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TECHNICAL FIELD
This apphivation relates fo an electric propulsion  system, Le, fraction

ES 0 systesy, onavehicle, including the retrofit installation of sach a system,

BRIEF DESCRIPTION OF DRAWINGS
FIGE. 1A and 1B are graphs of driving test resulis of a vehicle having an
embodinent of an electriy fraction system mstalled thereon;
20 FHG. 2 is a Block diagram of system componeats of a vehicle
FHE 3 i a block diagram of systemn components of disclosed
enthodiments of the present mvention;
FIG. 4 is a block dingram of system components of disclosed
embodiments;
235 FIGR. 8A ~ 3D are diagrams of a bracket of disclosed embodiments;
FIG. 8 s a block diagram of system components of disclosed
enrhodimients;
FIG. 7 15 a flow diagram of method steps used i disclosed embodiments;
FIGL & s a state diagram of stated used in disclosed embodiments; and
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FIG 4 is a block diagram of system conponents of
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sukeg»;mnﬁml izﬂgﬁ&ksgz@m@fm Stl08l i@hbViiRg, where the
upper limt of the electric driven speeds depends on
t he | oaded MEIght of the 1-1DV. in an enbodi nent of
t heylaventi.on,.c L1 bed herein, the speeds for
eleéfrlcq%nﬁ up?%guIS|on i ncl ude up to about 30 MPH
23f or cab: \onmi‘aém‘emu pf the mbrsnt miSiwr 2O NWRHgs e axef Y-y
| 0%(;!%@ I?Izsglgeild (‘SQ,%?Q 0?1? q‘\, ﬁ@e‘agttir bvm%reli’;(ﬂ}n%m mgri‘gﬂg an
ba&ierma)wih@ amﬂanpgernahnamepe@&f&gmnbdksmﬁﬁ;@haﬁa:
the batte has§$ quate stoga?e capa g nd can, {CE,
Wi t‘ﬁ%?‘%‘%hd ¢ EIRAPPEC PRTERAY “'“f“r%ét\ *"*“ TR
gener aking vmademhem RIdG sa0r peckiar ge »twiaemkqaazbﬁ\ear doer 3
suff|0|ently du driving sessions to gusta

Oor dRARY SBFHY FHED e R e BRARINCR B & " ik, here the

upper Hmit of the slectric drven spoeds depends on the foaded weight of the

HDV. 1o an embodiment of the mvention desenbed herem, the speads for
slectric-ondy propulsion inchude up to about 30 MPH for cab only and up ©

ahout 13 or 20 MPH for a fully loaded vehicle, {Speed and electiie drving



Al'l of the above conbined with the nunber of deep

recharge cycles that the battery can .w thstand
W@owpaetAle to provide a systemthat is al so capablUs2008/072672

retrofitting an existing fleet of class 8. or smaller

HM's in an economically cost efieetive manner. That

IS, in sone reasonabl e econom c scenari 0s th%

r et FBEY 1Y PO ‘§§}“§‘t“’éinj?‘aéigu%\il ?Wfb%yée‘*i‘r‘cfr TPREEPE DRI n TR

r eagoRakh S Rerin0ds 0238 Sl 8L Y@y HedNERH:S WeliaC 08tSicy

not .even taking into account em ssions reduction

i sstrdgm whirdsie gl SERS 1a8s PR s seewmoritode the

val Bean can ree h@{f@e&' ¢ gﬁghagdi@ur}gm{&fmx{uh CrRlE 36 ons 1o muniain

i nvention has reveale It “may be desirable for

¥ hexdETVErofchde Emwsoiecmm Gublave a relatively flat

torque Ca; Y8 ¢ &H}zﬁz&?\&um& u}t %L{%ﬁi (‘@E\@?L J rQb 3 ih

early and I's relative cons T rougHhout Biv

r ange baFhy sart wnmmad &hagr\a{tct ey prstide a sgpan ataes 'tifﬁaﬁmﬁidﬂ of

f gn%g\e’ﬁ%mﬁ%ﬂm g\“ﬁ 15 %t’shi C‘f d’fsk??igih&?l";legr f?ﬂf)i 3 23 i \tnnu%mw ~\ L\}ai
caugestih@atreanTRLSS | 0 Roho ropakbl ecatonid y{ma&@dx B8h &fufv
speeds so thlat t he_oper at o; does noli have Lo change
HEUSTONRr U NN S8 SRFtgBAP OB CHEMGE PERIT Pty SOty on
pat Le5R8 4 débik| A bRkl S¥S @Mt THASHABYred RABS §Lsddsn
what m ght ot herwi se be a ‘greater range of choices
r egAPiEF RGY $16T REATIERFIOPIY SHIOME Y8E: for the PXU. In
ot her WardsuifigioR Kl ud PUERUL OBEE $ad he i K(@ﬁénhssmlz 08
i nput in a bal anced wa way that mmcs the driving fe I
of - ddviesticCiEr WAMNIE df ipUEs SEErgRdiaros rREHEARS Frawi wike.
and 31 s,g hmgQigg t<§§a1 \Ms B&I Akt %ﬁlﬂsmdsis k&{‘}i\aﬁ‘ ;oﬁ(ﬂ@ﬁ@&%&mm the
PX. 1] d torque I'im tat may
i nﬁ}‘udfe gyan u?ﬁiaﬁmri’ecﬁmslpiemiﬁl veghrmffzmmcamm @nss motor sysiems
| oo REn ot R RRh o B bSpule S B i i Bpkaa
an dvm\g h}i\‘&r qiuammnhssml o eﬁt’ﬁ@ldl ammz&ﬂ Q:fl&;.t hﬁaﬂ:ﬂ\ie ﬁiidi Ctm
is inp ﬁrtant to eflecher]t y _hove fromth
thr‘dﬁ{jﬁ"‘t & CFAAST SsFERERAT TS ‘t"‘ﬁ&“‘ﬁﬁf’ﬁ er ed™ ?i“*i‘”c‘:E

300G ind Quangk themikramiihevhat t emiesahacksuail Ghat might
transmi ssion in ET node, As such, an interface to the
t r aNSTHIVEEPB R FEUPFEE AthofRaceHE DL APBTIEBT 48 rauos for the

shopxchangeabl @ ogRAkn @xuolsaa@lzqng,wzkhm @ﬂs&u@kepﬁ@ eqd;
and torque handling capability. Even with

r el atdvel yaf hatmispeda: rmwéu@uﬁ\?éf B r‘%‘eéérﬁﬁ“"fiéﬁ'i ug fpghbe
pf@&%&: N &E‘;ﬂ &@5 Q@éu}ﬁ@ Wﬁnﬁ [k aﬁ@iiﬂ%ﬁm%‘?\h LA and

f1 eet u’s anismmay be still needed
o @e.asr: A meummw @?Uﬁeiﬂuﬁﬁw\m@wim@éﬁm‘iw qdriinghgions.

di recti g w ‘i}ofwa@%{aﬂ Filic ETR@% m‘ﬁ@é x@i gagl reQQ ke

ETMG speé per at | ng in ction
foro\gkn@hmq&ﬁgﬁf(*ﬂ;gﬂmt@ node) , accor d| ng to an

In cmbodiments of the invention, I is fmportamt o efhoiently move

power from the ICE through the transmission and toto the battertes in ICK made,

3 angd then from the baHeries back o transpussion 1 ET mode.  As auweh, an

fterface to the transoussion is provided that has appropriate, shop-changeable
pear ratioy along with adequate speed and lorque handling capability.

Bven with a relatively flat speediiorque curve, vesearch for the presest

invention has shown that for the existing Heet of U.S. HDV's, & wmechanism may



enbodi nent of the invention, Experimentation in the
present invention has shown that off-the-shelf PTO s
w@eamwoheroieot i nd for gearing the ETMCL torque upPE€DDS2008/072672
notoring and gearing the speed up for generating, but
of f-t he-shel f PTO s have no been found to provide a
suff|C|entI larg ear ratioto accorrpllshthe
dedr pgign ‘*%E‘g?ﬂ) ;é.ﬁﬂahf_, grf &ﬁé PG ‘ﬂ%““@tﬁﬁ*ﬁ‘é?ld 11 one divection Yor
of fm&atlgﬁha £ AT & hayie NetnLEeRTRRY L Op RIHOY bR R
sui t abl € conbi nation of maxi mum t or que and maxi mum 10
spé&edhr aten gmeee Hoofgnetaeshel fiv ATE gwdhatcordng & o
for, Iﬂ gh QL: ﬁphq 1{n-atu§n aﬁﬁhﬂf?mﬂr%ﬁé anﬁ tz&aﬂ@ﬂgl\,z%u ‘ihﬁl&:
neéded resent i1 nvention, while
5t heisae% it tinazt eia{se* w‘kdﬁ Pab*rseeahdr ftthmi e guaring din@EXKMGumgue up
tor,

pr 03 zaoiv xE%u ;E a%}& ggtsﬁsd\{j “ﬁgM %’iﬁmia&%‘ ra%g dotir“ tht«w ‘iti‘: }i?

Experd aehtat h:omi ognshidnadyBdisadyQiret her prigsenteomplish ﬂn

i nvention i.ndi cat es that ti.o betwe

t hEERVOFeS R e THRE s‘lﬁ%\‘f*ff of“? ‘hé“"?f %Lf f‘éw*ge*a*r “éh
t NendnBPYtpe®fiad BewtAaN SALSIRAOR, ofl mBimubN@r@eahd m?}mm
accessible via the PTO port, is workable 1 f in

ge
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range and has a maxi mum torqu | east
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ml e%ﬁ ¥ 3\2@%8‘; E‘.\}b'\}]l ft%(r : ‘«@1 amﬂ&m «M{n ﬁsipn & V“T’k‘“{ P 0?1 Cihf‘bl upat of
notiedsf:ijmtman,l ian e @mumnemnkafn:t mnisrﬁ) $S1 ois,\ drRatih e in
us fleet of.class 8 HM s may require a torgue.of
73BUEF bé LAna- Ha3gméesg%bny w%ltt et t?{%yi}h{)ﬂ &e%’x-r{]%h
P. Xl dxehassraxRO%thik @is emup kbdEhst0m s h@mﬁar anamlsxel aﬂm Eu&wi
access port and port i‘r coupl.ing, L9
anot‘%e*rwéﬁ*b%a F’i%é?ﬂu“bﬁ?"fh DRt g3 fﬁﬁﬂﬁiu % ‘c*éﬁh‘& féﬁ*«
200f £ RCEI M Bl 81BN TV BlL:Ql AUR AT IndnS e 0kiNG: b e
maxi mum speed In one port and delivering the maxi mum
spaBgEes dior HRYUBs of Mok T aF Holtyh e B atibe pad &
ot hz?"\ R "Etmea@ﬁmmli at R ss\ékﬁﬁhi"ﬁriék?mv%% u@ x%xﬁﬁrn i3 Jn.
a bel t system was bui it just an o esli el
to ntﬂqe dmee@ﬁedkg eanbyr at lﬂéﬂsah@l@[! hé Byst ‘erﬁm%\@ qﬁesﬁeaw
Sueh a 1 X [,pQse of
de‘%“ »?‘Qu?? L\Q%ﬁﬁﬁﬁgar‘%ﬂ §~a‘£\’?\f al«%{ I%{MET%%] o
25tr ansm $3su DRidnd ..z\moéo} vepsay tobiit mw&mfsndme:a:vw @mﬂ and &

Sﬁ%{:gtigfz\r ?%jzru}m‘m i%ne?gghe ?E%% ii’&bg%ﬁg ﬁ‘é& 3\/\%? hy u}twﬁ the
ef fixel rrEybles:{ veadiv tzmpkd mdx;tnhﬁnuggbe bita @ve:wi eﬁer:g;yx PR
transfer in the s é? lgl overal | perfornmance
and‘%hu g e port and S EEr § hd“ \%‘ L e "“4“ agtar ¢ Bf
a. oBXh304:preushowied Rragcandanae vwisi.h an errbodl ment
..,0f the present invention as it .relates to -

Wand tr afAf SEICERT0RDATER 16 HdheeeE ot t‘vﬁemf bei“
'\/E%h%@'wg@ig& enLLAY dnli RNSHAELSFhs fifsRE SREOMON &G ROWB s
exchange uni't -304 (ral) fromthe . 11DV transni ssi on
2044 st Srvisviaed of doldveans meshinicsheryy For e bEdgeti e
th%% \}QF‘IM &&X%Qa&&k{%(ﬁﬂ-gﬂ E&al: + %d ?er Lt EU\%S J}‘ &Qef}dr
ater driving cycl rom tery
paekz;: ﬁsi@im ige F&éwmedmsrfomsanu étmemml CHie ipe't?feréthuaﬁ‘::@ 18
state to a mechanical kinetic. state 10 through the
notor 306 shaft, which is cgnnected to PXU 304, In the
present: enbodinment” a relatively small notor of [|ight
wei ght, tow volunme, and i ON Cost is selected which is
capabl e of generating between 177 ft-1bs of torque
over range of 0-4500 RPM and with a relatively
consi stent 'output of torque over the RPMrange.



