«%ﬁ &1%'&:9&%5?% ;ﬁeﬂ("ﬁ‘ h?t!:}g% dsing a 12

¥ oworn diive Teed. Whee the clufth s engaged, the user can still munually
disengage it Opodiacination starts in ope divection; it conlinnes until the target
it switeh o activaled. Iputs: Traction mode from software, foput limit

15 switchos at both.ends of trave] (2 digital sensors). Outpiits; 12V relay to coniro]
divection, 12V relay for ON/QFF.

Ageelerator Pedal
Lperation: Disconnest gocelerator pedal from OBEM ICE BCU. HEV
20 ECU.measures pedal sensor position and transmils appropriate signat o ICE
BOU and traction motor contralior.  Inpuls o coniroller: Accelertor pedal
sensdr PWA signal. Outputs frome controlfer: PWM signal to ICE ECU, CAN

-message o taction metor control.

25 Stort Buglon
Operdtion: Relay pfdmd in parallel with the START butten, Relay can achuate
START independently of opérator command vig START button. Adlows furn on
of ICE without. pressinig button. lnputs to controller: TFO8 engine spoed.

{Ohstputs: Relay {o actuate st signal

Ipgition Key:
Operation: Relay {(NC) placed i serjes with jgnition key. Relay cie tum off
vehidie mdependently of ignition kov, Key input 0 HEY coitroller i ssnsed

shead of relay,  Allows tom off of ICE while key 1§ on:  Jgnition key OFF

12



Gear Shift button 5.0p0 Si011: press button whem shifting gears.
Limts torque on elecnic .notor: .Allows user to control speed to
shift gear %WHL’ 3T node. Di sabl es nen, allowng ICEt

gears as nort 'Uits to controller: button on shift PCIT@{)Se?OS""nmz
O apots: CAN nmessage to traction notor control; pedal position output
to ICE ECU. 10 EI /1 CE Mbde Change Notificral ann Opcntion: Alarm

i s sounded bef &E&*i&s%ﬁi&liﬁganh% Gaey Okl AR Sblg RN @i Bhus R | CE
node software, Sig:nal _to Mpon that Sounds , peri od| cally

uts;
(-2/1z) 15h shiif Bip FliHderatcosiviRdoutpye ReBheES circuitai md
controllers described herein May be one or nore progranmabl e devi des
havi ng a mem)ré and a processor, wherein the |ogical processes-
described are H&¥aRHOHERY by programinstructions stored in the

methory, i.g., the MAEESS8&s Bl ﬁrpéneamﬂﬁrﬁ%ﬁy 1Libs @{;Q&eéxsgécuﬁ@ad' ng
the i nstructl ons from menory and en- tonna Sw tching, fromthe

|CE node to tREURAHpdetset Reowshepst fethils sngovspgn Bl wndas Divgblan

act uator to engage fdifist FUCRSHEUNEN ﬁ&:ﬂﬁl Inf .auke*axxtbcqtew@)@{k»& J}le,niﬁCE
and. transmission) over a tine interval of a few seconds.

interval all om@‘%%ﬁ’i“ﬁg{’t\ﬂé‘ﬁtﬁwﬁﬁ‘é’rﬁ“ﬂ‘§§‘i‘3blﬁf"§fpe’édﬂ‘iv@%# mﬁémh@tw tos peed
to avoid cl ashings@ears. The.corarolier then energizes

ortl e-ener |zes a. relay that shuts off the ICE. The automatic
engagenent ‘and di sengagement of theolutch is onIy -. necessary when

t he -changeovegrhet weahcEL.aRdutERifs | CE and 'El is acconplished.
Once in ET npode, the cl utc‘l% ?s‘no us‘ed In TCE node, the Clutch is

used i naconvent i onabrefagiatifgrm BEouDdEd bafere itwniET IR @& or OFF: Mipels iver
may tQritrol the BMpphgt h@d@Qg &L, abQﬁm:QeQFelml > xﬂgf? BaP OB %J en

sensor: has been added as part e previously tioned retrofit,
whenei n t he pos¥pilienlydetiBok is nCIrfl gured for sendl ng a. Signal to

the controkfer. The $i,088huhfrd djﬁﬁ that &@'Lbéu%z & n{)pgam&kh@&amh% he

position of thMacr, el erat or
magni t ude is p?%p%ﬁt*%d?ﬁa‘l’“ﬂt@‘ wpks mwmmdﬂu dmnceerizeuea:rbordr:mtm t'lhe

si anal cont af g gt BLL O LILad 8L AL SBARLLONS pRARHL T 015,

In anot her enbodi nen e con?ro Fead exi stin sensor
which M n's SABS{gRS48. at«:ﬁard ipeibpynewions i.t.o tehpodeSEs g sa&b@meacfboyrﬁim shed

by Qutputting g, &%Ercgg@é!%e%ﬁgﬁ%lm%ﬂ}nt\ Amb TP LREIG R, 0T L0

nmodul o (ECM o IVer T el ease edal
beyond a c'é‘itta| n péi miteﬁthvatﬁmsthprl@aetoeﬂmﬂxedia&m tﬁ}ep{miwﬁarcwmsmequest

output: positign., the; cont fx&{;!m mC@;”vg ti{) &T an%%t@‘?%'aq(ﬁgler?‘?er.,at' ng
responsive to the posltion o e W't he ze -
b u*; the JCE and traa\ms%«.mn} over g time um.wai of a {'us seconds. The
fime intesval allows matching the iransmission speed with the woior spead fo
avoid elashing gears.  The controller then energizes or:de-energizes a ralay that
25 shuts of¥the [ICE, The mutomatic engagement and disengagement of the-clatch is
only necessary when the changeover between BT snd ICE ov ICB and BT 35
accomplished. Once in BT mode, the chutch is mot used.  In JCE mode, the

shuteh 1y uaed & 2 conventional Tashion.

30 Driviag in BT mode
The deiver siay sontrol the BIMG via the aceelerator pedal, Muse &
position seasor has Betn added as part of the previously mentiosed reteofit,
wherelyt he positich sensor ig ‘.ceﬁ‘i?gnmi for sending a signal t6 the conbrpHer,

The sigual is i sofie way propurtional to the position of the accelerator pedal.

i3



10 torque -0033ition. This is a formof regenerative Miking, i.e.,
provi di ng decantati on and power generation in Soine way proportional
toI\/bped In this way, the ET node works nu

woul d - t?gjrﬁﬁglél(?:@?erati ng the vehicle or | ake braki ng?)%gﬁ'%z@gﬁfzé%
accor di ng to driver input. In connection with shifting gears the
driver presses a button CMthe gear .15 shifter. In ET Mdde. this
button causes & @han@edihont iﬂesw nia@a&nﬁ@mﬁr@lahﬁzhatwgt&xﬁ@ tih@ne

accel erator ped troII t he ETI\/E so that Shilling in the ET
Tode ool o nor Gk e ey AEG SR SSPelint Ak b ons e

to the button E\&h&tﬂ@@nhrd@t\iﬁﬁﬁt!ﬁabﬁzﬁﬂhtaﬂ@%Gdt&)ﬁcﬁt@ﬁiﬁgﬂ%ﬁmkﬂg $R8 sensor
accel erator pedal ition se that the driver _can have nore_ fine

control over tREEINMO™ SHeet 3 aDikebpadate bedChmvtirorcctHRsaVG i s
propel i ng &heqvghiic & 98t 31 9APLRAI M ttmgﬁr&i@éd;@&»zﬂ%ém@é&%m or

. genet ater. Thusq the |ETMC.3 wil | " sl ow down nore ke antCEsIows
down when.). t B(p%?ator |l ets op sone on the pedal And theEM G is

al so easier for thefoper@tel biBsske\dhedd! ObABnBRPLORE %ﬁztsﬁ&e@k when
down: Shilling. 'By taking thee actions, the operatorw || put the ETMO

into approxit nBEES R 3T P GHE CEBITRIYES OBipuY s ipe the @é'atﬁf-aﬁuf%@aw shill
gears much shi kti0g:bB8s kébratifd zlnét*Wtﬂ'Fd M cHnfBord Slind ;804 hRwURE,ckhe
Mdi thr shlftlng gears for the I'CE after starting up in first gear.)
.30 Sw t ehitfg PENFCERSNEe. This 18 arrf@nt rof CRERERY ¢ PRk § U i ingT
power until sugh:d % a8 Eheaek n@&fﬂrl her qé?t 61 goel

condi tion desi gngt (;d for %t\/ t éh |n‘g 6 m o (%Uﬁwﬂf! 3 %{SWEQ{:;Q
Condition. is W&e thehiesty bp 5 mady téé’t]ﬂacllmﬂw§§L e e %ﬁ%éﬂ“iéxﬂé@dfs a
predi tterrai neghosp@adie Laake tt;a E\Pﬁ%ﬂn@’rtﬁeghﬁﬁé RERh DR Al B
controller's menory “Thi's predeterm ned speed is apkaOX| mately 15umi t
| oaded and 30npl i é%tﬁmé‘ﬁ"r"vﬂ|"T??ha3ﬁif@tﬁ:ﬁ§at*r¥§«’r\@m9# PrEtSes 4 e R 8w, Sétower
if the batter wai‘ﬁ@ h FPWodd 981 'b{i'l%n Dul6 PLASEN ik W 1{3 Qn t%ggt
deternmined that electric povwer is |ess Fuel et cent t 0o

in many cases BHSGE "’t‘ﬁﬁi“s“@é)@éer pedal ) e pling the EAM{G b @mt‘mﬁ@t ?@GEW’I c 5
traction arrangeurpl xdisehasedRLELICI 068 Hhendly, %%ﬁ@;ﬁﬂbh%m
transl ating energy fromone formto anot

efficient to uBBlERe epsyiyythondetisyretheg t«t dmg@meawewéﬁdmstxm @it
fO future Usey,ThesEL . Bl & k ik tery
and ETMG to cotme%sgtg Mﬁ;ﬂ%ﬁ}a(?n{# i?’gil“ggﬁ?/‘e%% f[f’%tgf's i ese a@é}g\g‘gm ally
at idle and’! Onttlor e ™M i nowpeliva Sgychitpind 2 motey brivghnvetmaioser as
ultimately all, E&%mﬂ@e’ﬁ QX Iixgrf‘ iﬁ}:r @ﬁ%hsﬁpﬁ% ;fn&%rﬂtﬂkﬁ iSZEE‘k\Wa {g\)r“(ixl

Mere are effi CI @ncgzr osses at every step

maybe acqui r edwhrsfir epciatirtittaby sperat th@m)ew ohrnd t\le ié}‘«@ét%r‘zi?o cgmrdvr Ther e
are iso incffi \ | ahthd. es,
i.e., relative yg%&l %s %%ﬁy{l} 1)§)H’gn% %c%%?'g}a ‘gﬁ(lﬁ»gg Iﬂtgé‘ﬁ ‘éfﬁzf *ysi s
and testing th@watwmﬁlthﬁemdti%wﬂ@w ttlotqmuwapbwrﬁwe@s sightvpn.
ineffici eng,{ es ni t) T, e r S. n i g

| osses for 1 he t{t%gﬁyau r{lgl ge ‘n!t:i ngﬁXﬁt&‘t mmg n?ut q&n sﬁhﬁ% tB@ﬁS}- Iqér%rbgner gy
consunption bydfopseﬁi‘atmhtgmatﬁ ysel ke aamii tk}mvhzttmg qumsfooﬁk §@heds: starting

Anot her condi tionfQr.waich the controller swtehes bank to | CE node
is sthere the onfroFT ef detects that the ET batteries have reached a

preset |ow state 20 at nerge Anot her condition for which the
controller switches bank to I CE node is Wiere coin/Wer-defected ETMO
eurrent exceeds a predetermriell limt that has been programed into

t he contr ol er‘a\sfta':n'mgm})(‘mmcch is due to 'the: (Ml er dethanding

| orgyb out put/ (vio.th | er at ] € ntinyously 5
o OF 1 ded byt hel | TRETPTGH L RhpdE e ok B RRRE5s SRR BR "
shoul d be undatmstssaq;m&ttmbm&teumm@: rineiated N sl&émﬁlt&@%&&&d IR plodeu 01

mxot torque ij the various &mo' contexts,des I’IR.OP oreint),
n Sach sondition 13 where the contrelier-detotit icke’ speed exvedds w

piodetermined speed that has been programitied inlo the controeller™s mémory,

14



Just befere the controller causes the *ehicleto swilehto | CY: power,
the controller sends a signal :energizing an audi ble .device in

the' cah t e 30 driver of the "switch. In -s i

the ET nog‘é}a)toztghdtlﬁpl&FCE node, the control ler first Star&k?ﬂfgﬁﬂg&fﬁ@
which may -Mate fitely.sineeit is 'disengaged fromthe transm ssion
by the clutch, Which. is held in the -di sengaged position by the ET
system cl utch gt }:b@lt@«fﬁmt{hle){ﬁma@a appfbiiuV@el DYs M Brdell REEHERNEH LAG43 T n.
the present: enbodi ne S%kes Control &f the throttle and revs the
.1(3.E, to an ﬁlﬂf\‘/ltm*" ﬁ%%l“ Kb Ry el dis Wiy SOCCR™ T15§%hBel Us

is fixed to thee trtaaﬂﬁmtﬁﬁb@ﬁh%'d%#ﬂindm&@ewﬁgbti\i‘&@dlk‘ﬁ’ié fuehcfkibQlnglevi ce
of the present .ET systemis coupled to the vehicle's conventi onal

throttle |inkayd ¥&H i MRy BEE éi")(‘f‘éﬁl""e*mt‘hé“ SCHSrEIErS IO Be it et ¢ )

and receives amgant Et@iﬁ‘*&h%@ksd@&@th&&n out Bl BY HINQsRANLIRkkiSi The
control l er receives a si gnal froma speed sensor. over the vehi Cl e

comuni cat i on BHEY @Wa BT RIEIR G A I i begrae eRB IR WeihR $BYand i s

progranmed wi t Elt sotly thimy oAtk Qﬁ?st{@ﬁ riﬁlt@tlﬁ&\é hendepsukadat o to
the RPM of the ;transm ssion clinch flywheel (Note that. dependi ng on

where the | CE @chs OfrdhpSiafipy nd ﬁiﬁé?ft FaprSinsPe fon thelierdel phlgel RPM

and the | CE RRNLGBY,; e aEfé?e%Q@Eth fok ue~)mT&’b@5 gatrol ler adjusts the
throttle |inkage output signal to a I\/G rotation to M nch the

| CE-rotati&h to thdtadbithehicnkimss féhtht ey TR medsrmgt frep
processes the gpput HLom thﬁa m@ﬁ&“@i’c&ﬁ%&éq Redal aéﬁ%%,?%dé"@@k‘%ver

val ues are appropriate to ETMO control |l er
this is done, ‘t"-*ﬁé’mt?dh’tﬁ@@ﬂ“ttérbif@éh’e%lﬂhﬁfsfi'@ﬁalfmtlﬂht Recidoroh Abwsaror to

-15 cause the actyalOL.iQ 5! 0WiYe ti@'ItBVYI\wEQi%ﬁ qttut»qbwtsot@ng@g@e;y
"Slowy" in thi's context refers to conds, in

enbodi nent of #4vé igsegl nhipberntsiesg fmﬁtdﬁbmémlﬁmlti @ﬂ’d tevinothiv 2y h%ﬁ/éélri | &
rel eases contrgl, t@:fg,zéxh\? L;@E;RL&' utn E%%cﬁlt‘t{ﬁ{tmﬁﬁg‘ﬁtt Q%&tﬂ’d?ﬁ £Q

detect driving conditions. € system eval uates
driving condi tfgngeadite §@t§éctes i‘goff‘fe@hﬁtc‘g}él tnathesmf»’férs 2N BNs

responsive 10 BLEJELELTMAGS, A0 LLONR PRRRACIAR & Chcke abl e Lo

oper at e eff|C|ent‘fy or ema |t|ona the ICE. to
operate nore effi citenfiycondilipi®r whike i conrmdiict $vdiibss badpe AAE ngdoi

battery state Q%ﬁctk‘?ér% E&'hi?te&oph{ Ak ‘?rt t@;& hef v‘é(«.g.é‘t%ﬁ agﬁ_i‘?% LQlque

comand to the causi ng ‘the
pur pose of i ndisasi ng el ectri cal current generatl on, i.e., increase

battery charge rat Qunothor condition for which the contrefler switches hack 10 ICE mode is

whera contrblier-defected RIMCG surrent exceeds a predutermined Hinit that has

fisen grogrammed into the vontrofler's memory, which & due to the driver

demanding torque output (vin the aceclorator pedal) that'sannos be continvously

25 provided by (he RTMG (which is motoriag in ET mods, of course). (It should

be enderstodd that mator current may be measwed in lew of wotor torque in the
various confred contex(s deseribed hersin.)