Stored el ectrical power now transferred as nechani cal
rotational energy passes 'through | PXU 304, which in
W@ biog/1embodi ment i s designed to allow the intePChEBYPE8/072672

of gears such that a max torque of 177 ft-Ibs is
converted to a . maxi mum of horn 325 of torque while
niinim ng. t he maxi num i PM of 450Q RPMto

maxt ‘f‘n}iﬁ*ﬁf ﬁ‘ﬁ‘“‘g%ﬁﬁ RPRY PR &0 Hﬁ“?ﬁ“a{n‘r?e B PROEY AHEHESSYEH

2. Qﬁi[raﬂ;ug;;a&cg&gr»@ﬁm@@eC| f| cations. The interchangeabl e

gear 'feature. S-02-A allows transition to higher

t or ques FStiEH ¥ »%@é%r* 785ils1959 HEL o4 et Gae il efrosiangs-

a sl ;kig Rt cwakdidbialy- th@E&ﬁEM;i\h cHEG 450K QMBOH PULIG 306 and
specifications whi St mai nt ai ni ng the maxi num

SoutiputigfioniE iﬂeimbm umfttaﬂuf@ﬁwith néiephanrghaney 13odeie
”Qﬂﬁ%gﬁ&%g Eé’ Lg Ll LieR %W‘P%‘\B!)Q‘ mzéaa%% LREOUAR.,

'nterface gea‘?s and into .transm ssi on.
2048 purorgesrd acbotrdit ngtcxw forhdoraget ip uhe_‘ M friifat poRg i in

de&%{:?l be‘\gl ‘%bgl'\i/?iﬁ SN [qugihi dl’g‘\l?ﬁe (/C‘fhilg‘h C{. \z!'"\- i‘f’f ™w ﬂ}ng,f\i{h,ﬁ Ipaa%
speed ran erforrmnc arac eTIS I CS SI

to ithat uﬁzﬁmﬁbﬂvmntm daalcstpesels] engine z@ﬁamm (M’ilmu state

o R e i 2B ot DR R & B Rt s TR Bl S ™ et

I oagh@inthe « PXLH304:d:Neraby, [ARUSKAgh, RRCGHAMS aks BRELGY
"either fromthe I'CE or from the m)rrentum of the
movi AYETRIS BYCk 6 BEROAY8YEUIRE 87 Ete ! HDV trdriewmire 8T8

ZQ%:I Qi ReseORYRY 8t DACK reidNEQUARiLHE X104 ;a0 b dr 10
t e ET.Ms 306 shaft In this enbodi ment, power fromthe

tr i Fston at up to 325 fi-lbs and. with 'a 2000 RPM

{5 haxi ”U‘%‘Hr CQQV?E&@, nvkon QML W:‘iﬂ@mﬂﬁ’?bt@ ! 8&%6
of 177 ftaibs and 500 "RPM maxi mum Suc

t origeres Ea wﬁrg“airﬁdmmpmpiamgéns snbuiipablie utsmv@@mw W the
gen§£ ?a%lmn of n»Lg Deﬂuﬁ{ fafl "!1 i%gll m?rit"r é S ausu?;g“gq By 4
I's cap arging the ET
bat:ﬁmﬁmas off nma 3@& mm@h;m‘ w EL:.'B; minpui:eg ﬁiﬁf.{)ﬁskﬂ@&!ﬂ input REM of
45060 RPM o a mavimwm of 2000 RPM in comphance with iransmission
20 mandsoturer specifications. The ioterchangesble gear feature 8-02-4 allows
sravmition o Mgher torgues such as 350 or 735 f-1bs of torque with only a shight
variation of ETMG max torque oviput specifications while stifl mantaning the
maximm output of 2000 RPM.
Rotational energy from PXU 304 iz transferrad to the HDV fansmission
25 204 through FXU 304 dnjerface gears and into the tansnussion 204 spur gear
according 1o e oulput Dmitations described above to propel the vehicle i g
defined speed range with performance characteristics similar fo that of
convventionat diesel enging operation.
Durmng both the ET mode and the ICE mode doring selecied conditions,
3¢ the ETMG 306 applies a REGEN kad to the PXU 304 thereby causing
mechmucal energy either o the ICE or from the momentum of the moving
HDY 1o be vonveved from the HDV transmission 204 o be conveved back
through the PXUT 304 and into the ETMG 306 shaft. In this embodiment, power

fom the tansmidsion at up 1o 323 fi-lbs and with & 2000 RPM maximum is

9



Mc, , unting bracket A PTO may be sinply bolted
directly to a transm ssion PTO port. -However, since

W@ b@IRKDIE. in the present system encounters AP/ US2008/072672

rated for higher torque than a conventional .PTO a.
conventional nounting arrangenent May not 10be

sui tabl e, The PXU al so.generates torgue going into the
t r AHBYITES oI oh Y8 TP BB it “land Tolbe apbur © 330000
tr anshasi ORn NoRE QLD 6d RS radE CORLHRNIORY pber@Rneration
embodi nent of the present invention, the pur pose-bui | t
PXU: Hagrismiegiatisgnbrgcherson et ngive cidestiheapable of fully
transm.sslan QQEQ‘%xqga@éxﬁﬁn?g@ n!n(ht | PRys, DA-5D i n

addi tronal [ocations stributes forces over a

~greater area of the 15 .nansm ssion housing, .A

set}y Sﬁ e train andtl-bolt coupling allow for
"bration correcti on, as well as alignnent
cor r ect PROATO may be I\lwptts éffﬁmf |akttguhman2ﬂsﬁ>mﬁst5A P& side

R e G AU T T R R b TR S A
t r afngH S8t OBenEhGoaSI (.S doatendiofy picealng &Ensz&&nt Day not

‘tr nsm ssi o ‘ g%t arrangenent, 20 where a cl utch 206 js

noliral iyt o UpRpneBH 1 CE TS IR f1 R esPeH208,

an Giza:z‘f\é?rﬁ( End&d d Edvigy Shab trad30sdomah ealidnbsth@v e ascfinmmt fe
rear of tranxm ssion 204 to a tear di fferentlal 240.

| N SERPSORIBUTNBR ProsEd Fpiatiope ieHu sl i gorl Pinintpprated
trapsmssiPn.204 s trp%%té% tﬂht,ﬁ@ he d;tnt;@n w @tt‘?@ anf&U&;y
transm ssi on access pOI‘ . Because of

t orddoEp pat\ fagiatd: oni?@tés@tftt%é@ hepwi avert hesfﬁﬂ‘“és @ittts v% t‘w

(al'so ret erre

i3 ntf% %n@n amy z%%q%idta, k«Eﬁn 4§1d 2 %b@@ﬁ&ihgéi}r@% §szﬁu

ea&h*i sihdeoofs ttt h&orbﬂ*at&éa m@awmﬂtisatt@htﬂhe t r ansm ssi on
access port 302 attached PXI1. t L

| engt hehéa i'h%ﬁ"ﬁ ? 9.&%26' 4, 8 nghxnéo g aCu m\}écgzhi ay
of rsiaivg 1 bttﬂc&q@itmiﬁtﬁlﬂat bkt B‘xt?@:mtt he;eitmams;m :sstwc(mF’ﬁM W t h

sli htI 10 ng t.hened oi.l [ VOl r
Suchiaadt BRSBTS P I 8 TR IR - SRRy

208 R@etd ONmeE 201 nS RS fochifd bdiRedNaRSE 851 ©RsAOGon 208,

housing 520 that would normally be -allied by he

t r SRS PSS RSAVOIPI IR Ry tm‘vslrd* oy fhy geay thﬁtg“ét Fde

on tp}g tg@q&m ssion oil. .resen-on 510 and preventing
'SI'M

frac:titre due to netal fatigue.
I thiv smbodiment, bolted ® the lower portion of trensmission 204 1

FXU 3 attached to the heavy daty transmission access port 302, Becesuse of

28 e high torque application deseribed heren, the present embodiment melndes a

“broken-U" shaped brace 302 {also reforred 1o as a “heacket™) In this

&

embodiment, each side of the brace 502 bolts to the tansmission access port 302
amd sitached FXU 304 with slightly lengthened mounting bolts 504, Stmilardy

the top end of said bracket S02 belts to (he transmission 208 with shightly

3G lengthened sl reservinr bolts 308,

Such an armsngement allows the PXU brace 302 to carmry a portion of the
stress to the transmission 204 bousing 520 that would normally be carried by the
ransmisnen o teserverr S, thus lowerng siress on the transmussion ol

0y

reservolr 510 and preventing diress fractore doe to metal fatigue.

10



FIG 513 shows a view fromthe rear of the PXU brace
502 as it would be oriented in :typical installation,

WO-R@B9/181816 shows. 4 side view of the bracket S502CTDOBE2008/072672

"FIG 5D shows a cut away rear view of the PXU brace
502 as it relates to transm ssion 204, -transnission
oil reservaoir 510, and PXU 304. Contra

Ret ur ni M ABW'EE Priey tym Ppeaepight FiE f“f %ae%? 8t Feridted
systiemof embadiaBnts, ofid ke PLRS §RaeI MMEDRE 10 Mracket 502
(including, for exanple, a retrofit system 10 that is
adged- to an existing vehicle 202, in an aspect of an
embodi mept <ef ‘l')\ o RN G 8N Lead NUERE ﬂh@@”&ﬁ 15}54 U@l@%@m lates i
progrannable vehicle Integration no
Sco@p&&d%b@»&4nvm@nhﬂ@mmiw&keni3@6M@68ﬂlé@%|ver
referred to herein as the "controller” 312 or the "ET
controller” or the "ET systemcontmier"” and is

di skhngitkshed froman CEM I CE and auxiliary system

controller hguah cont\ ler. 31 S Ll \
CEM | CE™CA kmbﬁgwsys%gﬁ1 t&“Té%?F%vgd?ﬁ?oTﬁﬁﬁlSﬁ“ébédt

St ahwsdigknik be v ehded @avention (mx.Tf«ﬁQw[rﬁir&ﬁmﬁ;QﬂtJ :Gl“b*ﬁrwaizﬁ
ortlon of the ET controllgg 312 has indepen

OF et LSBT BRPOIFEFE 2P EFRET AR Beuho ﬁ?ﬁ“ afy

SY $h88: MBLBfion, Suhdes B rp'rd@anﬁmm vERIMGBQGatioa] thodule (VIMG
conpressor_ notor for power brake, 20 h /draul i c punp

moEéF PR FROSY SEPITHIT 3ah deoleeiVelnress oF IRBHoRS the

The, i AuBLL an s & eGeiyve nowat~f ram the x&&&ﬁ%ﬁ‘m@n and is
battery 310 at 300400 VDC and out put pulse w d h

nodistingeded Srophas EMICEVAG dwilishe sebtany @ﬁn‘rfﬁ)itum sTheEHER
“I nv\e‘?{?}\%(\, 38 1??&1‘%@"{‘% {‘éiﬁgﬁt I: Q“UQ fgga\[l%:n ; *&Hg%qmoﬁ ané,ﬁ}_ 9

addit ion,  the control as a 12V"boar d conponen
(ak&msweﬁebf&d\@mﬁherein as "power supply") that is 25
used to.sup

vehi cl e 202 “‘%ddﬁnzggé’gtﬁ %%nézg%Pgﬁg qﬁ%@}eglfqma

baLLﬁ@ﬁﬁ&ﬁZiﬁﬁQQaﬁgEdﬂm$hﬁhﬁﬂiegﬁﬁ}mﬁﬂﬂdﬁDthﬁﬂpG@ﬁ&ﬁn

$14 of control | elr_‘_“S:J;Et?F ,}cﬁangg ols all of the electric ..

t r LT onSr EFEFEESY S BiH Y% 8t FEEESSY pBF'at Mg EEC R
20f UNGEOR QRkY nd%:Tee ded.randriag, ’tnkie x@utmrm@reﬁkedsr atfm:

any given tine. 30'rho system has aut §} ng

capaBbIET FFevEGeH PG *%*b?mﬁe*ﬁn O ol %‘*‘ é’? *‘é‘l Lc‘aH% gex

vehlglendQ2:. 40, swhlighy fr omd, G Rode of Sic BEvADABws. Each
according to redetern1ned l ogic, which is respon5|ve

{ 0 SIpELie cagblei @ cORTUCRORRPEE TP aadtion b serehEcT IRARN
bU§ Y J@nainwgmgggﬁ '{?@Raiguf :atftl?z%éli@\ﬁ%ﬁtnl &n’*po& mk}ﬁﬁtﬂ Sat is

i nclude battery state of charge oc'y, engi spee
I3aceeldar atmily Pedatventional 12V power system for velucle 202, and o ‘wt}"r

the conventional 12V batteries 216 charged.  The integration meodule portion
314 of controlier 312 controls all of the slectric traction related system Rmetions,
pperating cach function only as needed and at the output needed at any given
tme,

34 The system has sutomatic switching capability, acomrding o which
eontreller 312 causey wehicle 202 1o swich from ICE mode v ET mode
according 1o prodetermined logic, which 13 responsive to wputs, some of which
may be read fom the ICAKN bus.  In an embodiment of the mvention, the

fopais fnclhude battery state of charge ("SQC™), engine speed, acceletator pedal

H



posi tion, | oaded wei ght of vehicle, geographica
position data, gei.ar shift button. state, node sel ect

wWheaworroos switch states, steering .position SEEEUS2008/072672

"’.

.i.v

o]

(2]
s

ignition key states, clutch actuator limt swtch
.states, air conditioning inputs, including
conpr.essor demand signal, and brake air pressure.
thi’ﬁ‘u‘t*“}? FRERLNE SRR Rl ob g HEP MY gestion 11% sg¥ceiehEpsr
POSiatd ARse Ghit 6RACHURLA! 4RBARIEH AN Hoh 86ThO RinitkBYkey
di sabl e relay, start enable relay, power steerlng
coniﬁi‘»@»l shiiph GUBONE Aol SEHol hiﬁtg»c@ht»wéﬁﬁmal&ammﬁéoﬁ*f«hzém;.
&ngm S LBAE(0AUAE BRIMALSair Rarl T GulRI hBELCALRK
£imng), br ake pressuge conpr essor
comatmm rxq:mi er fitache gy atsion, chm h aThetoe erthio kidedisgrhyn,
ﬁggr@n@ w%”dx r?g%ﬂ&%% E{E%e glfw% &?%%8@1 l{?{* El%u%h @qm g
can‘ﬁﬁmlianmanuahlymﬁnﬁemgaganxhkw€m£ﬁiaﬁﬁmahnmhm&kanks
in one direction, it continues until the target [imt
ST CH T E Y ”v%‘rfé‘é PEPRHUT ST “BH node from
softmare input limt 15switches at both ends of
travel QZ digital ..sensors).. Qutputs: 1.2V relay to
Weontel HP%@%tlon 12V relay for ON/ OFF. Accel erat or
1-5(1. abyOReEAL- Ay IbSconnakinaccal erptRichpedakinf kam
CEM | CE ECU REV 20 ECU measures pedal sensor
posi tFom dEd ek anSan §e spphoprpgred dhy gt otip sHbRepaly
andhhéqﬁt O IDLOL6R QLAO h&%[dﬂhﬂ%ﬂt§a&gmﬁgﬂﬁﬁ b @frgrat
Accelerator pedal sensor PWM signal. Qutputs from
C ORI ki igat: ¥s P @w@némn¢®ih@EﬁE@M@LGﬁmPﬁ@%@égeﬂwwiWm“

‘ ” a&t ' 8%"%}9&« f‘k‘iw (2 t?irﬁa g%ﬁ%} ?ﬂz@?&e'@a&h U mcaﬁ@c}é

I'n araf tton
acmuarenSEKR$abmdeﬁéﬁﬁéntIy of operator connand Vi a
START button. Allows turn on of ICE without pressing
button. Inputs to controller: .11 708 engi ne speed.
QutpusisaoRelkay to actuate start signal. Ignition Key

Queration: Dhsconnect accelerator pedal from OEM ICE BCU, HEV
BCU measures podal sensor position snd transmits appropriate sigaal to ICE
BOU and traction mwtor contreller.  Inputs to controller: Accelerator pedal
sensor PWM signal. Outputs Trom contreller PWM signal to ICE BCU, CAN

Asage I Rae tion prdor contiol

Start Butlon
Operation: Relay placed 1o pavallel with the START button. Relay can actuate
STARY independently of operator command via START button. Allows tam on

of WE withouwt pressing button. uputs to controller: 1708 engine speed.

Ttputsy Relay to actuate stant signall

ignition Koy
Operation: Refay (NC) placed o series with jgmition key, Relay can tum off
vehicle mdependently of ignition key, Key tuput to HEV controller 13 sensed

ahead of relay.  Allows tun off of ICE while key ix onn Ipnitinn key OFF

12



Qperation: Relay (NC) placed in series with ignition
key. Relay can turn off vehicle independently of

W0 grootiom key. Key input to REV controller is BEnEsmW08/072672
ahead of rday. Allows turn off of ICE while key is on.
Ignition key OFF disables both EI' and | CE nodes.

Rel ay OPEN di sabl es/shuts
o BT Bt FERBr | CE e ReOH Qe It K dgooss t
Si ghakotelear shhdde Lk £r8Matputy: Elt@«?@ii@{i' on: press

button when shifting gears. Limts torque on electric
.motor. Allows user to control speed to shift gears
WhQQﬁigtEEnque Di sabl es regen, allowing ICE to Shift
gears as nornal . Inputs to controller: button on shift
S ever, Optrpus prass buiNnmekeagding &'W*aci ok fppeen electic
Cam%&g}g%&g%{%ﬂqs{}ﬁeﬂﬁ %lm@&“t{pﬂnft ttzo rS W etffta}%%ntuﬁ};{vhr rﬁi ,‘ifLS\
soumdedﬂbeﬁnwélﬁUBmﬁm@ms6$§mmkbﬁmCFﬁsuhmpEWShnovonsmﬁ
;Iogﬁ :n0|t ]E]tgttramsg) ‘g énsﬁéal?:lr g > d,ii‘iti,,{hf!} mui%f ?f%g %b& Ek‘wi\i gxnmhvug tot
be WWHdERst ood that the control circuits and
controllers descri bed herein may he one or nore
progrannable devices 'having a. nmenory and a.

pr gres soficdiiened Rotihe shegi cal processes described are
detei mi ned by programinstructions stored in th

menory, SPUEhon RETE guaseb selaiedunmg) B reRY ¢a By tfﬁéﬂ* o

Pr QGRSSQL: t@@@t NGodd %mt;@t M Gt QN S5 0 T NRERY xudandm&
executin t hem In switching fromthe | CE node
toxtﬁ@b8>vﬁo€é3 the controller sends a signal causing
1520 3t URL@Fk 8, GRGAABALRE ol ool e ANaL deLHeh
bet ween t and. transm ssion) over a tine
i ntaewatmofhartaew :gei@omdg anPhble tdemees tveney almadrpwed a
b t e“*t ns,rrj,s o U h 8 L ¥ r'-S" 1Y
to P%VO \g REEC xsr Eau, o u, é) O zr:ﬁps & aanr\tmrcal Qq% ﬂpﬁ bxeggg%gtgs
or nchesene rwg,h{:s, mstha nrcetoasy ;Lh dbe glutssesafd ntflenh@E bihe

autonatic ement and sengage he cl utch

T g T e i SRR RO Bte T &

2 CE or EChvianthgBbnt s;taccoﬁmtens t}ectt @a6e thedaFonmdeds a
the clutch is not used, in node, the clutch is

us SN SRS R8 e AT ENal® ﬁt%egﬁ. fh iruclpy Ni‘tt@“t“h“ Efitip fe-

etwesn the [CE and transmission) over a time dongerval of a few seconds. The
s inlevval allows maiching the transmission speed with the motor speed o

avold clashing gears.  The eontroller then energizes or de-enerpizes a refay that

35 shuts offthe ICE, The automatic engagement and disengagement of the clalch s
anly necessary when the changeover between ET and ICE ov ICE and ET
accoraplished. Onece i BT mode, the chuteh i3 not used.  In ICE mode, the
chatoh v used @ g conventional fashion

3 Driving n BT mode

The driver may control the BETMG wia the accelerator pedal, smee 2
position sensor has been added as part of the previously mentioned retrofit,
wherein the postiion sensor 18 configured for sending a signal o the conuniler.