Fugt belvive the controllér causes the vehicle o swilch i ICE{pmva:r‘, he

confrelier sepds a sighal energizing an andible device in the cab o notfy the

3G liver of the swiich.  In switthing friom the BT mode to the ICE maode, the

comtrotler first staris the ICE; which may rotate fredly sincd:it is disengaged from

the tapsmission by the cluich, whick 1s held in the disengaged position by the

ET system cloich actuator, Next, a “drive by wire’ inferface {(J1843 in the

prosent eivbodiient ) takes contiol of the thevttle and revs (he ICE to an RPM

15
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Sel ecting the generation/charge rate responSive to state of the .Et
battery charge Includes, inane el/Medlin:aft, selecting a higher
Charge ratgoB86PARfkEve to a | ower battery charge state. pEQlys % %Hﬁk%
the einage rate selected may be proportional to the battery arge
state. Selecting the:generation/charge rate 30 respOnni ve to Wet her
additional load ill. Cause; the ICE to operate nore efficiently

i ndudes in etisoseirisodibingnibs RIFe e gt chghdlywhictheris 5hair£gemmalhmmima
responSive to {0 aqy e esel he
efficient at hﬂbLe\rQﬁ{r{é%p%&g{» %M%If%é Of(ejl%"é%” melgﬁlsh%mf oa "8"'3%“ ®
transmtted Mok m»%tlﬂes\tah1cc%iteilbﬂhmu(ns,kmagﬂ{b@8 ztmtttb%@ip ihn aamrisrator

pri bedi nent of the. i reeen cur .S

hat t ery- SCC, E r?E gne“’ H’Elquq 1 “m%gf" ‘enflfeiﬁ’t s n?B“%Getgm éi?:%m(ggnn%%ded

in diffema S\Lanmnbawd&msl%eagani four 8 gred pRyor beex fiae Mm&:tdommnmimﬁngl ne
had percent ( YA ove ept.) _ a function
of engine RPM %‘Thjei !é‘f% HQ%} }%g HORRR e g(lti &ﬁ‘ﬂejfilaflé ’n’¥ '3’?{‘81 H&48hi gher
avai l abl e tor quhsnaimzthei uqapﬁmamhddineasozfcdl ¥ RPM rtantge RiNargt sl |y

erne: Mut neari.gs; | %onp
addi ti onal i npit *t'rﬁif"a"ﬁ ‘Cllﬂtjé;t‘* gbﬂgﬁl‘i’%l H:?E @f’tp‘g'pﬂ A “e’lhﬁ?gi)gg}ﬁf ¥s one
deterniitiant mfaswat, eah@fmmmgﬁmem&h offywaél HB\;laaxtdr HRsSiKHeretd amy. for

how nmuch tg, charge t Wiere the truck iS
moVing at & hi St Bl TS dien s ot P ARG s e el B o0 | e
power 'to chargevsheahath Qﬂzix,ﬁ?aiwcmbi@ﬂtﬁi i thak GSheashsmissidn gl igigpat i on

of Vehicle: decel gration. e.con o |.eavye. some.
oot Lt ho RErTer Piecnpss B SGRT RR IS brobRtit BR) SroaNs ST

bel oW fully ch,arug.ezdg,dmms a&&kizmgrm@mtxaﬁg@mdﬁm fdwerdikel i hood. of
capturing power fo terﬁ ﬁ % generatlye br aki ng when,
the ye: hi de innst “s’} otie; 1"(5‘H‘e‘m e‘"nsr&B T 9% HEXP AUERT BN, the
control | eriss elaem31ﬁ~hﬁaa$uemt<>»@§ aiﬁh&hgamcbei @gﬁg‘gul‘ S BN gRdomsxi4
‘tunaion of the, sp ez)d% he vehi cl e edet er m ned speed. In

one enbodi ment®EEHA ?“B‘rf‘df’"s“‘émbr?ﬁ F‘ ‘F’b’u‘? ﬂlﬁufr’é‘t"it‘ﬁﬁ %"ﬁi K¢ one

enbodi ment of ctsﬂeﬁwma&tzmm eit NRErcRARE LOlHBb! NRABURSAR: hgkdeRs.
orn the CPS system of the:, superyjsory subsystem and sel ect's rate of

battery charge®PEepoRsFe s smddioPhg t he : det ected. vehicl e.

location to apr edel*ﬁ‘ﬂl@'mﬁdﬂn&cﬂ'ﬂ'@QV:QK\MQ&&IJ{@Q%; thatiohay& Reen
programed_into_a nenory of the controller: This |s because in sone

geogr aphi ¢ el e@r“é‘t‘@" f‘ﬁ%r?@r B &R irwopg e, @d&?qtﬁﬁémﬁb?on@t“&@? YigFraiteas in'

whi ch teli idliRgs itfe RpeRRIMNEEY ofhihdS a&BNAEELM JiURRd ik o xenpt |
the Port OF Los Angel esé sQ that FT node. of _operation.is 'denanded
’I'L-i:.,

in those ar eas‘?%‘r‘ g GERpE dinde these opmfitivng sBRIEINE SR Pajery tegie

: embodi ment,  thesgont reah}ﬁm Badl Sh Qo NEEen! BRI SRAREE 1§ RMETSIC,
.current |ocati on to ﬁa redeternijned, ' ET-demandi ng ft agi.ng
3 hd

area; ii) conpotiEg % ﬁ‘g?"lﬁ‘és‘"@dpgy fon U %‘W‘&%é&ﬁi‘*&ﬁ“&% g8sti on

si gnal s frat h ohhen GRS, 18] Bereik PRl fiRGREMES a beading that the:
GPS has conput ed; corrput es travel tine to Predeterinined, ET-denanding

staging area bas edS¢ietipg heCEreBERE ChEgaRRgesPonstig Yo sigh o8 Pyl amtiay

required rate fCHANEE, hbal oS 86k o Rl oG RO apc b 1o
battery during the corrput ed travel 'tune Tor "OK giventiattery Charge

state; and v) *bEgFniteatgre gl c Frattewis. S duer sguistleactnal e rate
determ ned in gkdborsional to the battery discharge state. Seléoting the generation/Chngs rate

-

30 respondive fo whethér additional load will feuse the ICE fo operate midve
efficiently Hcludes; in ode cmbodiment, selecting 3 higher thares. rate
résponsive to a lower ICE torque, since diesel JCE's tend to he more efficlent at

higher lovgue.
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The ET systemis capable of having nultiple nodes of operation,

i ncluding nodes for "Cab only' situations and 'l oader situations.
During 5. WeRhepgsrE operation with no trailer ("Cab onbyflus2dnnkizh
an unl oaded trailer, the ET systemcan perfonn efficiently during
accel eration upto hi gher speeds than doring-titheS whena heavy | oad
is pulled. Because research has.deterthined that' 40% of cQ ntflorl
ditYthl ek drive gel &H parentsuger ket iugdnshidnSalofe fe OMG busdSABATRi t i s
deSirable-th M| th [ of hi er edS,
107 i vai § of |1 SaSbarBnp eupeE B B sARAR LILAREIE Aipllgne

sel ects speeds Hatey $GKY dhnmgﬂiﬁeﬁmh dii"féﬁnamdﬁﬁ b cdesnaflepalititctron
responSi veto a gygn < oo ent m ction of engine loc o

_signal . or el Ség%_llj 4&()”&??@6%"{: frrent Joay bcbd £u%18nt}f =B m{. imdt ?véleﬁt Jauge
connect ed t ¢ t hiesctibal dborelr ﬁeigm\cemam Eﬁn iaheﬁh)ﬁmn‘ﬁhnguw%\enéhecmgmal SO
be nen:figured., € at ed node I where
swi t chi ng , poi r%’[ %‘%}‘m 8 irﬁuﬂg ﬁl.?tl gmi% &m@xﬁ 1|an’? ?Pi Erq%midi
specific | oad. af I, Rﬁﬂemegrbo&mmmﬁhteﬁszm snerm rﬂaenﬁésus:mgm@at fower

anal ysi s, - vvheregh . ur.es |rrefromspeedXto speed V irt
speci fic gear aﬁ’if“‘”é‘f“ #‘\ ”lgf‘rggﬂa I;"‘?é)dtmower output Using a formula, 1116
control cal Pul at es the céda@tlerod! xc;ttms\xe%hcielseuanﬂ wad ) destiiiMACES rsiwidf'chi ng
se( pal ms agcordi ngl es, SCC,. etc. X RET
rodes of - opds st ah BRRFRGY T 408 BuThSenee arrui Ter
pedal nodes of igpacatdier tSukakASna\ﬁtimrath;gimd@mdnﬁxy cierpiiatshyvatheske

ei ther matual | yor aut responsi v

t hecontrol | er m“f}{]tfa ﬁ%@‘lﬁé “p% 8’%3"1 tc&%‘tm’%ﬂ‘rlﬁl Inptpad, iy fgfcipgtign
speci al nocks, greggcit kedeteatop sl @LIEERE Mag DRIACHHEEIVS kiigs By heike

enforced or st of t beoverri.d erta| n
extrene: sit ua?’ﬁ%ﬁ%‘ dfe @%‘%gﬁ‘?‘* Qr*@%?féwgf?l@\bg%iﬁef Vi‘*i:‘ﬁé{?‘@g' W¥he ET
syst em nmaybg- disgajatgd dnars Ekezaﬁwaa‘ af | dapiiing powBefi@r bitkgy tstomge tie PI G

6, the conventi onal el erat oy dal . 602 by Wi.ch :a
driver convent |"b1’r5‘°l’“i“§7“’q’é%ﬂ ‘fe‘? {E‘C’Eig“ CLra Féi(“a‘?‘gi %n‘ﬁ‘lsﬂg’gﬂwé“m of

gertenned by Corveniniofahe dobloid Bl thefov 04 chefiaRsd &y chatqga;aas: i

el ectrical 30 .J nid froma qs/egs] ’ff'g onnect ed to pedal 61 | br
Sensi ng pedal -PFBEFT FOAPY HFe P ﬁ’éﬁl“cfﬁf"efei”ﬂ%b é’-‘“lcﬁ e

I CE, , -whirlh. |L§:*}Gﬁhc§h&m%timxﬁ@@@:ﬁﬂbrﬂ@m fuy. enbodi ment Of t he
prawn i nventi on, the ori accel erat or pedal S nsor '6

connect ed t-& cont r ol & mE'@T“'t pleite "‘E“‘%‘éiéﬁ 5 FRe ‘c@ﬁ\}eﬁtl %’hﬁ 1 ACE

control l er 604 % fdo lﬁeuepm;mj of ik @ﬁdﬁmmﬁkuhh&ms [Ty &m_@tsrm of
connected to control ler 312 it lieu of _ the onv§nt| onal

control | er 604 US{HBAMESATFEPTEE ©10WRHEE Yhaeteignsiidy 6??1‘";5%%51 &

sensor Cki t0 GRAYERLLANBL.BS B} ledlas ihelkhyve aémlpe Imeeed iaGtd Mahyry
tAlternatively, another sepsor (not shown) is fil ed to, accel erator

pedal 602, in vRhpRHosgdler, fivs ﬁe‘-asveeﬁgbwnemwwﬂ OB PER EORORBI | er
312 of the 4 eSQMlisd fol VSR AOR-in whuh t@@rrmml & @b ;3;11% He8 GehvRSwthe
conventi onal ICE speed-t or que re ulation gnal 5.from cqntrol | er

604 and preenptidsieg Ry P‘ﬁ‘nﬁ’f‘sﬁﬁ\fvﬁ S GRnfinsris) & 11161‘13_f ft Boftt PerioRmi ch

Control l er 312 ggpgeati@sSha éx@@smlzef%u Ninef@S.PONRE: HRRRMALS in' @b

| east at sonme tinmeS. Contrdller 312 also generates 10 A snail & Signal
312"S.,, Ti T, wirdhdimgnt S6aeiRedt fé‘éfvf‘f?%&lbhiha PeReet Rt bR eretpHe
ETI'1/4,40 in or @&rﬁé ei‘a%glﬁk@tiﬂ &iﬁﬁl‘s(ﬁ@ﬁ@%ﬂ@]ﬁ(}ﬁt oy @ufuthe nEMGeki vers
in a rmtorlng mode ‘and to regul ate the_ el eet ncal generation it

del i vers in®a @én‘e?*&?%ﬁgﬂ /b RatiqeNaeelst Rge UeWRE, PrrEFERY SCNBYS Be
made to Conummigakingutnge- %:3’3 h&E-[oz?nlg.@@l 11}00(;11til%’£'\41c v} TM1§ &St 0
Sinplify the explanatlono Overal I operation, It shoul d

under st ood thati“cfhei*w‘*gha@*'i@mﬂé‘@hl‘éﬂ&“& SshmiIpic 8t SETERS %wer‘em\}'l Us
drive.)

detarmines o regifired vate of charge that is needed © fally charge the:battery



Controller 312 has control configurations,. referred to herein as

', pedal response npdes," that controller 112 automatically selects
and switch esponsive to operating conditions, i

el sewher e @%ﬁ%ﬂgﬂt{ any g| ven 20tine; controller 312 g%%gﬁ%?&fdopﬁ%
signals 3.12 SET and 112...S...10E. at l|least partly responsive to the
pedal , response node that is in effect at thattine. According to
an embodi nent afunt}gtm p@mﬁ&\ einiﬁerﬁu 00 giveohiieglchebe 344 At BERESE S

t he position of, acceﬁera ﬁg SZ’nSUCh tihat from 9%to about 33%
depressed, the pérééf b&ét‘t’?% Tﬁ”“t”t‘r {158 sy ietitoy contral | er
312 to be is wthinTas %CL)ENM aNgabll it eing epctitifle Sodes f, opkfaitn, about
slightly above ,33%:t ut S5%.depr essed, dal SI tion in
this nolo' is dﬁg e BVQQ&‘ ofit r ot 8?13’3 ’é”*‘t‘b‘“b‘&"vﬁ?”ﬁ? Hup E)BANF)‘“?‘ange

From about 40. 3%is® ﬁ@&}ﬁimewmsﬁ@ﬁtluﬁtﬁb peiera| orp.ﬂﬁzl iﬂ't@ﬂﬂﬁdﬁ thhibSite ange.
is. deened by%ntroller 312 ta.be within a#r
30Cor azon: or 312 HF¢E FREBIVES é“"é’flbr‘fﬁ"mgf‘t”ﬁ “é‘“ﬁ‘d@ﬁ“ Mt‘o"ﬁ“ﬁ?@*“t‘hat

has been added &dnigeass ﬁ&lthhmé@\l@a}ﬁﬁtﬁk@ Bheudehbshiegs 06anaUR:
transm sSi on 9eal box, ric rd'i?%{zto an enbodi nent . :of the present

i nvention. The Weffmtw 5 Jmek CE ‘c?éi‘&*r“&t t%étmimozmww NePERE P s

about to shift 1g&aR s WEHEE OUETRMAZPmol0Rb Rk 8F nidk2 op88RRAMRAL O the
signal from button 622 by changin %ielts edal “response node, as will

be . despri b, d° SREMNEPRARERET #, T ninyiaden o cpRide selwiss mepdsi iy

per f or mance of stllEhivelhedeR ‘x‘tt‘}@mhﬁhﬂ#@dcs'o!’ RrdiBh CsRAGHS 4 LAMNENRLRNA
manner, despite, the “addi ti on_of the. and controls :their

correspondi ng SHPEAX 5o pueRaveiy.crd b‘3"‘I’F\‘é’t‘ PENE g RRYEOKE 1 the

gener ati ng Wengthea:yahi ¢ "e“:te%nS RALALH R by bé?&xm'aa@a%zmxmhe the
sol e sol ace of vehicle propulsion (as a Mlar) when the vehicle is

marina in ET mseRbsupd mpdyde direstion gherumgiiciiferaielf ay| tcedistt o

vehi el e. ' 31:3' nynkﬁ%‘}cr Ol Bhoy 32 m%ya&?e@tﬁ@%x I0NG . &t@%@%&ﬂ“@e 13}9" EN&ne
eitiVers.;:ignal frombutton to e.tatiete the shif

per f er manee. of M@ ARNH] ‘e%‘ae“it‘*be e Hugkracapgesdingplian srsed Ni“ ﬁt%ifé'nwbm I
| CE manner, Vm'%f?utfk'},c@* :QME@ El{aethagtggd ﬁ@QQQbﬁﬁtntUéiﬁ @lfmtnﬁl?xsﬁm Hgtye’i Wg.
class 7 or 8, diesel track Referring now 't

al gori t hm 700 isvighods lopd el ghnwrelatie ond lé'ettﬂé{rt*t?éé‘tﬂt@nﬁ amdm%

| caopm ai on of theyys L‘GI Srec@CRAL ROCL §oan enbodi tnent of the

i nvention; Beginnin 02 al gori thm 700 is initiated. Thi snmay
include a dfiver or »‘%téﬁ wpdes of PreraPn mey plsalbe fcitedibongnite spntadler. ( E10.
6) torell(*t gpes c@tﬂlﬂ@g‘: '¢§0§9£1g)'n u@l{‘%: b ORor Qnotkg'nt‘a@rbudﬁtjh‘(k@gaﬁi@?s' on.
For exanple, the vehicle may be oper at |ng W t ny