The signal 1% in some way propmtional to the position of the accelerator pedal.

i3



The driver may control the ETMG via the accel erator

pedal , since a position sensor has been added as part
w@Roowherops evi ously nmentioned retrofit, wherei nPETES2008/072672

position sensor is configured thr sending a signal to

the controller. The signal is in sonic way

proportiopal to the .position of the accelerator

pedAPre STPiSHE dithEe ‘Hi BRgnitugdp & Igi"ftf‘r‘i‘é‘f“ﬂh’ﬁé pdeny & one
pr opgibienal mt Gidihe cPashd @Rk Lo Rei-eMhRd iR L:h6us
signal contains digital information that indicates

- i poatpude pudhe iconsdiven. BN soreticeipidhaetiog tdal sensor
COQU al i fwl Q%QS%QW 8xlShi Q@r&@@@ Ej“% %%R amnﬁhmm by
fol | ows E. Drive by wire t I's al s
Jac ommmxeheds gyl §at pytdl iterthedly FS‘AEtrnmSAt@Hsm grmimtxbﬁi Vhe
IC@Lﬁge L{OHIC control nodule (E(Mor |ICE ECM
i f tHe dr’.ver rel eases the pedal beyond a certain
poi nt t katkd sirpreddteemihedcds bewped oa t@riguie wzeq ubes‘t is
bediHeGERaratt 1™ BUBGSI 8 B G oSt FOHTor The® e
pedarrxitbei pwit frecaerOrebiOntior muﬁ gp@sm bOfe pddal Seid8 da zern

formof re energy ve brakl ng RY ﬁ‘ézl)dl\ng i

iCgedaNat APPON andpoviet 'gahdlateaiiie &b providing
Pr opendduanahkad gol-feheedha ROSbink ORxy ph @mi&hhﬁ Mayhs 8
Er node works- much as the | CE would -- ei t her

ac GBFEFAL iThEE HEYVERITd Bodt WeHRe ek g {CE neowibniehe
acCOLEIRG o tQ: AHIKEL “|:APMhkink HE QRREC I ORinM1E Bq&»@'nfp&st ng
gears the driver presses a Z“button on the gear
shi f t er In fnoETopod@ shiiing putsttbh deaasesses &éwawgen m @tie
‘S\.\Nay\;..‘!: a4 ¥ J q nd’ t)a ¢ ke[' a$
R céﬁfr oi(?ﬁt ngm hzt$ﬁ%% A8sds ha%’hg G Qﬂi \Ia%% 9@% h&i
nodespheblt sﬂmrze:idmik:@cﬁﬁmﬁ wm@i ﬁt@E{* ‘vfi\/byz ghat shifbing tn the
speci fically, } 18 - ﬂ, Rt . N
coritcgr BFTer™® F ‘ﬁ:‘iiaf ggﬂffﬁ %t{fi ne %L{fﬁmp e B SRS S
pedstic ;pt}ﬁlx,hiéiﬁﬂ ¢S @ichats ﬁxhl@apodm meﬁm ganichay @odd p&vﬁame
control over the ETMG speed v
t he ETVE TS Fropet Pihiy th ’? ‘e‘”’%f%’h‘f‘éfg‘ “ds ie‘ggﬁﬁ‘t‘é P S0,
HY egenekaihk rmg wiI@VMQﬁo;ﬁ:&u@ HgeRalalQk.anctus regle h&az&;{l\gﬁaw 4
sl ow down e_an
oper HFBT e %%“‘415’ s“ofr?évdﬁ?Eﬁif@’» ﬁ@ﬁ%uwmgfﬁ%éi ETh s down
al sE a8 Gloradi@Ned h;e \\Qﬂe&rﬁt{&rpd Q. M HPETRGAR also casier for
appropri ate speed when down Shifting. By taking_ these
actthongaigre fe‘pe@ &t o arrias upeadiehETom ) fitfdng. By taking
apREQXLABLE! ¥, LR '»QJE ERRHGad 300 opPhxibieINEX L 963k
an gcgﬁng hi'f %i C eglris i ﬁ Ke shift |i§1& ?ﬁ’e IBCE,W H)e@
2%dr inmeresiodthe nm'i goen dmi @nu@ei rhves et 133?13 fhoiting Mief KitngHDV
, ocple QL o T “ﬁ r LI Kf r. dr o ,«i ) gr‘SE : ariinfe
§L-I§ Cu )ih%gg Ll Qﬁ &dlé{ti??kq &A{Xd#%eéé%b d‘{ékkﬁ}.t ?]{“eih ifi&%@igm‘)b
.pr@deétksg@n‘@jer ET power until such time as the.
controller detects a predeterm ned condition
designated for switching back to I CE node. One such
condition is where the controll epdetected vehicle

speed excee(z% fr edet er m ned speed t hat has been
ro‘g}}“a\ﬁi‘f‘é 1 rit'8“the controller's nenory, .

The truck then proceeds under BT power until such ime as the controler
detects o predotermined conditton designated for switching back o ICE mode.
Ume such condition 15 where the controller-detected vehicle speed excesds s

predetermined speed that has been programmed imto the controller’s memory.
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This predeterm ned speed is approximately 15nph | oaded
and 30nph cab only in an enbodi nent of the invention,
wo omentiofic t he battery SOC is |ow, Teqi #V, in tPE&I/US2008/072672
present invention has determned that electric power
is less fuel efficient than 1Cl power in many cases
abgve this speed, at |east according to the electric 5
t r détsi IoPCHPP ARG SItsh i UPERIysey | Fepkf ?hdﬂ&igfiwC*é**}ﬁ?héﬁ*= prly
Syt &M Sl 5@@31 @ite G &RE LR (rOM ARG, $OF M LR Testing in
another,. It may be nore efficient to use the ener
di Kegrdspuit haﬁwibﬁ'*g driernine! hridlesFiopewitis foy lupilpfipent v,
The. ETso§¥rS¥ne§@; £l (4»&3.11%0 Lhe oflh1 g1 e??)&&&u{h@ z@@%k%%
an d ETMG t 0 conpensate or the inefficienc
Sdi @sai op ae‘sspwaat Idw‘mw ktlrsen andSisowtiteok uegbm ris Ih@wi&«im 4

Sp o1y Q‘ ‘V\ R‘% Iy u e I; Ry | |\¢_ hea ALY LT
naray 760 B b o) DR b AR B e Wy
ar iy eif?s A dEdnen gyndas aelSsiat xfemenmra wkefhe Setswtrmg TASE Gethe

ene t ha be a ed betbre initja on
gﬁ%ﬁ o Ob béc*%/i} WY aa& %3”11\ 5 49, Spmpensate L {3 :mqﬁum,v of he

i nesfetw*Cd ﬁﬂ:@ﬂi@%t am Al Rehubhe i ERpecgo- cal l ed idling
‘Iosses [ rel atlvely fixed Iosse Appl i cants

Yhave foam“tiﬁrdo\}&h Ca RIS A Y FEer i ffg‘*% ﬁ%’t‘i‘ &PTPYP e
anG 1oy | OWLiPHERES: OfficloW BREEESsvelnged, BOEL] ShaNGLeS
in running the ET system are | ess than the id|i ng
| odgesuef dr apgeref GRS Bilish spEtioRdlEn Bieoveelissersl nBipere are
Savgspgsf 1118mv§@r£3’zu&gﬁ‘s Hmt(*io{lo Q)(iia%pﬁh&t %Al dhfiy é&Qd
| ow torques or spee her” condl tion for"
whifghs ehesic gopk @M»é“ﬁ\ simadhagg bafc%'ﬁtbomﬁ ERunpld 4 gile and

\If]w;\e/fgv rionh Eﬁ g‘g Q}t &r 9|r L{g\g%} 3¢ ntlgfsufmgu %& B}m gzg'”:ﬂ-'[c ? ‘E»?;!‘nl‘ G toss
Ancitdaehe aﬁmglims&nﬁ}f are MW, eh ﬁtdw“ei cmmit:rmchdums aSmit tsehes in
back to | CE m)\d%_ri s Where d‘tfh nhol | er-detected. ETM G
cuFPERt “BREBENS T4 SBFEYE R It HEQ ‘F ﬁr‘fﬁ""f hif uLﬁas, been
pr ogr anrgehnbhediiesne omich ahd @ﬁhsnaireﬂm m bwﬁam@ i sindue

to the drlver demandi ng .t orgue ou [ he .
ac CErErEt o ped Ayt HH?‘*‘C A ﬂb‘f‘:ﬁ%g‘é ‘X‘tj‘gﬁ gleget fow state
xpr Qvisded: by the EIMG (which is notoring in ET Mde, of
Course). (It should _he understood that notor current
may be rEasireaion {oF slpcaibaopBrlia st Mrkine-k Y BPIDUSs
cenhilal ..contexts, tﬂ?é @{am%tﬁ% @éeﬁi X pe&y@tm&%f 105:€ 1o Bas
control l er causes the vehicle to switch | CE power,
t hé&egoptosiingd @@na@ @i@ﬂ‘@hal ﬂ’léﬁ@ﬁgr*ﬁl&ﬁgﬁ aw andp iblﬁéwf‘
devy . L (3 YRORY
SVVij 91%@13 h&g\%i ﬁ’tﬁm {9; z?fr? oma,yi {gt&gﬁzégz }gﬁii\(,%fﬁ {}t %Es BOUY
3.:~t he*mumt s |theel T ‘ﬂfré s;ﬁmhtzamt»@numEx FCEadatell cdur w&y aribi*mié

t h é"“ é)%quir‘ghigiew ﬂg\h@i fé}t‘i}]h %g‘e l’tlLﬁ‘a‘zi tg% E‘! t?l%h 0[ %d imélzﬂﬁi&?lgﬁlgy

by i@ control contexis described hcx.t,,m.}
Hust belore the controller causes the vehicle to switeh to OB power, the
controllor sends & signal enefgizing an audible device in the cab o nouly the
3 driver of the switch.  In switching from the BT mede to the ICE mode, the
comtroHer first starts the ICE, which may rotate frecly sinee it is disengaged from
the transmission by the cloteh, which is held in the disengaged posttion by the
T system cloich actuator, Next, a “drive by wire” interface (11843 in the

present embodiment 3 tekes control of the throttle and revs the ICE to an RPM

s



FT systemclutch actuator. Next, a. 'drive by wre'
interface 01843 in. the present enbodi nent ) takes

weomwbnoioiof .the throttle and revs the | CE t o BGCI/BRINS/072672

cl osely matching the RPM of the clutch flywheel that

is fixed to the transm ssion input. Mre specifically,
pi | ot device of the res T system i sco

F hEGBR IR BE RegHRSAT BRI BRI 141 HrRG e ag@wfm

t hrolut | groeahkicdies @ﬁ&%& e&«_abpﬁh pedal: ,m @t,z@m)h @5@1{& o
recei ves a control naI that i s out

by
c o Bivfeays L%é‘?*sﬁ*é}o‘ﬁt‘%“& Pt sei eyt %‘»é"i gﬁ%ﬂ &tf@nzfeﬁ%
SIO 6k, S\:%JNS%{u ;%M,%fe thenehiigl dhh(ipw of B QN RUSHA Ithe
or 3.193 t hat nonitor s- rotation and is
p r @g%ri*am@uwm ki signhiokrma soed wham Lt:‘ees»r e valtide cothenication
urgdd CF P thGd ; gl ukeh
i R e e
neassmrzeﬁip: txha toreahsew §$i onamlbagt 6OE fREMheeltheRENNAND thhe

| G RN, FRLAPPANd. biladcle, SOURLOecndbpioks

I othituh@d, i AAL ﬁ:liis’&be duGE ﬁﬁti&ti GPM Qutl hiﬂt* 0F RA® may
}t ansni SS:%I On # The coné{ g gl‘ ogesses t e I‘Ii}’yt
Wt SAFPRE e %‘r‘éf‘ﬁ?‘ ‘ﬁé{élﬁ‘f‘“ A SR Jeah SF BV St A pYa
ar eTappHARLhad Gl e tEIMRC ool kil trdlehstihe nbGE The
ECM Once this is done, the controll er sends a
si GHETOUFOPORESE| 1t dthdriasrosderaauawiol met sy iberie o
sl qud.y: &L I@M h@t?l{étmﬂi(ﬁ Qm%gagﬁd meStOWRE I n this
context. ref ers seconds Inrm e‘ .
enbodi nBRte BF it ﬁ@m Hvemiiﬂéb’? squexp Sisphao dordipieh papator o
1sSMat Bl Ve, .8 Jx,ﬁ{/ SARCH: CAMOLy Qfm thg b Atk adiQu
he dri ver, an cont | nues to det eCEF( r| Vi n
comdtst» s, 1ol H) sehendsOB md@}h@ﬂh@ﬂsyStisrmwabiuat Hext, e
?Lgl’ Ll Cond!;;'g gwque?ngm%&seg{ﬁz?{rﬁq r%é‘a ?t!g\glﬁg %% lﬁﬁ% f,‘{{nc
t heotckay1s a&bheintmve@emaﬁ@ efficiently or where

addi ti opal cause to operate nore
20rt 1 of Bty ol eSETEohanEID A e RGBTl
w1 bakhghy ztﬁésabﬁ\hgffﬂ@k@ﬁ@&mshbeo o0 tE@l h&@I col@YoksNCKSa8e
regen, tor que command to t ETM G, ca u3| ng the ET: NG
t 0 ‘Foattithe JwxEie ‘?%Y”t‘hé"‘p‘i‘?bo@é‘“&’?" HErgR SRy the IGE o
el %9&&& Galve GHLLAN. [GRREMAI] QRdbNC HEREELP AL bty charge
r at Sel ecting the generation/charge rate
r esbéﬁ*m Vo PPTERRIEIONCIHE ERChANEEr joBRarge itc FiuKs,
I N QNP RNL 10.88HE TN GorBihe BLGRR! oENAFAERS AeBirical
responsive to a |ower battery charge state. For
iex anpire porhdonhgr gerauthatiysichotedismay be proporti onal
to the battery y«xdw&h{%&g 3t hreaRBLECH] B, G 7 bastery
generation/ charge rate B responsi ve er
addiuts g@maxlmi:taoadmmmbOMWS&t:tm‘end Chghw® dmgcr atcsmrmmé\‘ o
ef f I CI ent l %lr\‘gé “Féat g%r oo uaﬁ%ﬁatt\}/gggtigu Lp‘en{, 'mtg, sT 6EL{ mg\ %L
Si I’Isﬁ@wﬂi@ﬁﬁeh ;iiﬁlzsst{m&fg@athe mr,@mgf«ﬁa gdaemm;atmmgﬁaer
mrber t or gue t engine |oad i
30t 1 SVETHSY 1t’egl ii‘b‘ﬁv‘g ‘i‘l‘%@“*gghf‘é‘r é“gus“(“ we 155765 “’*’kd?““ BURE