Made-tit-idl er megulyor 51‘6“@9(9338" fr»@ﬁé‘tm\ﬁtémt@éf%i @mﬂﬂr% PBE preatiied | n
one driving Sesh@fl hinABRLNCr Ll LLRY SERS! Glhre | RRINLINGHAnlRY he
Operating with only, the cab,. 1,e/ no. | er connect ed. Th ot her
driving sessi ofilstaEistiog iy b éﬂfﬁﬁ‘yd b!eﬁwfwgz’elrilihnhﬁ‘gﬁmxtﬁﬁ crewiiddnl espt but
not fay | oaejed,m [ 3 & &%, an.
operating condi tl%’ng?sgéé gh%tbﬂhn@gmﬁq%(;ﬂg ?4%‘]‘ F}gwq%’%g%géyfﬁt as dt}gg
making a sel ectisém panvalivbledinmstofddutz ol | er 312 displays or _

ot her W sept esent at %Hﬂﬁpg;m&é% Q"t aﬁ’”?;} ¢ %Jﬁ‘ﬁ Lt vehiote zzJ\'eiﬁ m%ﬂﬁ rever
manual |y turns -on th nitien esponsi ve

cont Eoi kr 312 ¢FW ¢8) by wagh aa&mamwmnm mda?aff Tféha?tgévandezxéﬁ"ﬁ
conpares .1t 23 @-lf?lgaqmﬁ&&d&t SInTR6 A LG lor Mo Wan 1 RRLL O | er

312-al so reads
30 signad from a sensor 606 connested to pedal 602 foF sensing pedal position {or

via somé mechanics] Hukage to the ICE, which is nof SHown). According to an,
ssnbodiment of the present invention, the original aceeleratos pedal sensor 806 is
connected 10 contimiler 312, silher in addition to cuaventiobal IOE controller 04

op in fiet thereof, I original sensor 606 is connected {0 conroller 312 in Heu of

i8



Speed and the torque being:delivered to the-drive train by die |ICE
If controller 312 dotenithies at 706:that the Speed, torque-and
battery st rge arehinitS, then M 710 controlle

initiates g’belglﬁ%ﬂg(lm whi ch may cuuae an deViee: 1CR-Cab t E)C%J% 008/072672
di stinctive sotuakthr exanple, to 30: alert. The driver that the
vehicle is about, to enter electric traction node, and al so sel ects.
the ET pcded nnﬁiee&ts’aaie‘psigﬁéhotim&ki 8@in theo lbgroli@ 12 2tshgly thegimas fom

espondi ng. S a rgt edal. ﬂppm tt CRI}I’]I r;u; (iat,ed“, _
r 3;59 3 %Zﬁmm §i0) COMTOL s.r east selgctively.
to Wntroller sen or PRECEr di A, 2 cont 1ol

‘configuration Ahi@mtm b,efdmﬁl‘:sem;el(@t Rigmel) i ddded T hacpbaabr mﬁdef#:@l 'at e

Next,' control | er, 312 ter grya .
one .. second, § s %\é\@%o Réw r‘seés tdogun“mf1|(*'(’)r\flsl|"geir?iﬂ E hhe t \LE,E 716

and- si gnal s ihem&tnubmh net uat orat 718 to di sengage the | CE dutch.
neural 720, controll.e ) redet terval ,
oo 2 5 seconds. SobeRRRAl? 3 pOal SHRLEITLAGE kPl RS see
whet her- it is gipui fﬁi—tsﬁngageadrmll.tbmﬂﬁ& pm@ﬁ;mmtﬁtbm Ms@r}a&tﬁhes{‘t"‘o an
exception -State t Z 4.

omioller 312 B nd. ‘i\)ﬁ/%&‘t?‘g‘?”‘f %"B&‘?‘éﬁ r’*&d"*t‘oﬁ“"g%?é%pﬁpt}h“ ‘SFat e
724.) 1f yes,, ,mt;heﬂmpentmmbtbztes xﬂltﬁstmf !stﬁfegtmtES{'SNB%}u’f'ﬁi”&Es&Qt‘tl’de@e

e T Bl e L e

proptilaiont. ;et*t\ezt‘yt asxa@tttrom mmhﬁt, tﬁaf ypibd and t:ﬂti}m]a\g Emntdeméreﬁa 1312
checks t he state overr,i det.er m

driver is nanuarfl‘t“ﬁmEh r“%’cﬁl W& “’Ot?ﬁ‘hmél ?’%%@ﬁa& VYRR rgi“I“@E’ fﬁ)éin | f
yes, controll ert.a3&ra§1}hﬁ@tﬁc hssietiBa Bddinf 0fercnédmly B meﬂt-, mk&h@mhﬂdamho

under st ood - t he rride is. re at. 728,
in an 15 enbodl ﬁ'e ?40?0#9 SR ’n]g.ﬁdf}hl T 't‘,’k’i"ﬁ@[m'élf‘fdﬁv AR Hg
4.728 coul dypccaknit spybhme ArhdulEThemsiRstol operRt sl lsnsapoher

eni bodi nent of the inventi t he nual override feature of Meek 728
is not accessi b‘“’emt“‘d“'ﬂ}e‘*ﬁ'dg‘r*atw ‘gﬂ ¢4l se is not included at all In

one egi bodi ment, thicssiert GI'Eh@.&fdan@(mdéni?t&u*ﬁi@ﬂi?'r@ﬂrﬁldnm 1%eid & fhedal
geographi c zones such as in a. abl ed espon5|ve to a

413S 26ai | -0d i ‘HpEEE E‘Kff}t“c oy mnggigtr 3 i%_gutonmtzwl% selects dr‘ switches ameong

responsive o gperating conditions, as descntbed elsewhere horein, At any ghyen

My tme, contreller 312 generates signals 312§ BT and 312 8 ICE at feast parthy
respisive to the pedal response mode that iy in effout at that time,

Aveording to ap embodiment of -the present $nvention, controlier 313

Interprets the position of accelerator pedal 602 such that from 0% t abour 3%

‘depressed, the pedal position in this range is deemed by contréller 312 o be

25 within & REGEN mnge.  In the noxf 7.5%, 1.c., fiom about shightly sbove 33%
o ahout 40,5% depressed, the pedal position dn iy range s deemed by
wontrofter 312 4o be within a DEADBAND raige. Frosn sbout 40.5% to 0%
depressed, the pedal position in this rdnge iy deemed by controller 312 o be
within ot ACCEL rangss.

30 Controller 312 also receives'a signal from a push button 620 that has

bosn added 0 gedr shif lever 622 ofthe vehicle*s TCE manual transuission gear
box, decording to an embodiment of the present tnvention.  The driver may
sigmal fo comtrolier 312 when befshe is sbout 1o shift gears using bution §23.

Controller 312 responds 1o the signal from bution 622 by changing its peddal
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Next, at 730312 reads the speed -of the vehicle, torque being,
delivered to the vehicle by the ETMO (operating as a neter) md
battery st arge. 1-f they are -within predeter .

t he cont ro%ﬂggi}g&l@onti nues. itionning die ET-MG at 72?Cqﬁ%240 )la]ﬁté%
fer manual override at 728, and Checking' 25 speed: torque and State
O charge at 730. (During ET operation, controller 312 and- its
&mitt-QOled dewpees -:1nr§es130ﬂdi bmd«ﬁb@@él&v&hdr@ ﬁmagint E:omiig:ea:-r\asm ihLi ng

of the Mnual i gg{mgl 5}81 aaa?x 8% z% we vigq Ihﬁnﬂ@%ﬂ%%{}g 1o Ai{! é@[néf: =1éx§<t

the driver' tak

descri bet hel seuhane; hepse F.’hﬁ,) tdﬂm::sﬂ)mé ﬂe*nﬁmmt coptrok hia,m meﬂ;tcwémm t he
predeterm ned |imts ) speed bel MPH,

Pont he. bel M/ - T80 b Ve s e WG o 12 BERSRE AR e
for fully | sadegewehi mlEF m(&ﬁu(ﬁl mey\ehhe bde Spe:&obfbelnew préishdaHas & or que
bel ow 1ML ft ths n : e hoV 30% . Char ge

cab- only: hi \f\imé’“l’%rfg‘b'&h“%h‘t K““f 5y ‘H’ggp i g‘hlh?orﬂ‘) mprr“é?:@f% ﬁ'l‘fﬁ}é" M
MS Melthie, GRper@ingtnédeats wrhmztt isluﬂd:hﬂ&ﬁ moﬂi’?tihi&k «zmem edsgonkise hedded to
zone where no ICE o nee h

charge ¢ " iR Rl ke vt a0 B Gr it tuesBe Serbgue Phe fufts | e
nmode i s demandag sakavd 39 a(:08i MBRUALOMEIRhI GCE rkda;ﬁzazt edhidhCh srpderat 728)

controller 312. ranches to | CE operafi ning at 734, which
i ncl udes initi & iﬁ‘gmé‘“&%]éf*‘"\/\ﬁf’ﬁ%ﬁ“r’rﬁx‘}“"céﬁ e““iaf"‘gtg‘{f‘pce in the ICE cab

to nmake a distincti g@égﬁrﬁaglr}ﬂm foOFICEXia%ﬁ"@gmﬁf% aL{EEi a-ﬁ(?b«% ﬁkf ic@fo! that
the /vehicle is_about to ent

predet er mi ned tFeRER t‘?"rﬁ“@@?ﬂi’f““ﬂﬁﬁ“‘m ‘f"@e‘é@hj& “‘“é‘frd”i’%@ m’d&ﬁf‘ﬁh&?f:‘}“é‘? 312

awn enabl es t hegd iGRriigoi isénmnﬁmdmmsowansmw;anm@& mgnﬁpﬁmzm 3
Controller 10 312 readS, the actual 8t at.i onal RPM  at :742

And conpares it % PREREERF fﬁ“hé‘él‘“%b‘éﬁ‘a %}; ki {1 %‘8&6?‘@? PRIFAYER ti me

interval, such hadok he: %%&tﬁxolilkﬁxﬁw stakiex. M e Lxabpid 4de Waekhehat Be | CE
act ual Speed indicates the ICE is uccessfa% starting |‘.e.,,, act ual

| CE speed exced@E PRV eydy E’r“ﬁiﬁ‘iﬁ’é‘ﬂ“rs‘p%eﬁ) U ““5@6“%‘% "% P he

predeterm ned t p@s gy ﬁf.:% sessRRE ns%a:edamlufo Ja@sla.n, e R}Liﬁ@é ey bSdprdapandi es
to exceptl on state. 74 YESs, emr: ‘ﬁéﬁ en tie- energl zes

the | CE : start efiigo giatith. bhet. {als é""a“"p‘F‘édef“o PRI FRESGR @F val |

e.g., 0,5 secongyat MZ%Qﬂpmzm whE GREI NG bR fAR 1eRbhogdh B9k ibe
present invention. coam |l % next at 752 selects a. SYNCHRO pedal

Mbde st at e,2% n WAKi *&H‘*%ﬁ%‘#@i*‘l“éi‘“@@011%%r"a’ﬁ“f‘?‘ Pery el fopwollcr

conventional CopjrQbs 8 &nﬁalxk:%soat«@@ctxlo;@%n%hﬁ*&m%ﬁti%&uﬁ@ﬁ@9’”&1&@1’ &qlp the
conventional accel erator” pedal siesor (or overrides |inkage dom the

accel erat or pedditi: rpeny tek: dhar yrdemptr@ely revs the ICE to a
pr edet enni ni Xt speeg{: ngmﬁmgnm}lylmgmgn RNk E iﬁg%@(ﬁy %@?ﬁ%‘ﬁ@ t he

| CE speed withihe transm ssion s input speed.
control | er 312 tupaaatdet di (Fides) rtévésatcwehiaqws aéﬁé‘ovi‘(bmwm angrgpiees i

25 fo apredetermined state of charge at706. Controlier 312 also reads the vehicle.
speed and the tovgus be;‘-ingidf:-i ivared to the drive train by the ICE,

If controller 312 detennines ot 705 that the spesd, (orqui-and hagtery state.
of charge are within Hinits, then af 710 controfler 312 nitiates o signal, which
may cause an devite in the 1CE calr to wake a distinetive sound;, for example, ©

30 slert dhe deiver that the vehiske i about to entér slectric taction mode, and also
selects the BT pedal mode state, such thet contrallsr 312 then begins résponting
o the aceelerdior pedal postiion continonicaied to controtler 312 by sensor XZZ-
according o s control configuration described elsgwhere hevein for BT pedal

mode sigte.



reads or cal cul ates actual transm ssion Mil: speed, conperes them
over a predetermined tine interval, :snob that the tontniller
deterniiii Qg AborakgV\het her the actual | CE speed has exges ﬂfs%o%ﬁl%mz
transm ssion speed for at |east the pAidttennined tine interval, ny.,
0.2 seconds, If not, then controller 312 30 brandies to an exception
at 758. 11 yes, then control |l er 312 branehes to si gnal the I CE Cuteh
actuator to engage Bhes, chotwir a2 vbHO.o NeRéemteat fof |zﬁ§x«§l%&>ms;£5 a

predetermined tj nt, then, at
764, terriporati ?5‘6 "ég?%'{ii“?%e“tth% 583%?’%?‘@?)8& é‘éla{ ﬁ’ﬁé‘ﬁ“gﬁh‘ KR
according to a {éawsitxcaiamanﬁlseuﬁaénv@gt zdemasxhaﬁ ekkaeizt?ﬂe&:@mlm&%m frir
a BLEND raN al nmde stat gf %I | e z%l so reads the
actual clutch p&¥Pes “63‘?‘ ’f’n“?‘é%m&hﬁ“& %“Rmétaﬂ‘é? R R Y s it ch

i s engaged yet .chhifh {i&;h&\h@%uﬁf»\'ﬁz&fmtsiomlfﬁ‘f aid@is@g@ ned 1&' Bhrog@Md ROl | er
312 branches tq an. excertl on.state at__77Q then in this.

state the vehi cIEE Bap FEBRoLEHF e B 'KIPH’é“’* I"2 ‘3‘?3&‘1"%‘}%3?‘* mtﬁi’éﬁ“
deternmining at G3ishat? trhehhay ol mn@wdm&d@xs@ga&zﬁ@t& 342

sel ects and swi fches t e of .th OEN or BOOST pedal nodes

descri bed el sewHay®: ’ﬁ@?‘égﬂ‘ ez E’éﬁ%ﬂ R ATF G, ey Bder 7382 and
its control | ed HeyviscRSHiaHRON vmc@h:gﬂﬁﬁ(sp@ 4124 BY HMANpn@63kpSiRT L1 Ng
of the Manug\ transm ssi.on, i ncl g signal : 1 atiSing frlt aetl ons

the: driver't akB¥PuiFeg bﬁghﬁ"ﬁﬁ“’?‘bl?hé SR REY-of the gears: as

descri bed el seV\her e Aber®Riadolier 312 Medks B stftd B 2 GRALN AvbBlie 3d7rrgads
the speed of the vehi c[g}ﬁ t.orque being.. dellvered to the vehicle by

the | CE. and ba&FRERYE & G &gy 1&#%5?1@;“@" ‘i"i‘f"*‘ft”ﬁé;‘?“‘é?ﬂef SR & trdrelic ICE

pr edet er mi ned lhdfet 9¢ H%%on&rﬂﬁhr%@i Sibdhe RISl 151‘ GeS LR8O suiRQITLD! e
zanswer to questlon in blod = no), tontrollel312 continues penning
the I CE. at 77zii‘ahﬁm¥ae}53éa§3§“‘%$ib8m%ﬂ%lp@eafmtwwé} hotel a5 t7d%-e infan
Charge at 7i6, embodimbhi df fir%)’in%ﬁmv\ﬁﬁsmh&RQJIL%Q@EQEJQ;EPeéi! 7hi BhdPodfiah

i ndicate ET node i.s desirabl e and possib ., answer:to question
in block 76 yes)y impawindht mefq féfropgatzmbrl&w@émweﬂf%n%Rf e grvemsioegi n
swi tohingto ET 1@g§*aitsilaﬂfe@ﬂc ﬁ:‘g@tﬂ,ddf@ﬁﬁff thtn&%wc'@é{@@{d zﬁ@;_,p,}m or else
predeienined limts ate as Prew ously mentioned I n connection

deci si on bl ock.i739 ncaded af il showr gmbrdingde Pt Sorarmnenla be ko ia
manual overri dees; RO 8L &k Uk oGRS Qe B &

front | CE node t% Ilfp&&'ﬁ;)a%e, cgnt r&o ’ a%(@xg, |ncmudes t't m g’\é\%’ %:9‘?
feature in & ; FEEHIBH!IGoRE NI 20f Iogl c bleak 728 and m)nl tors
continuouSly or freguanklyo fz,gﬁﬂ@lmmqgi&s%%[edqq n?é&ﬂ@k foke Q‘mpﬁ
driver in an 25 enthodintent of the invention; So that ton er
312- will respdidors disoakicle by G BTHG freming e muonsy totlen sbgufi ng

| CE node of opepatd Oﬂlhhnm%n@tﬂh@ reﬁ&z&': ! q'i&H%nék mzﬂ»ﬂ@r ’%ﬂvqmms.‘?.[' the
Manual oVerridefeature I's not eSS| bl e the opcntt else is
not included atfpingd %n’éi}@hﬁ%fdpwmw ﬂtr htiasuﬁ eamﬂeenté’a& a@du Idyﬂclme“"
enabl ed in ger L gL G ad , de

enabl od 30 Fespaiivgy SUATILEr SARRY FC LR BTSpBRLD (800G 12

Fr OM t he f or goiafg ity t«i‘%w@i@ﬂ é\\’l@fés Cﬂt&t@t@@ @tﬁ:ﬂﬂl% tiigdny o garehtthdit them of
the invention qhi AT ef o el LE and
the ET vehicl egz{c}gtﬁa\éu?rlgﬁt i 1;?3%1 ﬁﬁ SJ{]"S@‘%%[IE“ W Bﬂ cb%ﬁ‘

occurs when tr &8RE mm*ﬁgwfr:mw i@E@Lﬁ!‘% abdﬂswb@d@‘ﬁ&ﬁ@fﬂ/iﬁ@@uﬁ'ersa and

otherw se only occugs,.f..l:hg; ni%{ttopfutlhé AR RAN G ToreRUELGE qugﬁq fnclude.

30 wvehicle spoed below 1§ MPH, torque below 150 f s, mnd stute of elharge

dbogve 4096 charged for fally Inaded vehiole; and vehicle speed below 40 MPH,
torque below 150 1. dbs., and state of charge sbove 30% shuged, for cab only.

In one embodiment of fhe invention, the predeierminad Hmik incude

7



As mentioned previously, al. any gi ven tine,- controller 312
generates signals 312Syr and 3.12...S.LiCE at |east partly responsive
to a pedalwpespeisas> node that is imeffect at that ti MBCTAS2R6/8R672
previ ousl ymenti oned, controller 312 may interpret the position of
accel erator pedal 602 such that, a first range of |ess pedal

di spl acenent is deened by control l er11-2 to bea REGEN range,- Tn. an
upper range of (§fetbivepmgadl indiruphdbeeveliele is headed t~péd=alwi}wsmt ¥oh | a-
deened by contrl ] 1 range. in an

i nt er nedi at e rg g%éﬁ%‘éﬁgr‘%@ x%&nﬁ% 4E}pNOf;én ACCEL ranges

ol di spl acenent, : t heGWdéih ol thane jos sdée vk dhbye G@hﬁt«?%aﬁﬂf«enmnga 10 be

wi thin a- Dg@m&atgjhgﬂ%w&&a s %Wraaﬁnmau@ ikahl o%nfuhﬁ% ;»@%rt he

above nenti on eénodes sonme det ai a es
COWA ) TO FCEgdet ot €Rivpietipr, @wnmmﬂa?%txﬁnﬁ*azsciedqsetﬂmmawngﬁmlon

si gnal “wi thi 0 Wiy 800810 QLY RN AW oI sk s 5%? Veet

torque propQ tiol
&Xﬁmp“* 1o alett the driver that the vebicle is gbout to eofer JCE mode., After

waliing & vredetentiined thoeintervald, e.g., 1 second, af 736, controHer 312 then
enablss the ICE ignitton and ohergizes the ICE staiter at.738. Then controller
10 317 weads the dcteal ICR rotational speed (RPM) at 742 and compares it to &
predetermiined speed within a predetitinined time inferval, ‘such fhat the
sontrofler determines 2t 742 whothor the JCR actual speed indicatey the ICE is
sucessaliily starting; ie., actoal ICE speed exvesds the predetermined speed,

S, 500 RPM, within the predeterniined tum;, e.g., one sccond, I not

ks,
Ly

contyoiler 313 branches to oxception state 744, If yes, controtler 312 then de-
enotpizes the ICH starter at 43 and then wails 2 predetémmined tme interval,
&g, 3.5 seoond, at 750,

Agcording to an embodiment of the present invention, centroller 312 next
st 752 selects a SYNCHRO pedal mode state, in whick controlfer 312
20 oporatily overides the conventional dontiol signal to the ICE thed ariges
responsive o the conventional accelarstor pedal sensor {or oversides Hnkage
from. the accelerater pedal to the ICE) and precmptively tovs the I0E o a
predeterreined speed (RPM), s.2., 1200 RPM, to help synchronize the 1CE spewd

with the fransmission’s Input speed.

13
LSt

‘\Iv»z af 756, controlfer 312 reads actual ICK rofational speed (RPM) and
seads or calcolates actual transmission input speed, compares them. over 3
predetermiined time interval, such that the contolier deternsines gt 756 whether
the uctual ICH speed has exceeded the transmission speed for at lesst the
prodetermited tme interval, &g, 0.2 seconds.  If not, then conteolfer 312
30 branches 1o an oxcoption at 758, If yes, then controller 312 branches to signal
i ICE slaich acatator to engage the chuoh at 760, Next, controlier 3313 waits #
predetacsiined time anterval, eg., 0.5 seconds, at 762, and then, at 764,
temporarity begisk responding o the acoelaerator podal position according fo .

coniiol configusation described elsewhers erein for a2 BLENTY pedal mods state.

]
2



| basic pedal , position signal I within ACCEL range COWAND TO EVE:
Aced or regen torques both proportional to basic pedal positioa

si gnal Fulyyorg@nif@gque* . Accel torque proportional toppagksioRfaet:
position signal /ithinACCFI range Accel torque proportional to basic

pedal position signal within ACM. range 0.75 * Full regen torque
When pedal . is in ACCEL range ; hi RBGEN latige : 0.75 *fl regen
itinpap or el se red€mnitadieeidti elyr opdr BRnattud! ocligels ippsipe ait. [8sind on

determines whether the JCB chitch is engaged yet.  Howmo, then after some
prodeterniined time, controlier'312 branches o an exception gtate at 770, 1 yes,
then in thiv stide the vehicle is. being propelled by the ICE. Further, upon
5 deternning &t 768 that the cluteh 18 now en;,.af.»d controfier 312 selscts and
sivitches o ore of the REGEN or BOOST pedal modes deseribed elsewhere
hetei, (During 108 opordtion, controller 312 mnd its controlled devices respond.
o Signals -ansing from -genr” shifting of fhe ‘masual tragismission, inchiding
sigale arising frod actions the driver takes leading tp o the siufimn of the’
1§ gears, s desoribied elsewhere hereib.)
Wekt, at 776, contivfler 312 reads the speed of the vehivle,  torgeie being-
delivered to the vehicle by the ICE and batlery state of charge. I they are
outside of predeterntined lmits thar inditaie BT mede is destmble or presible

fhe, auswer to question in block 776 = ne), vontroller 312 continues operating

ey
L]

the ICE at 772 and ropeats checking speed, torgue and state-of chiarge at 776,
if they are within predetenmined limits that indicaie ET mode is desirable
aud possibtle, {Le., answer 1o question i blogk 776 = yox}, then controfler 312
pranches. to block 710 to begin swiching to BT mode. In an embodiment of the
invention, the predeformined lmits are as previously mentinned 1 connection
2 withdesision block 730
it showld be understood that although a manual override is not shown
here for ivanually causing a swiich from: ICE mode to ET mode, controller 313
inchidey $his Jogie feature in a Tashion tike that of logic block 728 and moaitors
contimonsly or Tsquently for a manual overdde signdl from the driver b an
25 wnhodinient of the inventivn, so that controller 312 will respond W masmsi
cvervide at agny tme it may occur during ICE miode of operatios. In another
srpbiodinent of dw nvention the manual override featuge 18 notaveessible 1o 1he
operator; or else is not incladed st all. In one gmbodiment, this featire can only
be enabled in coriain getigraphic zones Such a8 i o port, and is goabled
30 pesponsive {0 a GPS signal input to controlier 312,
Fross the forgoing it should be understood that in an entbbdiment of the
invention the vehicle valy optrates bricfly with both the ICE and the BT vehicle

concurgently propeiling the vehicle, Le., this occurs whén fraositioning from ICE



whi chevej Mdller * - No regen torque Wen pedal in ACCEL Patin aced
tcptipe proportional to basic pedal | position signal | when in gEGEN
| mage BaShooa Msk! RO Battery ovenbarged Use stored gpergy, T
wo tamng off TICE ICE initial turn oh interval | (vvhi(:'IEil hn%ym}FBf)ng
due to

o BT mode and vice versa, and otherwise only occurs if the propulsion battery is
overcharged,
As mentioned previoosly, at any given time, controlfer 312 generates

sigrals 312 S _FETand 312_S_ICE at least partly respotisive to & pedal response

mode that is in-effect af that thme.  As also previously mentioned, controlfer 312

75

may tnderprat the postlion of accelerator pedal 602 such that o first range of Jess
pedal displacement s deemed by coutroller 312 fo be & REGEN saage. Tnan
tipber Tange of greater pedal displacement, the’ pedal position s deemed by~
gontrolier 312 to be within'an ACCEL range. Tn an ihienvediaie rangs between
1Y the REGBN and ACCEL ranges of displacentent, the pedil position is desmed
by contmiier 31240 be wilkin & DEADBAND sange. Following is 2 tabic that
explaing the sbove mentioned podal response modes in swhe detail and relates

them o systom muodes.

ety | PEDRAL TR R
BYSTEM T e — COMMAND COMMAND
MODE | EOTONSE 3 WHEN TOICE | TOETMG

Aceel torque
proportional to
InETmode | basic pedal Actél or régen
or position sighal | torques both
BT ET transitioning | within ACCRL | propostional o
betwess range { 10 offy | basie psdal
modes when -position signal
‘wansitioning.
...................... Else not used.
Agcel orgue
proporiional 1o
R REGEN Battery SOC | basic pedal Full regen
- quickly igvery low postiion signal | torque®
' within ACCEL
remge
24



" node sw
Wi thin ACM r ange

| automatic
posi tion signal

Aced torque proportional
Rey up ICE to a predeterm ned speed

PCTfuszgq%fbiicaé%?

to basic pedal

(RPV, i ndependentof pedal Position within ACMranee o
regcli torques both proportional to basic pedal position sign
or regal totques both proportional to basic.pOal position signal
Acod or regcri_'torques both proportional to hasiepcdal position
si gnal Q.75 * Fali
regen rgue
when padal is
1 ACCEL
mige ) i
Accel torgoe REGEN range
o Ratiory SOC | Proportional o {1 .75 ¥ Full
©x R}E{-:;:N: | maderately basic pedad Yegen torque
efftciently Jow N position signal  { ov alse regen
o Within ACCEL | torque
range proportional to
basic pedad.
positioy
Sigﬂﬁl,
whichever is
higher ¥
No regen
forqus when
pedal in
Actel torque ACCEL,
N proportional o | fhage? reced
. 233:'56}3‘,3?«;‘_' only | Batlery nearly | basic pedat fgue
' off pedal charged position sigiial | proportionial to
within ACCEL | hasic pedal
Fange position sigaal
when in
REGEN mange
¥
Battery Accdd forque o] e v
overcharged | proportional (o ,’?‘m‘t‘fg“%{’ll
R BOOST Use stored basic pidal torues i‘t ; .
' e etgrgy for BT | position signal pmp Q m:f’f’ﬁ o
wio turning | within ACCEL b‘%i“. p_&%?i
off ICE range pasttion signat
ICR initial Revup ICEwe |
furh o 2 Accel or ragen
interval predetermined ;er{;u;‘*é ‘ m‘;ﬁ
. . {whichmay |speed (RPM), { ~ 2 """0
SYNCHRO { SYNCHRO b due fo independent of gmf}m aienfii o
gutomatic pedal position 1 asf?.‘?"‘{?efi ,
mode wiilin AQCEL, | FUSHoR Sign &
switching) | range

s
L]




RCzZzA : torque proptirtional tq basic pedal positionsignal divided by
16 When pedal in REGEN mac; Aped torque prol)ortional to basi ¢ pedal
posi tion Sk@mbofibvisded by 4 when in ACCEL range Rept' ¢ 008/0726
proportional to basic pedal position signal divided by 16 en pedaﬁ
in KEGEIN range; No accel eration torque when pedal in ACCEL range 1
Reg= torque proporti.onal.. . basic._pedall position signal divided by
16:: | when 1)411 ,in ,{ REGEN range; Acedl |H#ieigue
predetentiined
demand
component of
S00 RPM e e
After signal fo OB ACU‘E or ff:)gbj}
syncupe | SYNCHRO | SYNCHRO | (sce i\’fﬁzﬂ?ﬁbﬂﬁge_
AENLERY U BLEND podal mode | SYNCHRO | Ploposhionai o
above pedal mode) hagc:_pca@
with & position signat
gompanent
generated
relative {0
pedal positiors, |
Ko gen forgus
proportional
basic pedal
position signal
GEAR | GEAR Gearshifting 12 lpnarg
SHIFT | SHIFT dwring ICE - prodetormined g
. g i . CHIE, J Lvt.m
SYNCHRO | SyNCHro | Pihal lumron | speed (RPM), (o4
werval wdependent of “1 tonal
pedal position | DTOPOHOALIY
pagic pedal
pasition signad
divided by 4
whes in
ACCHL range
Regen torque
propoftional to
hasic pedal
mET mode | Acocltorgue | position signal
for proportional tx { divided by 16
CEAR GEAR iransttioning | basic pedal whep pedal i
SHEFT Y | SHIFT ICE W ET mode) | position signal | REGEN
and shifting | within ACCEL | range; No
SUHTS ranged 1§ acceleration
torge when
podatin
_____ ACCEL range




proportional to-basic pedal position signal di.Vided-bY4l seismin I
ACCEL range .. (except on ix 1 novenent') MODE TABLE Referring new
to MG 8, b un 800, 1s' shown for the:system5

controll er“?l% gﬁ&gmi ts related sensors and Controlled e\%ﬁsg‘ﬁots{'mmz
according to an enbodinment. O the present invention. and relates the
systein:nmodS to the pedal response nodes. (Herein, "nodes" are also
referred to herein as 'jlcontrol s ' " or sinply 'Statlefesdn ibhge St at e
of the systemibegins at{ initial node 802,. upon start UmigfortdRgl to
:vehi cl e. Depending on iwhether the battery § uta an adequsitecdkd charge
state, as described iniFIG 6 herjein above,; the not stighgiitipainat
startup is either El ndde 806 or iel se SYNCI—R%‘ngde 810 diReefigrabl y,
the controlleri 312 svvi tiches the vehicle to [EIG0EMRt i n g;;maqi&mis&G (via
Control | er 312 ! ita ihiaede tHE R H’f‘l'l’d I:emw@ner gi zes
the EIMO to ofd éé#% @s i |Rndshifipann r‘*‘%ﬁ 1 a d@sgar iAbeg 1 n
FIG 7.. (ET dpéPati¥g 806, as sHEWHT PR -
corresponds taq pedal rdgsponse node ET descrii™¥ ’c'P- ' I\Zq;g@(ﬁlia\hlﬁeo
Wth referencg to the Br node inithe Mde TdBIE, it . rnaybepseen {hat
when initially mansitioning to tHis node 806 in the ,Tq,%c,ﬁmpg&%;
enbodi nent ol lithe inVerjitiritk cantroller 312 comuni Gaﬁ@&dawv;al e
for the 512 13. 1GE signal to the ICE that jis pI’OpOI’tIiQ{}{-@l #1 0 The
basi ¢ pedal pgsition -gignal within the ACUEI ; rangei it@l@mnw' reaS
the val ue of 3I727SiM cOMifiCat'€d o, tHe proportional t
t hebasi ¢ pedal positionSignal. (Note, ﬁ“é’\‘/\%\/@%mm\iﬁ PR r ence to FIG
7, Week 716, 'that the ICE ignition iirdisabled by tioniMler 31.2
early hi the ET node of Operation 806 Table also refers o this
feature:in hans of the ,QR'S){:;,\EL

Beferring now fo FIG, S & state disgram. 800 is shown, for tha system

ﬂm..,.