Jl%ﬁﬂ:}aﬂ Q Rabu&snhe dhpe Rkbedimtfe da,m/i&ﬁrt |<30 Bsmfzegﬁzﬁ'm rate
current 1s a function. of batter

enBEETHERED 2 4o drle HFdtotipfetcsal! }—c*ofﬁ%ﬁdéd“? feficient at
di ffsrent::S0C bands. Regal current may be a function
of engine | oad percent (as




5: described above). Regen current may be a function
of engine -RPM The engine is nore marginally efficient
warwohe®ihi gher avail abl e torques in the upperP@i/tisl0e8/072672
of its RPMrange, Marginally efficient nmeans the
addi ti onal output .power conpared TO the additi onal
i nput fuel,. The controller al so uses vehicle speed as
one det el PRERE FRICAR ibFanppitieg @ieE A5 Ghc ks a‘s‘s%“ s
cong} genal i Q. LnRoWw:Mie thetife S HAT, 98k Nenbatt arkgSion 7
i nstances Where the truck is .noving at a higher
spedutiery HeCe dnpnotisdingh Gt seuc ofe ©oursacd iggifferont
power L o, gharge. Mﬁn@: t;kﬁr 'b@% fOMRLe L@L;\(fr ine Lﬂ&t;ﬁ @m 19
ant|C|pat|ono vehi c decel eration the contr ol
may dehgmsie;‘hb’a 1] Bage.cug grrgmt froomutttipnof deginb RP™er ie"g‘m e
‘;v’ 3 dﬁ“ i &E% 9;@ &il;},?mp% @%l; yuu &a%g E[gr}%%ra}%aﬁ 19 % qgwff % i%ie
of eap&u UM g mv\em ﬁpmﬁ@aﬂhecry rst(mﬂ age addidonal ouiput power

regenggatlivgl briﬁ g en the vehicle nust be sl oved.
In oW BbsdiRtoot e hvention, the control | er

sel ect s thech@vib of: ahangrichelont fzubimy dehanged cdsate of
fitnetton of the speed of the vehic|e q?oyg B
‘Br edBLET 188 % peldFHIghE elfbd n? e FUREETSH B
IS @:RRORUWH AR AUNGHHAR at & BOR sRRE, i@ﬁi‘l@x@ih%@ﬁ ayQ@hoose
the invention, the control l er receives a | ocati on.

si gl o BROTRT e oy IopSaey dhediitaies crePists e rlviiagy y snticipation
subsystem sandynEhRCLSrhiat 6.0 cuRAL LS 1My E BN ICvom™ i the
responsi ve to conparing the détected vehl cle location
to autipeedet wravume delloday kowrgrtakgeint tis chastd, fayekog
12eRg RO ATTRA LRhRofs TEIBLKARL LG CARt EQeLacIil S
i's bécause in some eogra h % ons ere dre known
25 {&t@mmuv@rtsakﬁammbmagr mgias eqst bcmkWnch  [@E cinbibdimgntiod

not perm tte Susevele jmted (for examle, .. ..
t he “BoP PSS L ».,o 13 é&l! étsljch l%{ kt‘“ﬁg;ltﬁ z,%é.i;&(; ﬁgia X q};@‘ »,{18%:‘,’\6(1 a5 8
opefigfci@n of shedgmh dédhd mﬁd’msﬁnar e@&ué:emx‘h@h geerd. In one

i nter va4 X N\;) veci i % none enbodi nent, the
contForEF ‘e‘“ﬁf’ﬁ@@p’t ‘8“% ‘@t‘ﬁ?\‘be fromits current
zbocat i ongt SreSaheRidant edetahnhtitedhe cdmlrotlanasdiels n%gi’matkm
staging area;, i) conputes a headi ng based 30

SuC WS FHP 8 FBE aritan o8 ignapery F‘F‘om"f‘ﬁéh@Pﬁd *diwiél“éé of
Si Mpkert REGLY %pawtkead Lhg ixhat tht NRCRS hagiLCamput-ed a
i) conputestrave tlms& pr edet er m ned.

ET- @éﬁaln@’ﬂﬁ‘g* lseaaigh ivg localiceg ﬂb*é@@cf top pRRERtcHRE fﬁ@’m‘«
1 v) de 065 2,64 & G&idiahork Sre tnowen
e DRI, PSP B, Bl R OR bt s o
G omputedstivavaling e BorhithECE jdl mem‘ﬁ bfatitméwitfé har‘%g’é\m
st ags?ai yig ngj ¥ m;?»?’g ralsi’o?' %rX%L r@mﬁhﬁ shaﬂaii%r Pnle &ihw%ud Q5118
reqwre % at'e ‘det erm ned 1 The

Sys temuidsd cgapfab:ke wofs avionger mmltdswbsl e Modegpeofically, in ose
P e PG TR AR RS
ope At DR W dRingd BT-aink@ing ﬁg&lﬂo @fﬂ:hym); omPiiiek h{l‘au'aig hased
Junl oaded trailer, tpe ET 3 ste ar}awperf“rhm o s
3B 1 G GHEP EH T 15 e SRR B P 5 1% OhieGh ePIipdives o
t hamedid ngat bRresPEheR: achgawy; |1QaCL0h§r Rl g Breause
resear ch has determned that 40% of common day truck.
dr i vesdeyepiesd | redfargigeFEBR T 6REI oft FBWFTBr HETE 1)
| 0aGeiadidinds _Sa g‘?ﬁx‘rw@hh ot @addb ik Z2Endch&1 EsTfum)d.@ML@ R hattery
range of hi gher operating speeds,




10 In various enbodi nents of the invention, the
controller selects speeds for switching between | CE
waeeaT/omodes of operation responsive to a manReEl/UB20p81072672
signal or else -automatically, such by nonitoring a
strain gauge connected to the trailer receiver (5th
wheel ), The system can al so be configured to have nore
sopRITEEiRat e i desl s edpePativeh b%@r hagagisiaen pigy} begins
POI RS iAPBYe BR R0l Wl 8gLid® chiBZRnehEd gi@ncy for any
speC|f|c oad.” I'n one enbodi ment, this is done using
data anallgsES, swiker & tiyeble raichevimsasulel piodes P oavaton,
Spee}dim ¢ >th\ kﬁp@ﬁ,d ol pn & Ss%g!l\i; d 98848 du@biohde Dloring
measur ed- power output Using a fornula, t he contr ol
&al parlods eSomeheiod oad sofiratitrdcab ehivel er ‘aﬁid smdjlosicd ERACERS
t et ﬁg's N8, 38t 3 E%{%'m{%t gﬁ%g&? E.i%&%%g@% i% ¢ Lﬁp §p;§ 83 3 Spesds than
alsawha*ﬁmtemknhahed mﬁnmmghdtBaﬂemnbﬁmkhémﬁdﬁmmmnaMm
nod Y of operatjon suc qf n { |
Rot TVACSEBTPREPY Rt AP ‘y"“d}" Wt Gt T e Shs LB
to Lhe icertaables vimRidorT PG FRJapfax| md,ezdr at;ﬁﬁ.aatm Bfeds,
i nformation. In special npdes, re |i
Per For HHITE RGP EEer S BERY B8 whi th eﬁf%% speedds for
St Ak {06y Qerd € 1R BY DB BPErhIAEBpBNEAND adBmudifnput
certain "extrene' situations such as, very IOM/IeveIs
of &t er y“c Retpgais d*?héd@ﬂ““swgmé‘?ﬁ%ﬁy*fﬁ@ SHiEg apPweed f the
casgof fall UFL. wheel TiiReakh AF AOWt Qnkl J&Quﬁm izh@ more
conventlonal vehi cl e has an accel erator pedal 50 by
mhlahma!d@ﬂv@p&@oﬁvemmh@namtv‘%ﬁgﬁwan@sﬁﬂ@E&gpeéﬂ%WPao
1@ SI Qal LS. gener af N ontr ol J.ex
‘604" é?p'&'ngl vé&t?olga% elp‘gkﬁ( Y %”Qéqamd ﬁg’f@o?ﬁg St
sensﬁwrﬁ@ﬁxﬁbﬁﬁﬁ@kmﬂ&tmupeﬂahuﬁ@ﬁmﬁmmﬂgﬁnsrﬁgknedh}iﬁé
posi tian hani _cal kage o the, |CE,
i BT e iy PReUeH APy 1 B Rl ot e
pr es;eﬂﬁﬁwsnﬁﬁnhmo Ry b eclitie gindakdjge calVEratoicipadat points
sensor 606 is connected to controller 312, either in
addFEFEH S S €omvratt FEmEP 3¢ Q%ontroller 604 or in lieu

abher eof dfie0kb@hRakpSaRS05.606 besthrconneakedst mg controlier
controller 312 in I|eu of the conventi onal
contPEia epedsn Al CPHBFPCHIE I ebOTBPPYE e EE i’(*hié“é‘%ha e
from.pedal., sensak a@@ﬁmﬁﬁa«& RUBNL:RAAL: SONLERL Geg pROa
at | east selectively. Altemativr.tly, another sensor
( notecahvwriyivimatipdded 't o sersted| erdtor nvEtalmgol, porfyrmace
N el A58 LS BN RSO GORTURIE AL B Sadlitklbverriddon axcopt
cont FolTer: the preseht 1 nvent
‘Ebntr@ﬁﬁenAséﬁnm@@@ﬁWeBJM® emﬁh&mkmwmaﬂhmaEuhvﬂm The BY
spged Larague gtko : nal 604 S fromcontroller

604 “And Pre ‘rrp i%guﬁ G R f‘ﬁ‘“g signal 31 2.5 |ICE
to the I‘i@E vmtgl aofy moﬂtv‘r @l lder \,(ﬁiaﬁxt@eﬂemht»&&z atan aasitmor
partl ponse.to conventi y l,, 604 agq
Pen bt b e oy arehah Fr RO R R i Bl
1. Oseu Si g¥hdr@led i gfddeniahadl 18 bl @hd keSp\ﬁﬁmiﬂimm& atadcal
to a drive that col trolg t he %;L