3 wmodes of comtboller 312 and it related séngors wid comtrolied devives, accoiling
to an smbodiment of the presentiuvention, and felates the system modes o the
podal response modes, (Herein, “modes™ are also referred to hereln as “emitrol
stafes” or simply “stated.”) The state of the system begins at initial made 802,
upon startup of the yehicks. Dependinig on wheiher the battery hat an adequate

10 charge state, as described in FIG. 6 hercin above, the néxt state upon startup i3
sither £T wode 806 or else SYNCHRO mode 810, Preferadly, the controller
312 switches the velicle to BT operating mode 806 {via controller 312 coupled
devices), in which the controfler energizes. the EXMG (o operate as a molor, ina
-gpamser such as deseribed in FIG, 7. (BT operating mode state 06, as shown i

15 FIG: 8, craresponds to pedal response mode BT described in the Mode Table)

With reference fo the BT mode in the Mode Table, it woay be seen that
when initigHy transitioning o this mode 806 in the deseribed embodiment of the

hvvuhtion, cofiwoller 312 conunimicates & value for the 312_S_ICE sigual to the

tss
s

ICE shayis _'pra;mrti’o‘n:iﬁ to the basic pedal position signal within the ACCEL
ginge / 14, ‘Whereas the vakie of 312§ ET conumunicated fo the BTMEG is

proportioval to thebasiv podal ;wsaim‘n‘ signal. (Note, however, with referense to

FIG. 7, bliak 716, that the ICE. 1gmt:m= ie:disabled hs, controller 312 e:ztﬂy inthe

wwwww
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"Era:Stier:" to.:ET node. Signal 3128 :ICE to the ICE wll, of
corase, have no effect once:the ICE ignition is diSabled.) The
reaSon forwgem@r;;amh@g signal 312 5 ET proporti onal to tperkasisReaal
position in ET node is, of course, to provide a way for the driver to
centre' acceleration and decel eration vitt the ETMJ as notor

(accel eration) and as water (regenerative braking), The reason for
gener ati ng t he“8&2itig4ICE iNehade. b%@ﬁeu,;nﬁéﬂ ol Whewibasi euly\Mposi t i on
Signal within mg-b g@& |n order to *tide inbre
seandess svvltcﬁl ? ik Q%?nh %ﬁ s, is in ordorlto provide
More seaml ess' *i tc?imnga:betm:éanmmm 3&32 'Bhﬁt%’ E% ;as;mﬂikﬁ:a*( wcziwﬁsm 10 is

di sengaged Signa contr is red
r oporti Onal | ypf{l&i E'}{h n B 1{3% EL Eua«d 8f gcrura ?o gziuhzék Fo8¥, ur E}N\/‘im’cé o

i ncreased: pr‘opo:ﬁzfmbmabib:yﬁ«irm:apei&aﬁmtmputa :hJHf W Gads Inans: {&dﬂﬂm@iﬁdn\}@m to

|ntU|t|ver adj ust for € Lhnput's ! train
wi thout 1 bse B nsEh s ogu i iy et eretfod I saBRg I
detection al gokighd) proSRHiahd v hy Bammkl&iwdnw i@mﬁ@hﬁﬁtﬁﬁ: Amﬁws.;ge in

| CEI Tin that |§ ,hot _respons siyve toeg ﬂ thus %{; g} lng t hat
the clutch is Af §SRGAG P RACTYRETE 5”?‘ B‘t‘f%" i A8 the
| CE. To priovicges@despee kduinbesexanhing bctkvt%mi heldr et defyreases
nccel erat or, .pedal the, A for
oo ona v Hideted Pt iR o e Ik bt b SR eph Ry
proporti onal t@érht ﬁgmp&iﬁktet@ﬁl @faemedﬂlr\w2~ mmmpt@@@uaﬁwmm *dal
range di vi ded noy.e Qartl cu edal rang

descri bed herer “”ag%\’f“e?h epvp hyehixgr %B’f’"‘“\’g %?@Egﬁ&“i“e“‘glﬁ%ﬁ?“ ‘3@% of

its full rangey #hol: &smahn&d& Nbg df ool d08e:efetibe «ABCELEr ange, So
t he val ue of s&{gnal 312L. tha ont r ol I er.. 312 gener at, es and sends
to the | CE i s RBYbEYecqey: f%ﬂ BEER AR A BPRRY R ficteeRdnctrataia Kot 78 gnal

312__S ET $ent gladishbi@edsbndi® 1p pORDEAILAN mdu@aihhﬁmbiaﬁuﬁicﬁ%dﬁdmg&(@&! tion
signal, as' previ ously ,PO' nted OM Thu§ t%? t he exanple given in ,
whi ch pedal 603" HErahBpivaadiog ¢oaplac B8dBf its full range; which is

about 20% of the A%cha@gepwmehmbwat tl@fdn%xg}&?il»ss@&ceimﬁtw padh t hat
controller 312; responswely % rates and sends t the ETNI Ot hus

demands 30 2096GF SEREETNG oD A CCH i 6 FErTp ‘ng““E ke ehigre.

I n anot her exanp! &, 1Nkl ﬁ@@k@? :s%%miiofmiﬁke@i& 0504 of SeddaRL RESRARS O
about 16%of its, ‘foII rang whi ch_ i S about 50% of the REGEN range,
the val ue 6F sPGhaR zvsﬁ*ﬁm“* diggded by ¢ AR PR HERHAGY Ty ihe peddseies vel v

gener ates and §@%*§1@rniﬁh@m§“ﬂp@iﬁb@‘sibggimgﬁmseg%i@tw oot @y EliMage,
generator torque recharging. u sion buttery. However, all

this regener at fEr*EBtet 3m}§t‘b’%n’*@%f?‘ P %S ﬁ@ﬁ‘é&ﬁﬂ?n‘}&‘f valyreof gk | e
or else there kg @Cﬁ‘ilatliﬂthmQ%?aﬁepﬂW?m@r\&% labk&at & #hegener.adeg s bt e
that the signal 312_S ICE that controller 312 generates and sends to
the 1CE is 0% E6r any position of pedal 602 within the REQEN and 5

DEADBAND r gnges Shigt 0883684, Re Bl R@Qignat 212 9N8Csinh (EhcnPelg, SO6,
the driver may accelerate and manually shift gedrs of the Manna

traanl i Ssi oMyeBPHERIA Rsthip Pey] WHid ppsiHETEEh a8 Previiesty poipted i h Thipr ess

button 622 to g:gRalERRLKRE LGl gedihadz B4R @ BRAWDL 18 Mf t
gears.

ringé; which 1z sbout 20% of the ACCEL range, the value of signat 312 8 ET
fhst controYler 31 responsively gonerates-and sends to the ETMG thos démends

30 20% of the ETM motor torque propelling the vehicls,
In suother example, in BT mode 806, if'pedal 602 is depressed o sbout
16% of is full range; which is .about 0% of the REGEN muge, the valae of
signgl 312 8 ET that controlfer 312 responsively generates and sends o the

MG thus demtands 30% of the ETMG peserafor forgue recharging the

ut

8



10 Responsive to receiving this signal, controller 312 switches to
GEAR. SHI FT ET state 818, Wiich corresponds to the pedal responsenodc
O the sangonasi1tiist he Mode Tabl e. Wth referencect@sidigoeeAR
SHI FT ET nede in the Mbde Table, it may be seen that the val ue of
312 S that controller 312 communicates to the 15 ETMG in GEAR SHI FT
. ET state 818 is proportiOnal to the basic pedal position signd
divided by 4 i frowhEngetal HovRPrhiitEresogeinn aryapsiage Sum the
proportional tg,the hask Guesale ARSI Afk«St SoAkuALYdad. nyﬂfﬁf '&& the
pedal is withi n t he, REQEN‘r,a_nge, Tgl‘_\S'IS‘I gp [ea'solr!s. desg&r_l‘ e ;her
:ﬁg?rm nﬁggfﬁ?g @W%?gﬁﬁ@? é?f_i(fb-;:g otrgl Ji Y géz‘rvwhblei not e](cj
at in tafith 2 theREG: 9a0HC QR LG Tof Bl BRITIHNL GRE RBaBn VL Ue O
signal 3112. A bl'§CE tolft_he i CE tahat" P‘s tf)}r gpgrt |3 onal 'toactﬁg§%a5|a§g pedal
posi tion si gnalPEARRANDEMESACCEL range 10. This signal has no effect
in ET node. Congtller.. S35 configured in this Ilishiondegarding
the '312 .25 s%%gwgﬁ?g%%%%ggops. . First, if pedal 602 is in the
ACCEL, range: and: t herioy d emeln 0 theprivpwmasidonlerady qdendmadinsbiiacEM G
(motoring), onGeatNe, A8ak D% IR Bl L ntfilfdi8 i ki QnVBE D st e M G
will 'be unl ea&ggﬁg%%é%? gﬁgrﬁ%%?%%\ Tﬁé’iﬁli‘k@\%gﬁ'%zgmwgn% (3?%‘Q§61Fn up
the ETMG qui el dyess:tatt G wpdedl wepbr 061 st hdsithe Yot gudiiteneand
signal . 3. 12 5 g EL L. LhORI analwer e epated . Seconds cbfe30y
pedal 602 i % | Rephatite b hgggt‘é\g‘ﬁgﬁ%’?‘h%‘?%y *g*e“r'%hg‘u‘gig?“q%é“ﬁfé*?g% on
torque (ion thek8NE(Eeriewiedmgls to theedaMeGonmashde endi: base e dkihy
sl owdown t he ti}&%'{f_{qgﬁsi on input once the transm ssion input is
di sconnected fromthe -tralituisiijii output by abi | tinat he gear bbx
geatsito neutral, EWifigcictearde heyGBAGUSHI dVicmbdran dicfdete Tbicnakiang it
di/fief-Eh to plat;0llie tranS nissign Jn the.next, desired gear.
Thi's, nab, \/\ou{g}d > 't’é‘-%“;tuig‘éér“b“y‘“t ﬁé“ﬁ*@ﬁ']é‘{’ﬁﬁ%ﬂmﬁﬁré “r 5&“8‘“%‘*&%%%‘&@% to
t he not; nt erfuatd8diE or GUAR GEWRN BT sfagridl isZikGroricBalBEd tehtagic wala] ghslen
typi cal of a diesel.engine. ..This, again . vwould.be caused, by the
MG o muche moER AT et b6 e BB e As et i et e mand
signal . ZI. O _SiERhathandd etk sealt diieddy of il dhedices & wRNgIIREREGEN

Thus, to provide a specific exanpl lithe driver. depress
accel er at or pe&éiF‘e‘G(‘)g"’ ésd&ﬁf*'fhﬁ’éidg}’)‘f?%?‘!shbé wn Qzéf%lﬁ%’trﬁ‘z{ ﬁé@@ﬁﬁﬁb‘%ﬂ f or
exatime, the Maldugszbf 312 _SitT that cOntraer Mgenerate-it and

sends tit te ETMG j g 2008 4 = -594, . t.h) i ng 9% of the ETMG
notor /envi‘€ to pi ti‘%ﬁe‘}uﬁ{‘?{"g é}‘ﬁﬁmg%}ég ‘“%ﬁ@%’%@?\?‘é‘ﬂﬁgﬁofmﬁ‘*@ﬁ&l “$128
| CE that conti pbheeni8d® geleritigs! ant SSERUS (HedCE e Is Glopdemandi g 20%
/10 zr 2% of the |CE torque.tg propel the vehicle (if. the I.CE

i gnition has not* %}L(%‘ Bt i‘d]“@ﬁb‘ﬁgﬁpg’ﬁéﬁ%&l@ngp L 6{}-15?3“&* HES B
previ ousl ydi scufaeé) T mede. And if the driver depresses accel erator

P 02 SHh et bl Rt I R Yo s

23 signal for two reasons. First, it pedal 602 is in the ACCEL range and thereby

demanding propilsion torque om the ETMG {moforing), once the gear bog
iears are shifted o nevtral the BTMG will by u nloaded by the transpission. The
ETMC would fend to spin up the EYMG quickly toa bigh sped responsive to
$he torque demand signal 312 S_ET if the signal were not attenuated, Second, i
30 pedal 602 s in the REGEN ringe and thereby demanding generations torgue frony
the BTMG (zenemting), the BTMG would tond t& guickly slow down the
transmission fnput onts the (ransmission input &s disconneeted from the
irxngmission output by shifting the gearbiox gears o neuwirs]. Eithét tendsnoy
would have the effect of maldng it difficult to plact the trandnissios in the wext
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generates and -sends to the EfIMGis 20%i 16 1.25% thus dethanding
1,25% of the Erma generator torque to slow the ETMO spin rate during
the tinme t{g icbaSMsSSi on i s between gears. Rel easi

shift button 422 ends the CEAR $ili FT F. Ty state. Once tﬂ%gﬁ/%alﬁh\?gr?ﬁgz
pl ace the shifter in the next gear position he/she releases, the 2.0
button on the gearshift to make available the full tenpin or regep
avai | abl e fromdetike o345 dcsapan, ngautcﬁe csasgmattw/a“rm&mtthtﬂ&l. k@Rl ¢ pedal

osition to rQ Qw.t he eni bM nment of
F he inventi oﬁ '|B L'@%\ﬁ%‘f—ﬁ“ﬁﬂl“f%é Qf‘%‘“ g‘l’%“”&é’rﬁ%ﬁ?% g%f‘z DEEHI AN caMs
a slight resel ltySdsgmad d tsa emgm BMS, di’Ih! sogd g:n@km.a%; ﬁ&ljﬁa&z \Erhteh MO to
slightly slowthgrmé Ve zaﬁ th “in ,gj Q{-? ng that
an ICE will 'exhibit d"” PG AT FEPRE T PRSP B%“‘h ' —t}*-é"‘“"t he
Slight retteért saugiakyphitl tfalisd caginpensate for the :greater 'mass
tithe PX-U with Wu nd to carry Nore.inertia than the -s ur: gear
normal | y' skt ukt . Th%%“‘sﬁ%ﬁ‘t’&r HttE %“ét“?né‘étl‘t/g‘h}mét “PIOTT &P pﬂt‘“‘fg
subtract' the gudd 602 d0® i A)s ot IO REFREABIELL, fdﬂ%&éﬁﬂ;ﬁé,@l&@mgg éut

node to

determning th it . riate switch fro

f eEode. $14, coﬁti?‘%lr"tj’% S’?g’“ﬂ) ”%lthSﬁ}? e sy gjntﬂc’l“e*‘ FECGvRIE: 1Ko
oper ating Mbde 4820s%vias sﬁmm;dhﬁﬂr k®irof a@m%&d 1S\ QVd ©eRpel ﬁ\@@&h&i& ve to
condi tions descrihed.in §JI A, g 752. This node i's O short
duration. $YNCFH bﬂé‘r%ttsfé?f %9}42 56t ORBleERL2 soEeies WeIHNAL B t he
pedal respOnse cgadau@ingtioe ﬁane 20AFRLd [H bR u@b@)ﬁﬁpézaﬂ @atmk«gé e
SYNCHROpt i e 8%% cont ai ner 2 sends. si %nal 512 8

i ndependent  of BIEPB “Spé’tj%ﬁt 6@?‘“‘1"%1‘? Jral- 1 5a 2% P‘“‘G"‘S’@NU*M)

communi cates a pr Edﬁﬁtﬁﬂ“muﬂﬁdct@@ﬂtﬁ&did{@uﬁ@x%@eﬁ abhﬁwta@%zrz%e&%;w 11)
u speed, such us M I's appropriate M matching the 5

rotational spe&t. %gf{’*t’“éa‘t 3F> fﬁ% ﬁ’f“ggtl% fPei WBiGtof Sisarie3 12 g Bl erelivanual

L transni ssijen geaphexi-gent fntan MRS &hout/ Washi 0oy, Mhs@uah@bhy t he
Short whi | e that SYNCHRQ.mode | asts, controller 312 contl nues tri

gener at e: Si gnal" “§T2‘“ sk P hgrgeion Hrage 1 glophise ETMS pic e Swinsdbtranner

as in FT node 806 hethhdnibdon iNn@k8kel@ avoid a 1eSs of Wtte M
propel ling the vehicle :during the "transition 10 until PIMtinme as

control | er 312 det efitiiEs *%"hﬁt‘“’ 6HE trilon 847 eubfibe CEAR SEIREKER swer |
“" .. HRO node L0, @0aSvR HaGRRE KRl '»ln?i& ;%1:%% a@ﬂ@gb IQQm@rn ﬁ&lwl?d@ﬁgﬁlm

response mode, Wi ch correspandS to | eefr , inwhirib
control | er 2812 b\ERds i%‘h@*‘ﬁ?‘é‘d@ﬁ@?\‘rﬁ‘ﬁé@i’hﬁ@ﬁﬁﬁﬂmQé%ﬁwm%’a@f@iﬂ fiom,

5.12_A 1 GE: : shgnahoWelds atﬁlté SORAPARERt ARNGLRLSE LeLiAL %epr%;%i Qﬁda'
input. That is,.during.a short predeterm ned t| me |nterva ew

seconds, cont rb-F’T*é‘F”@’f‘%tdual | y decreases the predeterm ned demand

conponent while graduabdy %ﬂh&‘i:@@&'&gﬁc ittemﬁm;oa%&ta ﬁ%@@rﬁt & 813
responsi ve to pedal p05|t| on. In this manner snoQ h transition from

EMG propul si on®t#°Ry. 3 ipropunsicas pelight HF@?éﬁ»“\ﬁl %’h‘butf Mverihisesigichg t he
engine 20 @5 CayslNg: FMY rlges[w}{tﬁvs‘{ﬁg t&ng’? rH?wE %}ﬁﬁh‘%? kAW RO xi&fht t he
vehhile or excessive stress to the GEM cl utch gears.
SYNCHRO node swwing that an ICE will’ t\:iubxt during slufting: (It should be notnci that ihe
shight segent signal will also compensate for the greater mass of the PXU with
wintkd tend to arry more inértia than the spurgesr normally-would. This shight
regen effectively dlectronically subtracts the extra fnertin,)
30 Respousive o the systemi diermining that it s approprisie to switch
frosn. BT mode 806 10 ICE mode 814, controlier 312 firss sivitéhés the velicks to
SYNCHRO operating mieds $10 (via controlier 312 soupled dovicesy responsive
to conditions described in PIG. 7, block 752, This mode 1s of short duration.