H egiiE féft‘ &% *@p%fefiﬂ REOEEH duge %‘}flr*mra ﬁu‘\v‘éi* Foyifoger
Mot Qfi BGs MR maRd;t@ed @gh@ &t W iehechiveal According to an
generation it delivers in a generatin nnde (Not e

t hat>hahein oF SR SFeeil e b Be REEE s SRR REE PO thHa
Blzt%lm \u\§?lx\QG§li'{“‘ ityp?ltihgiﬁg;r Q@ddﬂ-m} & deiv ctngoéﬁ ek Edoyratiieos
explanation of 15 overall operation. It should be
under stigodhardvat Honiging) ag‘m‘li SPhsisgpmngated (b oMMt catddury
the ETVIG s drive.)

is



Controller 312 has control configurations, referred to
herein as pedal response nodes," that controller 312
waeiodneical |y sel ects and sw tches anbng respRCiEUS08/072672
operating conditions, as described el sewhere herein.
At any given 20 tinme., controller 31.2 generates
gnal s 312 SET and 3128 XE at |least partly responsive
to t’t—fheutiea%ﬁw dSpoRgElivo i thegtopisniien 38 st eiphbgom
Ui MBedal  sensorAGEOT B NGl ARI e ERbs Of IBR: PILSENLy.
invention, controller 312 interprets t he p03|t|on of
acce¥ emtinr’» FEh GO S BhPHEES fddgThtoescistalp dytal 3§84 i
depry ttfte:mqedet mp&,%tttt&m Ryitthkch ek AROS ol & ﬂ?%@gn
by contro(i 25w thin a REGE, N range. I'n
the smexgony, 5%from about slightly above to about 40, 5%

Sﬁpﬁﬁﬁffﬁf‘ﬁ %{l‘ﬁg 12@ atce QS h‘z' tﬁtﬂt n‘ito%g&gg %N%%eml ﬁaggr%%?%n

g, sydhemeg, Do el e ag e WinD

SI gnazlm.f“ﬁ{em ampu&ht bm:tﬁsﬁﬁl #H2nd hats. Rasbgen | ad:etedtgﬁeig
jear shill, |ever, t.he vehicle
T afSTHISE |°’t§’ﬁ‘3§g‘e‘ar gﬁ W “&’&‘66 t‘at"ﬁlj“*‘t'ﬁ“g‘r‘? ‘gtErBédF HrehpirgE the

t he m@aﬂtiilﬁnﬂ\/ﬁe%b@ﬁt Thepx,@{ilctﬁ@ftoﬂ;‘&y 8 g8{C t@livers 1n &
controller 312 when he/she is about to shift gears

usi HY BHEL BRtE290 Eorterial| Bf ddricbsaHdet § e e

si gnalef: z@@n& bzut QB OR:4 zebénmﬁnewgnk s Redal u“ath@ﬁﬁgﬂﬁ‘ig
node, as W | be descri bed el sewheré herein, in order

to dause? t‘hé* signal to the EBYIRmn&his of ¢ HemiBhibel @plepition of
kaeh Lk N e Re St I“xnehepw(
the%\éll tu‘%n‘ 0115 %E%Qﬂ\{gﬁur g‘r?]?fo qma«'ith Lon @S PLE Gty

cor metsm@mmmgm@ﬂe‘dts%ﬁimttthe vehi cl e. Tha| s t he ETMG'

may be geng ) 2h Der, L

node or hﬁiy %e htsotre; tsxo o:fl m?tt;u%s *’thg gtrhbwg‘l 15 0{){“&5
(as rapsBt oK %e%h&tm tcdaeoeltiie Iaetometmtie pabdingsd aw AEEtvmﬁaé
But regardl ess of wha &ﬁo per a vehi

 TEGHE 1T 8 s R %*&ﬂg“@e%ﬁ twtg t‘“‘l?a

Shlffln-- \ gerformance of the vehi cIe o behave |n a
nor ESSHERFICYC BEAVEATTERAY ”‘P‘E&Ehﬁéht‘téFi*’*‘*\ithti‘éﬁ"t‘*“n a

pref er r ed.dQkin ROk Riodintoht of S ébnﬂ@ﬂVM» ALY, o ﬁt?g*éqt 312
class 7 or 8, di esel truck. erring now t

FI GIGPresiba PRSI Ay POE 4 SR mq@. thdté"@ﬁt ot é‘t*‘m 33%

el e‘EH LGod. @ﬁcu‘ﬁn WA Q\n t%};@ﬁ‘%ﬁg@tt{: Rt ShenuehiCli8 s be
accor Ing to an e 0 i ment )
33 within o REGEN vange.  In the next 7 " 8%, 1o, from about slightly above 33%

oy about 40.53% deprossed, the pedal position in this mnge 18 deemed by
controdier 312 & be within a DEADBAND mange. From about ${.3% to 100%
depressed, the pedal posibion it this range 19 deented by controlier 312 1o be
within an ACCEL rangs.

"'}

3 Cowtrofler 312 also revaves a signal from a push button 620 that has
besn added o gear shift fever 622 of the vehicle s ICE mavuaal transpussion gear
box, seemding 1o an cmbodiment of the present mvention.  The driver nay
signal -t controller 312 when hefshe iz sbout to shift gears using button 821

Controdler 312 responds 1o the signal from button 622 by chaoging s pedal

1%



i nvention, Beginning at 702, algorithm 700 is
initiated. This may include a driver or adm nistrator
WO piovi1gloiei ng controller 3 12 (FIG 6) to reflBCI/US2008/072672
operating IS conditions for a .given driving session.
exanpl e, the vehi cle may be operating with a fully
| oaded trailer, gE? 80, 000 gross vehicle ¥V€I ght in
POUTTERYPS OB e i ‘nﬁéf%fééﬁél“én“h‘f‘ﬁ BEFRBE: HR O W iR e the
Sesgi@hy phRGMUEN & 8o MBYicRE ARBERLENDmM RaQPl Yol Bonal
cab, i,e,5, no trailer connected. In other driving
seswpuns, dapi Gehiigtien mhyho ETbE PRt Foryrol ti a»Otimr‘f%‘*
but s[iﬁ, ™o 1%1 ¥ =§1! p\adﬁ\q{ iv h{llit'ﬁl\@( &Qtﬂtﬁqf&n@ttm ng%‘stq@(, vehi \ ¢is
i ncl ude communi catirn-4 an operatlng condi tion such as
1 hi spersoing omBE 0 Ibege 3 1Ry Isubh sds sbycoakiagrlarseliset ilont
on &, m'n Enh L ﬁ{},&r}» i}‘)%ﬁ!ti%'l%ﬁ %ﬁ{ﬂ[}@%s Rt ;\&Dﬁ%\i"',}%%m
present’s adm ni's
t hecgtdine nmaiamiu:a%dhmd ans conirdiire 31 Piats @rnmkeya @t zxvom the
Responsi ve t n er 3 G ;.
ot B pagebry o bdataF v frcle Mbreanturtbe] SPE e
pr eges@sm ned sdratuendf « (ﬁh@ﬂ@wﬂa 1alCE Q@nndconkie® ik ar vw3§1-2fgd
al so reads the vehj cl e speed. and th té%rque be|
el FUREINY & ARV & & B By
control &332 det graicnes ata g&Qﬁhﬁl h@t} &"Lﬁ«@a@@&dmﬂmﬂ of
torque and battery state of charge are within limts,
t hemedts TaBE Bt 8] PerRtgLe thayaicht agowiing i A Pmbhpen of
may G aU3&:an 'QQW* ﬁ}% cil{ nG?t t‘h%ml; Al LRk e may nchsde 3
di sti'nctive sound for exanp , to 30 alert the driver
t hatmt cher yéhinpheof Ritabiout cowrading 8r2 FELtd it raflesictrenhing
al ,\Qr S elegts. th pedal, e ST AliBeic SHED e
thafdI contr ol gr0 ki) & %} Qélgl-{nsﬁ?esxﬁgﬁg\ r% t o‘igt:;tinznlqll v
acce;lsaem aL oxmhpaed}aj iwpmﬁl it*ilii&'nv o Rl matsedhitis vearit palouads,
senso MZZZ ac 0. .a.cor tro onf i u}raLL n
deotriEaa r senkE: 3 RSt b By rhisE ol G Rk
Nextvi: GRRt teldagr i S8l wazm Scoamapnedet;@ fetien e vitnis n;easm\? the
interval, e, g vone S 4 t '7’1‘(2'“'ﬁ‘i‘§§‘rbl' es J,he 05
i gniFERdHEY E*n‘éf“ B8 Pe “I TP R R A GREREEHE B
26 ULeh RelealehadlcaddBat Opdhibengagdod el LELR i@t&b*wﬁu
Then, at 720, controller 312 waits a predeterrn ne
ti mid nedr apally, vakigs 0 solegiogedighBsne HHbCgEHat! 7@&2“““ o
r eadg Lhe @uy‘% ¢l ROSit SN BrisiRGrwhet her it i's now
dlsengaged not , " controller 312 branches to an
except i oR-Sttht &vat opgliy Ffdrrr ol @pbod KaeRt Ubf Respansive to
invent i QeigONbY ol &8 r@i’l\?a @B‘%‘?\S slit@ﬂ E’&wf@%d kgﬁpz ses
operat for exceptlon state I yes,
hoontzr ohduénrf rﬁai@«emaiglbt@gc BETNG |{mn@1ﬁé¥§t*ﬁ3 glsg rk@é‘t fli pRehicke
nmot or N 29 qerlRak € the
vehr‘f’%‘ Il\.JSTQ \ém%n, huﬁ ds, n;c 6] éit'gj:lx Eg%%eﬁgz{lppl i ad
10from theamae»m;cdie ;ipua mpxu& Saﬁ o@ﬁ thist. e spedd, kaupteicof pittery state
battery. At 72 controIIeL, 1 S .
mantar et PaeRsitc At Gt SPRPRE T bitged) PR ven
rmn H@L layuxg b 86Ldeng sRaUEReh kehakellstinot W ing) ﬁda \shﬁ}ﬁ\,y £
yes, controller ﬁlz branches .to 734 f CEE
“%perﬂaf?u %n*‘“‘ﬁi h‘éul‘b‘“ﬁ‘e STEETS CHETC R FHETR O h Fhes
Manyal.: OUe B e hds BOMWNRR iRt &lntrd@8 311 Me@Mexins responding
1o the accelerator pedal position communicated to controller 312 by sensor £228
acconding o a control configuration described elsewhere hevetn for ET pedal

modde stgte



15 enbodi nent of the invention this checking and
branching at 728 could occur at any tiinQ during El'"
worp@e/1ofo1®per ati on. i n anot her enbodi ment of tPEI/US2008/072672
i nvention the manual override feature of block 728 is
not accessible to the operator, or else is not
included at all. In one enbodinent, this feature can
only be BnabFedrolin 867 twith YesgrapHiy 2BReSEFbhe &s h
Ianggf.f E% a{ggzr:% ?;S‘Q»E@%&@mﬁ&w&% IeM&e I(Q: & 7@?%89@&1;99@& R
contibhlienaigla *ﬁéauétbiz‘lgébtslbséw @ffm-’ti hé“iﬁem c:wemmsgwq Gaz
bei ng;. deli.ver cle b (; I@:@{@t
as g n{)? il")‘t 5 mb ﬂ% eir%i?y‘g}' ate of yﬂéﬁigfre g“g'INFaf“ 4 ey }!%5 e
Wit hium;gkﬁﬁketed‘ mmedatlm:rm tssadvheiseonteadl | ﬁrmglﬁsﬂmniu 3z
continues mptoring the EIMs at, 726, .
e HGTaf Bt B g sy e g 2 imegions
andcstatier Qb ﬂiﬁ&iﬁ@ m 'atz; {#3QE @@mnhmgn Ekeppeysatd T, ; Ei ‘so\
controller 312 i gg&g | ed devi cestrespo
si gHEF&ORFET ﬁig ?%iﬁ*»gé« Fﬁ‘F B EFOR HE R I «t 926.

t r anssi s Sham: skAchydbngleSt 90ad Sropeidl ROETROM @ 1:0R8ie
the drlver t akes | eading_up to t he shlftlng of the

tHeaf e BV HESh PBEECR | SeWHEHE HEF &Y. ) in one
enbodi Met >0 LagunNYeNd m&& th h@umieﬂ@g&am\&e% Lllch o
i ncl ude 30 vehicle speed bel ow 18 MPH, torque bel ow

15@\*H‘m¥iﬁb§ the grigersip a‘@»@u@hf @h‘aweu%@i}@“ ﬁ@%‘dﬁaﬁbbé@ CE
for ol ! ¥e | Qa%q HE ? fmei@i g @Jﬂk lepSpead.be a:%YY 49%
MPH, "t or qué“ bel ovv d fb " ?Cﬁ ¢ Tand st aQe ‘of "charge -
abowei308&icthar tidedgh fior meab! gmfy\:w Isnshome emdo@m ﬁentm @fk
t(;)Pe dz%}gg\ﬁagzzjﬁo\}r}‘t %&tig‘ve o dtgon ?us & r&w g Ehdf‘tf}kﬁw {Q%eté ild Cf){'f“ {Bf m
z onezm/\maf eum& *t”iCﬁogi\, ()fpﬁ'smatmm rﬁn\mM%km&aﬁiz aned, the meadion
f o J torque
or St eRde SRR w2 e hogunise JBRRe e
' 73& ORIy &l :IDVRIdnk debbdigiesatiRg fhflke Hﬁd&:iabn ?&&)«:é i
controller 312 5 branches to | CE oper at,il on, begin \%
g atSrPESUEoRRPRR 2PREISHde TRBNOEL I“Wg“ér“§1 ‘éﬁéﬁi"mi‘é ‘7‘hf“c‘h(‘i
AMRY S SSdidevt@ag b1 t he |CE cab to nmake a
di stinctive sound, for exanp to alert the driver
that theNvemicPe Gaalsedi ff-‘éd“e‘ﬁf aheeql eEthyglciepppggs being
wai ti' :QQ,\, A P !;:QQ‘?HQ:@’EM REGAGIARLLLBE Y& mofr) m Hit &8GR
at 736, control 2 then enabl €s the I nition
and gy giizésy t’ihe‘Hﬁ@E psedgiereineh fvnng ghe Ten s‘w'ercmft“‘r offieges
10 %i‘n%\ &8‘3‘9 r*{l% 3 ﬁmk%'r:r i, p{n% 1aPRRLERE S (, (ﬁt‘%"\lﬂw&‘ﬁa
742 erm ned speed
pr edm::e.rmunedwimwe aof n&@mwal ’%Os GiGlristahiat opahzez seomintrolidr e 2
detelnlne§a 742 whether the | CE actu tYsg_pgw
i ndi CLL{& 50§ ‘ﬁéh é‘éhi 1%‘58‘&‘:305?1 2 &.ym' Seg tm’: g‘j\d‘"lﬁng g"l of the
act uahad Chnspeed: exaedos sihas pﬁedsetmmmmeﬂs s!;&eéﬂ\ er takes
geg&’ﬁﬁgg g? ‘Eﬁg/lf wimug}g I{}p it 1E, Dn.erir*P e cex{t.xﬁn,g] e{;mdhtn Ber ug 9., one
fn one eobodiment of the invention, the predetermined Hmits mclude
3y wvehicle spead below 18 MPH, torque below 1530 f Ibs,, and state of charge
above 401%6 charged fr fally loaded vehicle; and vehicle speed below 40 MPH,
torque below 130 1 dbs, and state of charge above 305 charged, for cab ondy.

In one embodiment of the invention, the predetermined lmis wclude



15control l er $12 branches to exception state 744. |f
yes, controller 312 then de

WO emvengiozes tho | CE starter at 48 and then wai PGI/HS2008/072672
predetermned tine interval, c..g, 0.5 second, at 750.
According to an enbodi nent of the present invention,
controller 312 next at 752 se| ects a  SYNCHRO peda
modef S PALE Y HERNTERE8 rﬂ*f‘o‘[‘-&}” B el P eiph r“%f“l Rp R
oV Ltk aes «Lins: SRAVENEONah «&eB! figkyesi gnal to the ICE
that arises responsi.\,e to the conventlona
accel er dtoF Pedareds epgs v(fowmtwérMﬂ@és*wfr‘ﬂ%adéifih@ﬁﬁ is
t he*@@&%ﬁ& akOlorRedal: QiR L8 zcﬁngko&r »ﬁefﬁp,t MM 31
revs the ICEto a predetern1ned speed ‘é e.g.
1 200:=RERY ot é‘f*he*wsly Redirgng fle7 Phehicem tp“ééd‘ﬂwmh  sigasal,
trap 00, S, L1} (o fOS RN {, N e
contioy roe B b aRtke TRECICH b 1o PR ol it kel
andume@HSaoﬁqmﬁkchhaﬁ@m mcvda¢“tW@ﬂSh@S&h@ﬁCEmpub %ﬁm'

2PSPETREL % LA OYELSE LSS ST B8 B s

whegstagk:: tshei“a(ﬁtshiashr iﬁ%!ﬂm@&d ithal FexaeedetiN Bwen contoller
transn]sslon SP% g or .at det rm ned.

e
i} i He 0 rSRE IGE Rludta shandePOf P S TR i o o

CONbk@lili8Fned 12::30 BaAD Ghegedb@indRed® @@«ptm@n 1atudb &at lihe
yes, then controller 312 branches to si gnal . the | CE
cl ubBHOREAGRPEBReY § EAgHyRer He eF grt ‘Qf*“%@@“‘“‘hb&%‘f WE s
Con; Lolkese 3hdnwal & Sadupiedabetnixeds &E&d"‘@u*ﬁ&rﬁﬁﬂé@' sposd,
e.g., 0.5 seconds, at 762, and then, at 764
terrp@s P | 3P Pegiithe thes pordnpaotinhes e ook eretndr  ped
¢ POSLLI.ON. 366 QL i Q«Q ;:& %Kﬂ: ﬁ%ﬁ@'zé&o@{f\« ,@a&}h@'{bﬂ%s%"p%d
el séwher € hérein T B al node state.
| Comterigitsk el 3112“&\1‘&303* Fléaadé ﬂtt‘he& @it a@kedelention! pos it
at 768, and_ g§t$L§Jnes whether the ICE .clutch is
engged-yer ™ then after sone predeterni ned
tinme, canknﬁhhﬁﬁJa&ﬂhhmaﬂchE$LpmwamwsMﬂeptumnn&katbmat
770, if.vyes, _State the vehi g
proﬁelheddbv t PégigSFﬁ?‘%éF’“uﬁ%h et gw§1ﬁ?ﬁ}gét“i“
27 68ihhatarihey dsxtm Ghe icSnRaen gaged sigagntr ok Ize&“ &12 arises
sel ects and switches tq one of the RECGEN, or BQOOS
pPedBFFRIBHRSY HESHIN HRETE B P PHEH aPHoT rhfﬁf“" R ko
Opegaki @R 2 &QRLEOMMET 3Tk mﬂ dofl Sr€ @ik Ok | 1e6h devieEes: o
respond to S|gnals ar|S|ng , ear shlftlng of the
renbaie e TErS eSB! laa? %\%F\g‘h&r YogEPRThGe 15’ rﬁmf
act $P§=%Q€w§Q&M§ mQQKEQQIeadlng up to the shifting of
Ogears descri bed el sewhere herein.)
’Next atN@Tey Tioneroiibet! 230 apler dSt rietioppeparddRIbHend
Y%E!s,%dx ta?i;e s q Qgirzg *z!nﬁs\(%ﬁ eiﬂpth sipm,ts]’ﬁ a%%m?yg l gibj?és’ Io(J»le
of prédetudrati mﬁﬂmlc&’m tsselt haﬁt thﬁ n@nmamedz&ﬁimd e 7% whether
OOy eBhet I PEr BrooRoneT el elurai et At HeFegt®
at ziamaﬂdwﬁe@@ansmﬁh@ekang spaﬁﬂs tbnqmemandaﬁhake*éf
gharge at

chea *v ‘n e*is.vmzo*z at 758, If yes, thea controller 312 branches o signal

Jutch achwator 0 sngage the clutch at 760, Next, comtrotier 312 waits &

predetermined time interval, eg, 05 seconds, at 762, and then, at 764,
tomporarily begins vesponding to the aceelerstor podal position according 1o 8

sontro] configuration deseribed elsewhere herein for 2 BLEND pedal mode state,

3
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If they are within -predetermned limts that indicate

ET node is desirable and possible, (i30, answer to
w@e@sti®m i n bl ock ' 776 = yes), then control | ePCBU2008/072672

branches to block 710 to begin switching to ET node.,

In an enbodi ment of the invention, the predeterm ned

limts are as previously nentloned i n connectian

20wi th deetsiion b géte. wpdp the actual phuichh gpigprpat 708 and
un%ﬁ:ﬁn ad v‘% Q‘QI‘I Al URRUARCR s TROMAL (OVerf Ldanls o9t some
shown here rranualy causi ng asvvltchfromICE node
to zE-T*tfmd@t d goptopairdlisr S Blpatched 0 de $xaehig: fipgpic! 70 I yes,

f eat Lz‘“? ‘lnp\ mgf”f AshLe0. il k n& hJ?';}Lﬁ)fd L‘VO%&C;@L 06k mg a;?{ﬁad
monitors contlnuously or & ently for a manua

Sov eferckd@igi qrval g oim tihieh @hr e migaﬁ@(hﬁ'oetnﬁhdﬁh%miw@f and
L e LONSTE a0 38, kY &PPE\}C 68T ﬁ;ﬁd;} Modth da,mﬁ&ho& bR
noderef {Openatld mmurdlmzzanam dﬁb:r 1=Pfhfkmidhmfemtt‘oii@sﬁ at»h@;s respond
invention the nﬁnualﬂ ‘ovegrl de. f | o includine
acCBSIPBIFGE HE® ofFaT APEFE § r“élig"“u‘“ iﬁ%’ m?“"é’l VIS (1o -
al lsignhR HRQy eAROURBOthe drhiss whealudity @ane ol yhidieg of the
enabl ed in certaln geogr aphi ¢ zones such as in a port,

Handieps BHEBIEY BOFELESREIve to a . GPS signal input to

control kgt 3121 controfled 10 Mol &l BEAQIMGE Lot Quthe Ree
understood that in an enbodi ment of the invention the

- vehiiefa! bnity wwhekadbededfEerybaipp o rh chies | EERgnde
}hg u\y€@gﬁk%u&@@ Hﬁ&?@&kyh£%§@@lk%@gsﬁﬂgéésglﬁm§$h

S occurs en transi timng froml
modes amdswx vepwersan bhnk 7ot Herhicgerohf §ilowstipees oporaing

(Propulesi, O"? b@tterym Bech E\ char t@ﬁ e and St fm%q{m'%*“%”ed

“previousty, <81 an tune, contro
gener at esa:sy gn a,h1@11131@1@@5&1@11&1@13&@15? indiCR: é&“ ‘sh{@assmmmbh

’ paonsive to S Qn‘e_‘ % 5
| n ,éif"ifg }E”f Siaatu;[ HHEYE Yﬁegup i\ém 6“1 éF g }n&m i ?ﬁmﬁ 1
cont:h@b:b:al: HILR Tomye HepihenprEhy tohiel p&@&n‘ tifscm s::ﬁftuﬁxdmmﬂ. of ih\.
accel er ator pedal 602 such that a r st.