SYNCHRQ opemting mode 810 in FIG. 8 coresponds (o the pedal response

30



It is possible”, however unlikely, that during the short time when in
the 25 SYNC: | :1 RO : node the driver may be shiftingI g](cams. it this

ocot 0os, Meywg 889PAGicve to the -receiving the signa ro ;
-controll e?%lZﬂg?\nﬂtﬁches MZEAR SHI FT Synchro node rp%ég&mggg
822, ' whi chnorresponds to the pedal :response; nodenf the sanme nanein
t heMbde Table. Wth refry-neet the GEAR SH FT spicily Mde in: the
Mode Tabl e, it wede diéessmenatdiaticd abotdibige. nxde AR O o CONEHobiiar 312

automatidal Iy ggnerates, signaly~312. S jn the.sanenanner.as ..
descri bed- abovgﬁ'r“gfg%r' d‘?ﬂﬁ’_ﬁis@%w%ik%j%m*g‘é(‘:’gﬁ%‘fiﬂﬂgﬂf& O‘ﬁﬂ‘l‘f“oﬂg’[ﬁl Wa | {pe

gener at es si gnalizs@i B2 SEFCE notinenisiwe pmmmhzaslmmmb&%?hw&i i .
regardi ng GEAR  Si.nn ET 1 node:06. ., Ihis,is.so. that iLnputs fann synehro
mage do not cauSe %g;\/g r L'&r‘)eméfé i o]ng-ﬁgyﬁe}‘li’t REL SRBRPERS f BRI Hitc h

.coul d resuld imutiagbspeal oiahergyméeiof ekt s’hﬁfarmgﬁt_ 9 xzﬁsh&&é?ﬁns&%ﬁ&ﬁm
or.difficulty in shifting  Swiching to |CE node. .~ Once the
condi tions | %/h ‘“{é @B‘st’%&l&é%@L4"‘%’;\781%§eﬁ1"$é‘§3@’abg¥’§hé‘ﬂ‘, ﬁ"é@ﬁéé@?*f* &Y
| eadi ng up to BIGERIRG nddn BlsCoosFrollambie hmﬁ&tz#iﬁ%ﬁ”ﬁ&éﬁe}%ﬁgnﬂi @g{oﬁ{_ﬁ%ﬂe
814), Controller . 312 sAvitches.the \athlete frOV.S NCELR6 perat i ng
Vode 810 1 o 1 CERds BEALD TR boffe rET AL 5 Bophet BR0i CHb! Kb ch
cil streSpondS tadd hewasd a dfss péd‘ad;uer-feswf)ﬁﬁﬁ;gniﬁﬁleﬁiidl&ﬂﬁiﬁ@'&éﬁﬁ%iﬁ{)ﬂ‘ h

ui ckly, REGEN efficiently,  RECGEN.drily off pedal, and BOOST in the
(I\q/bde Tgbl e%\hé J*’i'*ﬁl&:‘ "ﬁ%ﬁc@}%@%gﬁiﬁ?%ﬁsé{m %‘f’g%gé}“ééltfg*‘ﬁﬁ’é‘ 1§t hese

pedal response avacks reSponsive te battery statenf charge, See Mde

i Ccripti f operation_in each of the , REGEN
R RELEQR SN R CHNER R NG - S
response Mbdes.isspidst aiiie g igeabSedpbnd EFI dblock 754, in which contratier 342
Wends the pradetermined derand component of 312 S_ICE signal with
15 component generdled relative to pedal dmput.  That s, durng & short
predetermined time interval of u fow seconds, controliér gradually decreases the
predetoomined demand component while gradually incesasing the COMPEIICHY
generated yesponsive to pedal position. In this maeney a swooth transition fom
EM{ propulsion to JCE propulsion is achieved without over-reveing the engine
2 or causing an under revved engine to cause slowing of the vehicle or excessive

stress o the OFM chiteh

Shifting gears.in SYNCHRO mode

it is possible, however unlikely, ibat during fhe short fime when in the

fw)
L%

SYNCHRO miode the driver may be shifing gears. ¥ this ocows, then
respansive’to the-receiving the signal from buiton 622, controfier 312 switthes
21 0 GEAR SHIET synchivo mode 822, which cotresponds to the peds] response:
meddeof the same naine in the-Mode Table. With reforence to the GEAR SHIFT
synichro miode i the Mode Table, it may bi seen fhat in this ninde 8§23
30 controller 312 muomatically generates signal 3128 ICE in the same mannes us
described. sbove wgarding SYNCHRO mode 810, and sistomatically gencrates:
signat 312_8 ET in the ssme manvor as described abdve regarding GEAR.

SHIFT BT pode 806, Thig is 5o that inpats Som syuchio mode do not cause
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When in I CE node 814, controller swite. es to GEAR 5E117 | CE node
826. respiinsive to driver actuation of button 622 and stitches out
of node $26V(ﬁﬂﬂ9/@ﬁ;@i<ﬁ to | CE node 814 responsive to rele

622. Operation in 20 GEAR SHIRT | CE: node $26 is sinil arit{iég%zﬂl%ﬂ%"%
described in GEAR SHI FT ET node 818 except as indicated la the MODE
TABLE her ei n. 54:tbgitute eiectie-oniy Al conpressor, power
steering punp, andsaitiondynitce$sdCE boEMEraliascould resuliid Bam dxﬂ%ﬁuk@man
enbodi nent of t LESE U ok DV st em addr esses
convent i onal aulltg |§rn3e/% & “jh& Jt}&%ﬁg%h&mﬁ?\ é‘?ééi’y for Vanden of the
vehicle and for driver -conf ort (air conditioning cot:pressor, power
st eering pinp, ; for brakes). An arrangenent tor this
has beeh di scl o;ﬂedb %%r}%@%? “more of the:above cited, rel ated
applicationsi |In andkhetis andapgete s si@e 80y ivageeh @bfﬂﬂb}@@t;ﬂ@%hm&!t of

t he present mven 0 I rs.400 e he 30 I CE for_ these
Subsystents aft M%%pf}% g é’g%ﬁt H”e’f’\tla\@{~ r %cg%‘%‘r FRIEIENEa LT Kb i1sr Hifed
efficiency. Theynasies pweriebbsiythichaimm PENCERY hhaknthdVisies 10r

propul sion in t g drivers, are turned on and. Of, 6 as
needed, tint opigf%tﬁgléfm ?’Tﬁr@ge ﬁ%’] “E"ﬁ‘é‘g YOS SEEORHdL Wivewt ¢the

EICI\/G S Mot or i nggedal résponscRagE (llslbﬁ@ﬁ tRym N Cfuﬁy;st gg@fwm @@t{tuﬁiguf{%&i*‘\’@'\”
conpressqgys are ive rlve efficien urt her

ener gy Iossg{s are ﬁggég Ej\/gﬁb\%é gi‘%ﬁtyc‘% r ¥&goin IR goee R¥hini ng,
as the I CE stildes &giimsut hﬁ:\ﬂu}b}b oy thag: pd‘dh@\.@s@ﬁ\i mddBSRLA vd Rrnakhie
present inventi ol r}dz1 teg adgi con?{ertl nrg to an eI ectric- 5 driven
AC conpressor r é“f gy SEHLE AP PerrdpT adpssrngen piotrealion ERadrd | CE
nmodes. |ikew seps REGHENuldRAREGER- AfdiMeD, ROVEN BLART hOE:, fukdlia@loﬁk‘”p
and brake Air conpressor, pyIP Shaft bot | 'spl n and bypass iltddlair
even during perFEus B hg? Wg’é*rrand meeltirtg in contlithous hiss of
energy fromsthe system According to an enbodi nent of the present

i nvention, Al %these atixilittiy systemdrivers 10 ate renoved
front the OEM cé’hf‘"ﬁ F‘a“ﬁ%#&awaﬁ‘r epl aced by high-effici ency

el ectrical drivers, wiagdhd €8 Sanesa |«@§uﬂ¥%¥‘%{mh£'}8 d{@ﬁ@é D@fit
el ectrical dr|V§ s are powered by a Controller su romt e ET

propul si on bat £ ?g‘f‘*’é‘ﬁ’d“"f* & @éﬁéﬁ%“é’“@‘f of iep Sxbet: ’1‘*\9‘%@1@??@ hidegiZéach

driver to ensumgd bhekiss INRWRIIE G 10 MsYonWhe R %Qezq Hafkn Qf’erb s‘e%nm
aeeor di ng, tq it JType of el ectrl e drivers and ty driven

urpose.
devi ces ¢ RS i% “g{‘af’éﬁ HE el s siow %Wéhdlﬁﬁfeslé‘hitmﬁﬁv%ﬁﬁﬁﬁ Khs
invol ved' opti mMaak BOE ex@fpt & indicASL iTRISMOBRFB1 @RfklH. 21 ng, how to nost
efficiently capture energy fromthe ICE, stom it, and Men reuse it
for propul sion, Ac ok iﬁ‘gl*ﬂ}“‘maf”c"éﬁ‘tf’ EPRREEPTIR N FaYEeTing piatt el air as

, descri bed abow@m&\gmrs@pﬂ)@gg ng auxiliary drivers with electric-only
drlvers In addittim attention has also been directed to the typo of
electric. only dri varsrigngtotpeenghpgisncst O%ﬁ*mm%mfy“mvméisf Ehapster
at-tr.drives, AZNeEUSheMRERECL MGy ThaliWat B NUakdy I% %am?zg;gisioiﬂb
ineiluding inilial cost. A few nanufacturers use
starting, but FHacle apddyr Giver ﬁ‘é‘iiﬁﬁy@ﬁ e?t?ﬂt?lgoﬂlfmlﬁiear‘r@@shwmrem,mmhe
el ect I'! c-onl y 5@5“’{‘/' ﬁrl&ﬁﬂc’m%! Kﬁ&?&bs@ Atk %Q%%FP}S L?ﬁs RQ hgtgne{gt,(‘%)sed
i nvention are devi ces, which are noreefflcient Tha
conventional . BXXPEF gy the gBaye s, relpigd awi!eﬁbatllm‘mhﬁhmnwm%
thepreseiti nve&tcb%« 1hhe AE-ERIRT & 8 S eplaced with
a scroll -tépe Co réssor, * V\:?ll ch hagﬁcﬁfm#gr Eické{ i{lgl GIR&% ﬂ%f) fer ‘hat or
The. conventi oﬁfd-f ’3‘1Q’XP“h&tbkﬁi’eyﬁ'ﬁétﬁai‘dg»?ifn\gﬁ?aﬂtxfémMﬁmm%éﬁmﬁdmamusorre
energyfromthg;gL,g;@e\;g Mhen, : :
According to an enbad |rr§n @ cﬁlé(%yjﬂ%, é@%h%i?&?%@%ﬂ}&dgw0%;(:;1]8@,9;;1 the.
Oast - Mortal al ¥emwdt.ofhysg dwq{@sm; gignr..d on-and off, as needed, but operste at Uines

boith whea the ICE is on and when the ETMG 18 imotoring,



removed. Correspondingly, in an enbodi nent of the present invention,
the HMis used to charge the conventional 12V battery via the Fr
system COﬂtW@hdo@;ﬁ;m’M’ll ch is also contrary to intuition f

reason expl ained herein above Since the 12V : al ternatorlpéwégﬁ%sﬁ’ﬁ%fea
the fi. T systemcontroller 5 "includes a 12V power supply fed by the
El' systembattery and the ET systemiliTtC4Q where the: .12V power
supply is tasked w ﬁ%&#«‘éﬂ@@nﬁg theﬁmmmenmn@mai QRERVAL m\@zﬁmﬁw ekl es
charged for Useyidi.onesati.qn 2V, systenms of the
vehicl'e, 10Power steéering Acfc é’%“?@“*‘i‘gnglﬁg"éeﬁ%%}%{?ﬁ%ﬁ T 6% PERE PHResent
-itiVeutiOn,i whesthe AC compressor is nof ranning, as (he ICh st spm& the puliwwa the
sensor s: inei n@ngQqu g(g]t ored ering

st eer | ng i nkage fovene du %&g i m\[en?on m}l a:ix !g.ﬁ:én%é B@etm (it,tﬁ‘%w
presenri nvent i chives Aﬁh@mnsmrremhusemmm:apmmm S&eBﬁih R ¥ i‘l%lHH(“B

driver-- to be g e t he sensor, icitin

novenent in the glkk%?‘gf'clr n.ﬁ}?%’n%n){g{“ ﬁ%‘tcﬁ‘é’l‘w “HSTEBES F‘ﬁ BYfR 9‘7@% B4Ry cui t
recei ves: the sm@&m%wpmm;aﬁﬂﬁﬁ}hm 541D r:utad! B{paQ;l ﬂa@cﬂh& m@ﬁ'&!ﬁﬁzﬁv gk'g&is powner q
steering punp r. 4o, 0 Ve a predeternine

Bl ue interval urdlyﬁw wf% "plﬁmg B ‘""gfé’ﬁ*gi&} OFeR 8‘t é3f H@“ﬁmﬁh‘éﬁt ACRoTipg

st eering wheel @n af »r:mﬂamigmu hﬁaﬂpﬁciﬂﬁr mwn&ﬁﬂeﬂt of tﬁé’i@m&%&h‘ Q‘stﬁ'ﬁ"x&%t

al so recei v i.ndi . vehicle eed and the 2
control of hea%’ner Q)I%iZAI A ﬁ ag&c EHGHEDNGG A r"é’ﬁ‘é“*p%k/vé‘l‘kh‘f%?‘éfé’rw} ng
pi nup responsi w@m%m‘avammaave@mnmwm ﬂ&dnbk%feia@i%%ﬂ'ah@?@ 1S
further responigvmd ontrol .Ci rgw t Jet ecting that the

vehicle is tradelng af “’“Q""B‘f}e“éﬁ’*ﬁ%rf%wl SEY BrByees bpHcseed is papile

whi ch i ncl udes opmaepamam} i J‘s]:gmﬁtsixg\/tmla rﬁrﬁaogzh&ﬁugaspac%gwe&\laeﬁﬁfRL%QJ;
det ects whet her the gteerljn%: Fﬁn age is or is not steering
vehicle 95 Simg 3h%38?‘f%P‘* PR “gb‘f‘%‘&é’t erm ned range
near - strai gt ahead), such that the :detected :novenent is a
novenent - i ndi c hat ,-.the :vehi Ie steering is changing froma
first positi oﬁ"%u‘gg“aﬁif f‘i'éﬂt]‘i/“"gtm’él"gm“ﬁﬁ@éﬁ“t o a second. position

net substantial l y sRésairghindabaing forGhe Hre@M MeniSLEANGVRAR L ﬂl}nﬁo -the
first. Accordin n One fnt hodi.t hent of the invention: e ¢ontrol

circuit is 30"'g Eﬁ?ﬁ”% YUF SGEVPPERIER: P tont e iisttatdy g parg foel ver

to be dc-ener gmed‘}“r $bielip @bt U8 1usB iPHEFRbALIR NRLod:ifBy | ALEHLY 8l &di Nt
etects the :steering position renal s

Wi ch the .?eng&' ;
subst ant i afl F ArgHES 4 daigribed) shoves £ Bplaee arvabiaty orvem pit pcasic-

Pr edet er ni ned EERYAvON RiatdIEn, ShdlBorDfas 3isb BbBRreciaNS ek 1 W dfeemidCh an
arranpenent, drive a conventional power Steering pu

i s reduced. ‘"’ni%ﬁ“éhafé‘trﬂgﬁ&phé’ fgery Hevises fah preghiven. his HRR oM ey

driven power sebbng: ftk Wodh MNP vhﬁet{ %f‘fpéé%ls OficihURASSEE G0 ”EJ glely.
The el ect* driven gower 5 § eering I's activat ed noti on

of the steeri nGFHHEEIS yEa ety f?fy“%’t‘:&aé’h‘?é*ﬁ’l *b@e%frmat\b’ﬁ@heﬁii\@ict he

steering cofunflowdBentd BRuEophy AlkiBly FERSES: Exh@-tn‘x 1‘3\ (SER! bl heel
position is different the average steering posi t| i over ,

f
the | ast seeentl’¥fd a%}*oﬁtug]o favices. t"ﬂ’t“f‘i‘s*“'%ﬁﬂﬂ%éh%?@ubﬁhgi& strvartiond) 13D, | f
the position daesr tFughangey Q&zbétfnn&ﬁﬁi &E?F@Eézx@ﬁn&gﬂ ?ﬂco 'c&zg% Lgl ght;

the Orton& 10 starts counting and turns the punp
t eaches 2% secHiRgshas been replaced with & serofl- -type Compressor, which has Iughcr

efficioacy.

-~

30
Alematoy

The sonventional 12V battery-recharging-aliernator also drows some
energy frosy the ICE even when the 12V batteryis atfuil charge. According &

an ebodiment of the present ivention, the conventional alternator is Jicowise,

33



Al r pressure For air pressure, the controller receives .a

Signal from.a pressure' transducer and. turns on the air corrpressor

wheneVer neggethooMN7tg natively, the container receives i

hi gh pressure switch and a | ow pressure swtch, and tugpr{g‘m%ﬂ“sfoﬁ@n

conpressor until. the, pressure is high; then turns -t the

conpressor until the pressure is .low DOl requires that n certain

M ni mum air pr egseicd |‘@immonanmagnpadrmimdanmxal&k tlzaaﬂdsubhaxkvzia@@ gent rol
. system nust bgyabl - i time frame should

it fan bel ow that m nlgtrﬁ%“dr ?%\“/hgf"“ & ﬁoxﬁﬁﬁﬁﬂﬁaiglﬁk ﬁﬁ‘b‘&l fente gf S

i nvention the cortaiiel I@aﬁmnﬁ@m@gm&} damnde&rhaesedn@fbaﬁneé@%ned

ef ficiency whethe u speed quick charge the
brake air syst té’%] by Ir?g\ém gﬁ o éll ry}éﬁtahb?‘ atog ﬁe“‘?%\fgn‘t}’?&-ﬁ ke waiiicener

nmakes deci sponsmb@si edzﬁmmﬁem}w} Hehiyr Ge ETtsgi PRESS MdBthe BF Gyugnd
optim zes all %I%g It shoul d ha

{mze en
appr eci at ed from{ et %' %}gg nd’afzh‘aiuiglég ﬁ#eagvﬁb&%ﬁli‘%%ﬂpﬁﬁ‘ﬁtm%f t he

i nvention an eké‘éttmticb&:ma@tci:ﬁlguﬁgbsﬁ@ﬂh aporslROGE DR BREGI W Seystems
retrofit: 1Wto, o8 such as a class HDY. The retrofit “system

provi des: adequa ‘“ °Ve time and drive perfonnancel br a.
predeterm ned day truck-drive *le by matahing.9 PXU, ET

not or / genergt Ok - and, transm ssion gearing,. ii) FT 30 notor/ gener at or
speed/ torqué charadt&riéstic,, -and battery characteristic to deliver
torque to nechani C&%cnd)falzme{nl’ &t Rk MJﬂk@ F;Vt%kﬁt' eanedel epmi,ped

and transmi ssion,

spet,1 end tor 3 ,ln;l\it for h% ET141(
Wil e al so pro\ T’d‘fiﬁlg“i FERHEFGde Ft“%éi"t“@?‘o’y""]ﬁﬁ} Profecitar Enegs povsiore t o

- pr edet er ni nedof @itk e @k abhe. of e GNRbRA Y WhhiDees glec?) w@z”d
torque limts qf t he PXO and rransmi ssi e speed, torque an urrent
linits of the “EFFRAS,ITEL LePy wgkuimesponsive Tieathe] sensor hstesip®t em

specitical iy ba@o&z&@ﬁﬁbﬁ!‘@@h@ﬂm {Qkaegae% b QfpeotE) Mt >P&Qﬁ? PrecBlG that
satisfies preds gue and speed constraints wt

termned to
pr edet er ni ned @f’ FRRaRT st @‘%Bh%‘l"l‘faﬁ Lr‘ﬁ*‘é’“ cquses the nopgtdeaEpypreRidpat ter ns
of speeds and $d §n@wike E"%fi«'\tﬁ;m\ﬂ@@r ehRRSYE: g@%&}@ﬁ ﬁn@%‘éﬁ ¥m

Suf fi ci ent Capamtyﬁto% d a pre etermned drive tine

pattern; and tWEEMEY T GaREratissecdauvhcberinkes. tim@mﬁmweﬁ

Wt hin predet %ﬂlﬂﬁﬂs’ LE&h@ﬂﬂerc@%r fal §RicHGT ’H@Qf | £d 7 e Md
speed drivg Cycl e. % .the hata{Hg%}Y hajlsc SiTd t m&e r(riei%]?t&gnd 10
anper e- houT capHEY §F £ greEriEns i clicrerirgett éhfq v@wfl Wﬂm tiwip t he

predet ermi ned w@ipueveay dhoSedbietend B& B G (AS 1 genRnat har ge
the batter"Q hin, predeternined r!ecﬁar ge ‘é portunit aﬁ| g{sl&lgq?‘gﬁ%’%?n t he

drive cycle. e Rapggivet deeitng tat she whigle invepling aiof smed bdes 2 HDV,
a relatively &ﬂ&iluﬁz& &E Ll ORTLY 161 BLORE s il a @D 16 Lo,
port-thatis - eS|“Q | for a dlfferuent{%lSr 5& '(i)tsig IF\%ﬁuf(iaifi%dPI TN G
is relatively &R ?‘ﬂﬁ? “hEpersths fsloping Hilsan Getield 100 sirove thaerchiciick M
al' | circunst anggiss @e tor IROMECLbActaRL 4S ne 5
characteristic, t hat ex{ceed teicﬁjr |br$1 tﬁsﬁé{g %né%ﬁt\?/% @V‘%df%“%'lt hat
is | ardy CBUBHEE! wavegeny an‘sP@YLngéamd@ﬁtlztgh@atc:bmwéntzp oeatng is
transm ssion thse hm;;g R:P-hafd . have the
capacity to dri veH%r be driven at wgm{%mhfﬂbréﬁgéﬁsé%l}%ﬁ%%%d BEHOR
cOrtain situat®bisrsERl Fraiubd mherdt Pbrfa*n Imﬁc}’@emi Yitidsit a:nm first.

Accor dingly, aExdashaVvino;R Sk i@n que rating
and 'a high speLe rra% r§g 'S I\/la\ndeﬂglﬁﬁlE noq mgé?&ng ?riéér]lt{’go ¢ “\h st t.
Mor eover ; “ConVeltisRale PR dhelgopet shavwe anrspfdived entﬂuyédat-gf},r@ear

to(f]‘][ ;/Oh;g gnalb h8rbfife R ‘?%@:Q&u’nﬂ&@ %1!cqptm’§1%19{1d'xﬂ%l‘x Xiic Sihsor ¢ &t}mlihg ot

a\:wrmg position remuins sabstantially straight abiedd, e, siraight ahead or

within a predetemnined mange on either side of siraight ghead, With such an



: 25Speed and torque niting, but al So haira higher- gear ratio.
Further; the recharge cuirentivOtaite delivered by the ETMG in

at ner at or t &) fh@6h 17h1sm0de) uni stal so . sWtched-Mf or at

| oti streduet udi ?t connection with nmanual shilling. PI%F{%%ZP('S%ZG%W
to HO 9, it should rilsO be understood That the invention may
include a nethod of retrofitting. a ve.hicl in an enbodinment O the
20 invention, thissEnehldesignstsad I gy @2cobvdilibned pean el funpk
coupled to an egq} 4 Ng manual transm ssion of the vehicle via ail2TO
port; |nstaII|ng 904an el ectric notor generator coupled to the PX If;
installiab,!900 a battetybudivent o tbcaiukgnnomutp:l 1€t phiBet BReRPHS SVBER) ;

for supplying r veh| dinstalling 908. a

mi:M unit coup ed%%}tg ﬁ%%%e{'t Rerat § ‘?mi}é(ﬁ‘g IS "t“t”é?r%“‘ﬁ’hé?"wcr
configured to swat’mbiimp@nmp Portofiedyanvhint ihe sf&&ﬁd@ﬁ@ﬂzvf bnfeSdueand o
second nodes ot 19] nte conmbustion

engi ne, of t hew?/?a 1?!(% ‘% E5F Sh& n§é f“ng“’ gﬁF‘}&f]&»eWkQH?d { ﬁ“‘i‘ g Cé‘é‘(‘i@{‘(ﬁ Senses
node-t he- not or tg:erté& attmu;,pxrmbb&nkhea Vigitiradt @roinngha. avERiOfbdne: TRLS.
Instal ling 908 th cq‘pt&| yﬂ d%g | nc@ude - Configuring_ the control
unit as descriB8d Rer &t [ bt scoondylse pomtip é‘f‘%?‘m’t?h"e?’{ﬁﬁ”f Hediteenes Her e

chosen and deschd presioi ra%o@mtiehmtgp obShe @uPhRbmitdAgs BEIHIS B 8Suoll; the

i nvention, thehpgr\act 1@) %catl on,. ..and -tQ enabl e -atm O

or di nary SkIGH ' f‘ﬁ’é‘ ’gﬁ?n“ LhaRYER Fh e e reAeRE - 0‘1’?.‘m<i7ari ous- ot her
,ititibticiiinentS. having \Mnna nodifications May 'be _suited to. a

partl euhir ust {:ontenpl ated, .butmay be within the :tope ofthe

present inventi o] Unl ess cl ear| y and explicitly stated, the

claints that, /foll Bw qi«r;m@m ket endelrt Rodiv@ly AW RARL LALLLAE
sequence of act ncl.usi.on of |abels, suc‘”h as -a), c) etc.

-ler porriins o'i"m{%fs‘i‘é“r & Lf%‘rﬁﬁ‘ it Eprestey whenedgrmesder| Agpipatnly’ the

particul ar Sequemadic Wttives alphefioh § bl é)@ésiﬁu& SyilcBGhd b 1A Fressh@bfREE tO
theportions. rx;. 1/UOVQ /LO Z 1Y- U
2$348- 006W1PCTFUSIBOER 012 6750 0Wat "hd B grovwer Bshizh, Gue rwenold’ e

retrofitting a M:ﬁ{ikﬁbﬁvﬁ@ ﬁﬂﬁi}‘é"ﬁk{ﬁ@ is Jow, DO nqmrf:;: that a certain 1 1*15ﬁ%§1t gl ing
a power exchange unit U,? pl ed to._an existing manua
%rmsm» 1% mf;wia med. m a tapk and that the control systems must be able to
vephaee it within 2 fixed time frame should it fall below that minimum level can

23 Tn an embodimeni of the invention the controller monitors and decides based on
energy officiency whether % nm a fixed jower speed or quick charge the brake
alr systost. In anembodinient of the invention, the controller makes docisions
based on encrpy charge, lank pressure, cote, and  optimizes all choleex o
Maxbnize SReIYY usage.

25 B should be appreciated from the foregoing that according 10 an
erabodirhent of the invenfion an eloctric tretion system gs described herein is
retrofittiad fo 2 vehicle such 4s a class 8 HDV. The retrofit sysiem provides:
sdeghate drive tiweand drive performance for a predeternuined chn 'iru;.:ki--d;iva-
£ycle by matching 1) FXU, ET motor/geherator and transmission gearing, 1i) BT

30 molodgenerator spoedfionqu characteristic, and HiYy battery characterisiic (o
deliver tspie to mechanical deies train in ET mode within predefermined spéed
and forgue limits for the BETMG, PXU and transmission, while sl providing

rocharge of battefy in OB mode responsive to predetirminet features of fhe

(]
W



5transm ssion of the vehicle via a 'PTO port; installing an electric
not or generator coupled to the PXU; installing a battery

el ectrical to the notor generator for supplyi

pr opel the%ﬁ?gﬁgﬁﬁl nstalling a control unit coupled t{ﬁ?ﬁ@%{ﬂﬁmz
generator and the battery and 10 configured to switch operation of
the vehicle between first and second nodes, wherein in the first node
an internal cortbustyc@maﬁngthn&;méd 'Inb&.numhﬁ!k@iﬁl{eqpﬁk sncth@ouebbche, and

in the second , ) [ opels the vehicle in a
Mot OF | ng mode. ”BQ% &ngus,an i..fm n:m t%e?'g{e (€] Wdiam T8 i th a nmanual

transm ssi on havi ngTaattig, am:s&erungs@aﬁh@ﬂpﬁ&% déln%m\ﬂs@h Wt RONRr idle of f
(PTO port, a, irnetroflt appar Lt us co ri.sing an electric
traction notor-genarat OLFd y PR ’i“%la'i“f%‘t“‘ OBt FPRE Wastele within

transmi ssi orf tl‘;ﬁth’ﬁ&feﬁﬁmgﬁﬁ“[\c\éycac ampmag 19X FRAAG B btk W kpde J%th
t he PTO port, t E I\/G{‘ g all% ?onnected to .a battery and
control | er conf P*&Lfr’&} o C[S‘é’r‘ éf‘tce‘}*tt & IehPReR of sefisiopsapssrtie foraeid 3

conbust i on engipmeictedfln ﬁ*t:(ﬂ::%nmg&)l,pam&rfﬁﬁ @héﬁ‘ﬁ\’i@% Rﬁx@m oge&r
mechani cal power. Ry a th e!traﬁx ear and the Ma: to, I\/d
driving the ETIRERRSAEY SR RoGEHBIH Brhags ??P%H‘éé‘éﬁfd“étﬂb?‘e an

el ectrical change & thel bagd @_,FLSL, 2Rd AN IbRGLY InGs Enf"ﬁ*%zh%‘ﬁuﬁpt Qi node
(ET node), wherein %he | CE js powered off, and the stored electrical

charge fr om’t hé*HEPTERY "é*h"éﬁ‘bl ‘Qeé""ldhe‘ PTJEcEyngn debeclipe cwilie ottt o

provi de mechanipe@biRAaWer dWideytRewhen? Bel i ﬁﬂ@f@& g&%ﬁx‘imﬁ@% R:Qﬁmf L0
the manual transm ssion far propelling the vehicle, wherein

control ler is CBHEY @I}}t“éﬁf@‘ﬁﬂm‘ér‘r‘ﬁé‘i“éfa!’l?wﬂgwf%é‘ﬁﬁ%@r%}@ fihre tb‘f«k't he

vehi cl e between | CEranshobl (HPEES and®Reighh &rﬁkﬂ%t'bﬁ] Aot &n‘»ﬁﬂ slnﬁh
configured to autorratlcall switch operatlono e ‘'vehi'cl e’ bet ween

| CE and ET mdé&b‘fl@éﬁ&%iﬁ%f% e pihidretiap Wﬁé’@”(ﬂr@ﬁldﬂ%ﬁ@ﬁ@}f@aﬂﬁ@ﬁy

condi ti ons:{5$0 puase, MWMQH}‘&{G% rdtatiedly loht i trms of what e
23348- 006VO1PCT/ US2008/ 07267 ° Hrms ol vkt Js meeded to
mave the treek woall memm a0es, €.¢., above certaln speeds, the ETMG hag

opergting characteristics that oxcend the limits of a conventional PTO that is
ordinartly coupled to a transfer gear of the conventional teansmsission. through &
PTO poit. That fs, the ETMG must-have the capacity o drive or be driven at
20 higher torques and speeds in cortain sitontions than 2 conventional PTO can
Withstund, _-f-\‘»;t{:nrdingiy a PXU baving a combination of both a high torque
vating and @ high speed yating #$ inchided in an embodimsnt of the preseit
nvention. Mdoteover, conventional PTO's do not have & sufficiently high gear

fatio 1o enable the present-invention.  Avcordingly, the PXU not obly has a high

o]
o

spoed andd torgue rating, but aléo hava higher gear ratio. Fusther, the recharge
currentfvolfags delivered by the BTM(in geherator ingde (BT mode) muist also
e swvitched off or at Jeast reduded in-conméction with m amyal shifting,

Refewring now to FIG, 9, it should alse be understood that the invertion
may ioeimie a method of retrofifting a vebicle, In on embddiment of the
30 davention, thiyincludes. installing 902 a power’ exchange unit {PXUY coupled to
an exiviing manuaf transmission of the vehicle vin a PTO porty instaliing 904 .an
sleptric motor generator voupled 1o the PXU; {nstalling 906 a hattery electdaatly
coupled {o the motor gencrator for supplying power to propel the vohicle, and

instailing 908 a control unit coupled 1o the motor ganeratdy and the Battery and

42
™)



5 3. The retrofit apparatus of claim2, wherein the

transm ssion has an oil pan bel ow a housing of the transm ssion, the
oi | pan beiwg2dhiag to the housing of the transm ssion yi

oi | -pan-bolt-holes in the housing, and wherein the ret ro%((%ﬁu%\zﬁ?%"r?é@as
conprises: a bracket bolting the PXli to the housing of the

transm ssion, the bracket configured to fit over the oil pan and
enconpassi ng hoFey¥igesAft gultddpreiial ¢ghe vehidihbatobdr RRnmdReldhd heles.

4. The retrofit ,apparatussaf clai Jherein the predetermned
driving 10conditi ons, i?%lg; I. 0 emiq/‘leo%i‘lg% %T?%lpbé)gﬁ“ﬁlé)f} o1 L ik “"a”ﬁ& geBilf ve
train torque cof#iwiieh, wélintk 1E80nd hiodd thsmptonpthetahte propsie SR tvegink Reg
battery conditign.includes .a statg.of )char_) e of the battery above 40.
5. The retrofit apjgga{? g’? %g 6§t§$1§1 %82‘?“‘ \7&"/f3|'5§‘r"gi“f:\H £HE Brivtetef g doe
driving 15cofdi t¢ndnbuiitie Hendgbodélicinl e speed bel ow 40 MPH and a drive
train torque conditi»g oelow 159 £t | bs., and the predeterm ned
battery condition i n}b}irlfl‘jg{”g&s(“’gﬁt’s‘f’g{ogu%fm6‘?‘?&‘6‘83&813‘“{@%&3}5? tepgerdbeve 30.
6. The retrofitcippaiatiusciphs of i mv2xticnh&E RN ayteRlh 04k difhie
configured to 2Q,sw.tch.operation of the vehicle to the | CE node to
recharge the ba %%?fig r%gié“g} n “i?l%/é‘n '?’8 i IR datrkg. « Vidmous pier

vehi cl e has a hesldidigeatsonating \asigaagsdifatienZenebybere & Gherahation is
limted by g r e&m‘ﬁ%ﬁ}%ﬁ%, &%ﬂ%@? {‘)LI, *&r%ﬁi’u the scope of the present invention.

Y &taon ot o P : : R AT

Unless clearly and explicitly stated, the claims that follow sre ot
batended @ imply any particufar sequence of actions. The iielusion of iabels,
such as g, B), <) gie,, Brportions of the cluimy does not, by iself) inply any

pasticylar sequence, bul rather ismerely to facilitate reference to the poriions.
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i i i ller is
. 7. The retrofit apparatus of claim2, wherein the controll
configured to 25automatically swtch operation of the vehicle between
the ET nobde 2a#d-0041¢01 CE node responsive to the vehicl g(ﬁ!,.g@/(%ﬁe]%ﬁat a
redet erm ned vehicl e speed. _ 8. (

Pet rofit appalatys.of. claim7, wherein the controller is configured
to sel ect the predeterm ned vehicle speed of swi tching in response to
recei pt of a manual |nput qr a neasurement of a vehicle |oad. a? nAJ
[ Z. 1.7-V 1-GV 23348-‘0’5%%f5@‘%ﬂ$2@@8? BTRETE: 9. The retrofit
apparatus of clai m Zustaliieraejdivet hﬁhe@l@tntuﬁiol(bﬂﬁ} L& )E@qglugugx%ﬁjngt 1(1)1emuaf
det erm:ne vehicl.e -load [LEeSpons| ve to receipt of a pr edet erm ne _
measur ement from & Stfal H‘“g%tigéméﬁ’fa Pitedet er mi ned pattern of vehicle
traveling speed. S510usullifgunreRbiihddr ;aRRARF @S HTh.kal M 9, wherein
predeterm ned pattern of vehi cl? travel ing speed incl ude__. s a
measured tine -bet \A/eé??m@?geﬁlz‘f"@?yrﬁ ‘Hed W EHP] & Shewes sicteler theupplying
transm ssi on opeped ingejenhaveRidgdet erm ned shifting gear. o
11. The retrofit apparatus of claim2, wherein the controller is
configured to 10aut dl}?ﬁ‘@’i‘?célc‘?‘voss‘wtt“&‘f?leépﬂ"él‘hat‘i’%ﬁ gsperachand éhileley Dt ween
the | GE node andorfiiecdHd sl @perBSAAS ML R 8 dGE 1.1 J%gﬁs,%\%[n%‘de
nmeasured in a driye»trai n of tt]e_ vehi cl e, o 1 . The
retrofit apparatus: of T1'afhivsme\pREon eigie of bavehsie narels Ge coivke gdr ed
to automatical | y: havietoohmofeiratdiod Gendfioft fgpel BBILGHR 1DELWESR Jhe | CE node
and the ET node 15responsive to a state of charge stored in the
battery.

2. In a vehicle with a manual transmission having a transfer gear accessible via
15 a power take off (PTO) port, a retrofit apparaws comprising:
an electric traction motor-generator (ETMG) mechanically coupled to the
wansmission transfer gear via a power exchange unit {(PXU) through the PTO post, the
ETMG electrically connected to a banery; and
2 controller configured to operate the vehicle in i) an imemal combustion engine
20 mode (ICE mode}, wherein the ICE provides mechanical power via the transfer gear
' and the PXU to the BTMG for driving the ETMG as an electric generator to produce
and stove an electrical charge in the battery, and i) an electric traction motor mode (BT
mode), wherein the ICE is.pmwei'e.d off, and the stored electrical charge from the
battery energizes the ETMG as an eleciric mator 1o provide mechanical power via the -
25 - transfer gear and the PXU to the manual transmission for propelling the vehicle,
wherein the controller is configured 1o automaiicaily switch operation of the vehicle
between ICE and ET modes, and wherein the comroller is configured 10 automatically
switth operation of the vehide bewween ICE and BT modes responsive 10

oredetermined driving and batiery conditions.

fald
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~13. The retrofit apparatus of claim2, wherein the MJ conpri fsggi gze
or-rmre gears pnwiding a fixed gear ratio between the transm

transfer geapddmdswne EM G so t hat th;a ET[(;I{/eGroggreg;:%Fﬁa §%(8’§"pf:?é77sane
electric generator and the electric notor _ v san
aratus of claim 2, erein :
gear rai o betveen the I ARG SRUCKIHY FPanSrSSiorsorariof bk sgeaped S | n
ratio : E _
ge?;nge of 2.0: Peky ahobsir:. ol'ZlﬁjiﬁtllssnTsﬁﬁn,rtiﬁ.tr{iiq%ah tbetﬁeogg%fgi%q@ef P%b}jg%!%;@ -2,
[ [ O i that for ar
bredet ormned f (T IS006H" MBS oh i e BTG ops: atosdinaiange
g; e0-e4000 RPM tchreprsésxed gear rati.o is.dcom;,i)%r e'?‘hfaorgf(ra:)?itte the ETMG
i i node. .
ap gr ;'? Egeo? f cf)<-';1i4(r)noo1 ﬁ\l;#élrj"g“';?h?ﬁlel%i\/f‘h% hausng rafj e traatrbissign, afie a:tzcklzrgsza
288 ft-1bs and avdpeedo fiaivinig rmfpa.at.,dIcg_@,ﬂ;asg?@q),glmlggmgur]f,(pmla%%?é?df - 91
PCT/ US2008/ 07267, 1-510Ji-ho!fs 17. The _retro]tlt alopar ?t gis),SOftCI g’ls e
in the PXUhas a torque rating of at |eas . -
\!Bgregl Pati ng of at |east 4500 RPM 51S. The retrofit apparatus of

i i 1s.permanently coupled to the one or rmore
Cleglrgn ?n" mgrg;(g. t1hq Eﬂ\’{'pi‘@'?ﬁ’g“ﬁf%“?"ét‘f*o‘i‘af‘“f! Tappeariat e p@ﬂereomwdméiﬂmg al
\?\lner ei'h the contandlitrerincluge cbink isgiad Bkt & SRLI ¥ar, @R LGF Jerend, sign
to the | CE and QJ&)‘«.EEM%[IEQQ-J I%!:Ign | to the ETMG

redetermined battery condition includes a state of charge of

the battery. above 40,

5. The rewofit apparatss of claim 2, wherein the predetermined driving
15 conditions include vehicle speed below 40 MPH and a drive train torque condition
below 150 {1 Ibs., and the predetermined battery condition includes a state of charge of

the battery above 30.

6. The retofit apparatus of claim 2, wherein the controfler is condigured 1o
20 switch operation of the vehicle 1o the ICE mode to recharge the battery responsive 1o
an input indicating that the vehicle has a heading toward a geographic zone where ICIE

operation is limited by 2 regulatory astherity,
7. The rewofit apparatus of claim 2, wherein the controller is configured to
25 automatically switch operation of the vehicle between the BT mode and the ICE mode
responsive 10 the vehicle traveling at a vredetermined vehicle speedl.
8. The rerrofit apparatus of claim 7, wherein the controller is configured 1o

select the predetermined vehicle speed of switching i response 10 recetpt of a manual

30 nput or a measurement of a vehicle (oad.
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[ ' [ ical position of an
~ 10 responsive to a sensed determ nation of a physica _
acceIePator edal, the controller fiuther configured to nodify
del i veries GF3HEWQE demand signal and the ET demandpgigoflsascd
function of a received signal indicating a shilling 9e2: O

L tate of fhe, fanyal transmssion, in order to

{aci 11 tate A smoother. LraRelt PR e0 oBEh SBIGe: bt ehPFt Frgriguat e, 15
20. The retrofi tdeapyarsitivs oot L'eprxaix'mOZI:,eaL:enMﬁefr:eﬂ;;-aﬂeﬂéahﬁhe@Qﬂ.ﬁs[n@zlaér@'ﬁ%if_%
confi qured to deliiver.an,|.Ck domand. signal Lo the | C& and an
demand signal to the ETMS responi ve 10" £ s HEEYS gt rmination of a
physi cal position of an accel erator pedal, ?n?hmherelrergtglnpgdal

' e 4af . sigal  positions of the accelerat . pedal ,
Phe 20 control ler i's dontotredto" E8gona o EREmghy eT e sBSkL | on
of the accel er atiovigetad inflofs gonerdtimagedeeh btatrset voldthesdanmpd

i aoy _ 40l
i gnal's, and wi thiano rmned. ange of: physi ca

o Br 84 ; .
positions. of the accel@%gkégaﬁggai oller is configured to

i iti he. accel erator pedal for

respond to the physical position of the. _ ( t

i e _demand, si gnal s, wherein Iheﬁfyrst se
datsca the & THG to pensr kel BB Bofeiinaf a2 atane et
caused?t he E%NC?W@m@éﬁEﬁ@@E%ﬁﬂﬁhaﬁme&mkbmmqaﬁﬂmI?Enﬁ&u&aﬂmﬁhﬁnﬁh

i : ' : in the vehicle has a clutch
Coupl cd bot pen T BBt PRLE Rkl s i e Bt ol 1 o 1 5
configured to switch to the I CE node fromthe ET node according éo ?n
automat i ¢ sequence thain RELVASS.)o3RL,05T G351 NG, Lot gtional, speed o
the ICE to at |least a predeterm ned fixed rotatl ofdl™spted gy
generating a fiﬁ%ﬂmgﬁ@éﬁmﬂﬂﬁﬁ@@naﬁﬁegﬁgh&hwwmmpmnEﬂb@hmdOkdﬂﬂmﬁﬁcxL
mat ch 15 ot at i onaleysbhsive AVENRERRIFEE o 1o WERLVYS 1174, 1/ VOUL) /- aL
1) Ut-LU SJ 23348- 006WD1PCT/ USZ008/ 07 speed of the transm ss
andengagi ng the clutch responsive to detecting the

13. The retrofit apparatus of claim 2, wherein the PXU COMPiSes One or more
gears providing a fived gear ratio between the transmission transfer gear and the
ETMG, so that the ETMG operates as the electiic generator and the electric mowor over

20 essentially the same speed range.

14, The rewrofit apparatus of elaim 2, wherein 2 ear ratio between the ETMG
3

and the transmission transfer gear is in 2 range of 2.0:1 10 2.5.L

25 15. The rewofit apparatus of claim 2, wherein the fixed gear ratio Js such that
for a range of 0 10 a predetermined full speed ICE rotation, the BTMG operates in a
range of 0-4000 RPM. the fixed gear ratio is configured 1o operate the ETMG i a
range of 0-4000 RPM in the ICE maode.

30 16, The retcofit apparatus of claim 2, wherein the PXU has a torque rating of at

izast 500 fi-Ibs and a spead rasing of a1 least 5000 RPM.
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~predeterm ned | CE rotational speed. 22. The retrofit apparatus
of claim2l, wherein the controller is configured to respond to a
sensed det eZ@4Rabt4voal of a physical position of an aCC?&”IeID?%Uﬁ%)ﬁ al
and to operate in a synchro bl ending node afier the controllér “¢duses
the clinch to engage, wherein in the synchro bl endi ng node the fixed
speed | CE demand signal conponent is blended for a predeterm ned tine
w th an | CE demand sVgiiiad etnponentcr ganel akrd RbxNes SONL! ghl:ef.
responsive to th&\.,p{;y@,.{‘calhg@%tl_Qn of the accelerator ped 110

23. The retrofit apparatus’ HeCrys ol ® 3o HARBYN the control ler is
configured to operate in an | CE cantrol node after the synchro

bl endi gg node, whergin in the | CE control node the controller
generates the | CE derand” sT'fHafPPPaspindiye: tbereimhepkidé caperposidyi on
of the accel erateoplpedal cnposit-i gasand. gener ates an ET demand si gnal
to control 15 charging of the battery by the ETMC, wherein the ET
demand signal in the ICE control node depends on a state of charge of
the battery and thephysi eadi pasidi ondof 2t DR-ACEELSLAEAL C(Q!ﬁﬂql?"lﬂ; i

posi tion, excepy,thal lhf: ,4.t,nb.,e,'b%t,_ er%’ is below a predeterm ned st at e
of charge the ET denmand st gnalsih ™ fig ‘tiomdegritl dmardpdmel de farifaidat

| east & fi xed arrenentve of @ echad divaginbyin bheplrlMeokindepsndantly .af the
accel erat or ped@,_{mrggrstﬁ“tﬂiepgmﬁ‘%% 24 o i ;[he retrofit apparat u§ of "claim
1.9, wherein the apparatus THef Gal&ifycdhgrieiof e ihderpigizodboidoks Bh a
shift lever of fendremeiab afimainsni 5aiped G ibdlkdi alhifdGy éeﬁlﬁmﬁsﬂ{ofﬁfasj ng
gear transitioning,ShINalu AR&Rwion NE ,FEt rgf;,t’ appar atus of claim1
wherein the controller I's contigared®fy 1 dElend speolre rasitiombepotete
shi fting gear tfhfigistifionisag signal initiated by the manual signaling
devi ces by attenuating a response of the controller to the physical
position of the accel erator pedal for generating the |ICE or ET demand
signal . 4-2 20. The rewrofit apparatus of claim 2, wherein the controller is configured 10 .

91

deliver an ICE demand signal o the ICE and an ET demand signal ¢ the ETMG
Fesponsive 0 a sensed deiermination of a physical position of an accelerator pedal, and
wherein within a predetermined range of physical positions of the accelerator pedal, the
controller is confimured 1o respond 1o the physical positorn of the accelerator pedal for
generating a fiest set of the dermand signals, and within another predetermined range of

B = N
physical positions of th?. accelerator pedal, the controller is confignred 1o respond to the
physical position of the accelersiar pedal for generating a second set of the demand
signais, wherein the first set causes the ETMQ

to generate electrical power and the

25 second set causes the FTMG 10 generate mechanical torque.

) s vrapps apative of ol : :
2. The retrofit apparatus of claim 2, wherein the vehicle has 4 clateh coupled

oerween e [CE and the wansmission, and the controller i configured to switch o the

ICE mode Trors the BT maeadie aremed o 3 g H
mode from the BT maode according 10 an automatic sequence thar includes )
a0 S . - .
2 increasing rottional speed ¢ S TEE re a1 Londet o e e : : H
reasing rowlicnel speed of the ICE 1 at leagt a predetermined fixed rotational speed

by generating a {ixed speed JCE demand sian: i i
v generating a tived speed ICE demand signal component in order 10 maich rotational
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speed of the transmission and i) engaging the cluich respensive 10 detecting the

predetermined ICE rotational speed.

22. The retvofit apparatus of claim 21 . wherein the contraller s conficured 1o
) <)

<t

respond 10 2 sensed determination of a physical position of an accclerator pedal and 1o
operate i a synchro blending mode afier the conwoller cavses the ciueh 1o engasre,
wherein in the sj’nthro blending mode the fixed speed ICE demand signal compoenent
_is blended Jor a predetermined time with an ICE demand signal component generated
by the controller responsive 1o the physicel position of the accelerator pedal.
10
23. The retofit apparatus of claim 22, wherein the controller is configured 1o
operate in an ICE control mode after the synchra blending  mode, wherein in the ICE
control mode the controller generates the ICE demand signal responsive 1o the physical
position of the accelerator pedal position and generates an ET demend signal to controd
15 charging of the battery by the BTMG, wherein the BT demand signal in the ICE
control maode depends on a stare of charge of the battery and the physical position of
the accelerator pedal position, except that if the bavery is below a predetermined state of
charge the ET demand signal in the ICE control mode demands at least o fised amount

of charging by the ETMG independently of the accelerator pedal position.

24. - The rerofit apparatus of clim 19, wherein the ap gratas inciudes @ manual
i Pl |
signaling device on a shift lever of the meamual transmission for initiating the shifiing

gear transitioning signal,
25 25. The retofit apparatus of claim 19, wherein the conwoller is configured 10
respond to detecting the shifling gear teansitioning signal initiated by the manual

signating device by attenuating a response of the controller 10 the physical position of

the acceferator pedal for generating the TCE or BT demand signal.
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