N , ‘ {:}nge““(\)fwu.“\w
| esvpitral hUPSPTEERRENT™Y “smae‘éﬁb‘d“‘bg}” ST B ORI

xbe @iREGENmangessi n an upper range of greater pedal
di spl acenent, the Jgedal osition is deened by

cont r ol |§e$§mg§112net grdgetood el jaihopsh Aoeppsst Shg‘éd‘ iSpoy jhown

' ntﬁ%‘yﬁsd't@x; @ailﬁ acﬁzgaenl ;ﬂxm@}hr’!&i{t}h@;oﬁ@@w @ﬂg(, ACEELter 313
ranges “of di s | acerment, the pedal position is deened

by wontasohk én, Seugegn Bé&&Wop Rk ‘hﬂ*b”ﬁE&DBN\{qugﬁ gréi MORIorS
Fm%%@@%%%%m@%mwgm&E%%M%%mwmﬁ

eda)l response I'n sonme det al nd rel ates hem
i 0 ;symiemzmﬂe@ invGYSTEEN that controller 312 will respond 1o manusl

averride at any time it may ocowr during ICE mede of operation. In another
smbodiment of the invention the manual override feature s vot acegssibie to the
operator, or else is not mcluded st all. In one embodimment, this featre can only
fw enabled in cerlain geppraphic xones such as in a port, and i enabled

33 responsive foa GPS signal input to controller 312
From the furgoing # should be understood that in an embodiment of the
mvention the veldele only operates briefly with both the ICE and the ET veluele

sonvurrently propelling the vehicle, L, this occurs when transitioning from WK

-
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'MODE PEDAL. RESPONSE MODE COMVAND TO | CE

COVINIAN D TOETMO In ET node or traiisitioiiing
wheimaenicodes Aced | torque proportional to PEEUS2008/072672

pedal position signal within A CCE1l, range! 10 only

when

o BT nrede and vice versa, snd otherwise only eocurs if the propulsion batiery is
overcharged,
As mentioned previously, al any given time, controller 312 geonerates

% ETand 312 8 ICE of least partly responsive to a pedal response

3 mode that is in offect at that time,  As also proviously mentioned, comtrolier 312

3

may inerprat the position of aceelerator pedal 602 such that o first range of less

pedal displacement 18 deemed by controller 312 to be a REGEN vange. In an

wppsr pge of greater pedal displacement, the pedal position v deemed by

sontrelier 312 w0 be within an ACCEL range. In an mienmediate range between

ok
e,
s

the REGEN and ACCEL ranges of displacement, the pedal position is deemed

v contradier 312 0 be within & DEADBAND range.

o

Following 15 & table that

ame detail and relates

above

cndaing the

2
exNp

mentioned pedal response modes in

WHEN fl‘.(j}i’»ﬁviiAND COMMAND
KEON* ' TOICE TOETMG
Ageel torque
1 prapeviional v
I ETmode | basic pedal Accel or regen
or position signal | forgues both
EY T tansitiomng | within ACCEL | proportional to
between range /10 andy | basie padal
modes when postiion signal
transitioning.
yyyyyyyyyyyyyyyyyyyyyyy ' Fis - s'}t L\\;"} I P
AAAAAAAAAAAAAAAAAAAAAAAAAAAAA Aeosl tormne
- proportional to
\OF REGEN Battery SOC bam. pedal | F ull regen
e guickly is very low position signal | torgue ™
- within ACCEL
- range




trans: tioning. Else not used. Aced | or regen

torques both proportional to basic pedal position
WGER@nal701A ccel torque proportional to basic pRCEHUS2008/072672

regen position signaltorque * within ACCEL rani: ze

078 * Full
fegen orque
when padal ¥e

i ACCEL
ange ;) In
Accel torgue REGEN range |
‘ . wroportonal o | 875 ¥ Fall
. Batiery S0OC prol 1 . .
REGEN . hasic pedal TeRen torgue

yrrd
£
%
r7e

wmoderately

efficiently position signal | ov else regen

fow within ACCEL | torque
PARES proporiionat fo
hasic pedal
position
signal,
whichiever is
higher
Mo ragen
torgue wien
1'3\,&‘7&
Accel trgue ACCE!
proportional 0 | range; socel
. REGEN only | Rattery nearly | basic pedal forgue
B off pedal churged position signal | proportional 1
within ACCEL | basic pedal

Tange position sgnal

¥
Battery Avcet msque Nocel oF roEen
averchareed i | Neuelor regen
TVETGHArg proportional o {crques hoth
. K ERERINE AR
! Lise stored basie podal S
WE BOOST L i ,‘,,} T | proportions to
energy for ET | position signal basic pet 'si
wio tarning within ACCEL position s ) -
N ) 3
off {CE ange SE
ICE tnitial Revup IKCH w0
s o a Aceal of raoen
. . . E e x KRS
wterval predetermined S hmg
g . . T '8 R
N i‘,which may speed {RPM), T
SYNRCHRG | ‘%Y”( HRO  WAIER, IHaY S { L proportional to
be due o mndependent of basic podal
e DRI ity
aulomatic podal position oo iim; sonal
Tl s T HISHRMY SR8
- mode within ACCEL =
s.wi'i..{:h,ix:zg} | rangg

2
1



Aced torque proportional to basic pedal position
signal within ACCEl, range Accel torque

w@e@potwional to Battery nearly basic pedal cheegEs2008/072672
posi tion signal w thin ACC EL range Battery

overcharged Use stored energy for ET wo tam ng off
| CE..CE.i-pitiyalturn.on-interval.. .
; Blends

SYNCHRO

Fa

SYNCHRO

BLEND

After
SYNCHRO
pedal mode
above

predetermined
demand
component of
00 RPM
signal to ICE
{sge
SYNCHRO
pedal mode)
with a
conponent
generted
relabive (o

{GEAR
SH{IFT
SYMNCHRO

{Gear shifting
daring ICE

mitiad turn on
interval

Revap ICE w0
8
predeterminad
spead (RPM),
mdependent of
pedal poattion

Accel or regen

| torgquss both
| proportional to

hasic pedal
position signal

Regen torjus
proportional o
basic pedal
position signal
divided by 18
when pedal
REGEN
rangs; Aeosl
forngue
propottional i
Basie pedal
position signal
divided by 4
wihion in
ACCLEL range

GEAR
SHIFT ICE

in ET mode
{or
transttioning
i BT miode)
and shufiing
goars

Aceel torgre
proportional
basic pedal
position signal
within ACCEL
range / 18

Hegen forque
proportional to |
hasie pedal
position signal
divided by 18
when pedal in
REGEN
range; XNo
acceleration
torgpae when
pedal in

ACCEL range

26




(which n ay be due to automatic node sw tching) Aced

torque proportional
WwWoRbI0ACCEL range

(RPV,

i ndependent of pedal

to basi c pedal

posi tion signal
Rev up I CE to a predet er nPCEUS2008/0/72672
position wthin ACCEL

range . Aecel or regen .torques both proportional to
basi.c..pedal..Posi.ti.on_signal. .Regal..torgque. K.
proportional to basic |pedal position signal | #f$rdediby
16; when pedal in REGEN range; Acedl torque | proporhonal to
proportional to basic {pedal position signal awmréef b]y
4 when in Regen torque proportional to basi ¢ppeealsigna
posi tion senal divided by 16 when *\@%pﬁlqm ?E@Ei\ﬁbf« 36

LA

fes
LA

GEAR
SHIFT EY

In ¥CE mode
and shifting
gears

proportionat o
basic pedal

position signal
within ACCEL

range

when pedal in
REGEN
range; Accel
torgue
‘;mmm*{mmi 0
basic padal
| position signal |
Pdivided by 4
{ when in

»»»»»»»»» ACCEL range
* {except on initial movement)
MODE TABLE
Beferring now to FIG. 8, a state diagram 800 is shown for the system
modes of controller 312 and s related sensors and controlied deviees, aconrding

so an smbodinwnt of the present invention, and relates the systom modes o the

pedal response modes. (Herein,

St Foanee ™ e 23 I
SHREOY T 4N ﬁ\jnlp*‘g

i3

“states,”™)

“modes”

are also referred to herein as “omytrol

The state of the system begins al mitisl mode 8G2,

upon startup of the vehicle. Depending on whether the battery has an adequate

charge stag,

devices), i which the controller enorgizes the ETMG {o operate as a molor,

manner such as desentbed I FiGL 7

With veference 1o the BT mode in the Mode Table,

PRI R
when mitially &
invaiion, cont

ICE that 48 proportional
& 2

&y

range /14,
proportional o

Fig

ET muode of operation

BT mode 83 or

307, blak 7

vehicle to BT operating mode 806 {via controlier

the basic

R,

&, cravesponds to pedal response mode ET deso

Table also

3D
~J

Bk

podal position stgnal. (Mote, however
16, that the ICE ignition s disabled by controlier 312

The

Wli 3

ay described in FIG. 6 herein above, the next state upon startup &8

se SYNCHRO mode Preforably, the controlier

Lo 3k Xa)
T 21s

coupried

}_I'k a#

. (ET operating mode state 808, as shown in

ribed in the Mode

“able}

il may be acen that

ravsitioning o this mode 806 in the described embodiment of the
sroller 313 conununicates & value for the 312 S _ICE signal t the
to the basic pedal position signal within the ACCEL

whereas the value of 312 S BT comumunieated o the ETMG i3

reference to

carky i the

refers 4o this feature in ferms of the




range; No accel eration torque when pedal in ACCEL

range Regen torque proportional to basic peda
wW@omptiom si gnal divided by 16 when pedal in REGENS2008/072672

range; Acedl torque proportional to basic peda

posi tion signal divided by 4 mhen in ACCEl1l, range *

(except OD initial movement) MODE TABLE

Ref 8repsitig DO 180k 8eng 314 Stk & & dgk afiedoomss. SRR

for.&he.s ya{q@tgggq;ig&>%gggrolIer 312 and its rel ated
$61sars and conttol | ed devi ées. According to an

]

enbodi rre‘»n?lt‘ f@m@l‘ Her g@e@em \isﬂﬁv@ﬁtﬁ)dﬁ pman@*)fsmiat?@s bpstie
SYSLOM SRASR %t BRaPROo ool ERRONIRJIPHGR ;(nH%f e&;ﬂ:cf o

‘areaso re erred n as -cont
3 wmm, acceleration and deceleration via the ETMG as motor {accels @n} and

a8 generator {regencrative braking). The reason for generating the 332_“5‘5;_“}{;‘&

senal g m;m:rtu\n,_u { the basic pedal position signal within the ACCEL range

e

1 ix in oeder 1o provide more scaaless switching between modes. That 15,18 in
order to provide more seamiess switching between modes: That Is as the clateh

P iy dHsongaged signal value w the ICE controller is reduced pmpnriiimaii}-' £
pedal mput while signal value to the EMG is inereased proportionally to padal
mpat. This allows the driver o intuitively adjust for the changing torgue wnputs

to the drive ain without loss of momentum or oveprevving of the ICE. An

RPM detection algorithn can also be cmploved with detects increase in I0E ypm

Lo
Ly

that 18 not responsive o pedsl npug, thus indicating that the clutch is disengaged
an signaling immnediate deactivation of the ICE.

To provide a specific example, if the driver doprosses accelerator pedal
H02 such that it is within the ACCEL range, for example, the value of signal
312 8 ICE sewt o the WOE is proportional to the position of pedal 602 within the
20 ACCEL pedal range divided by 10, St muore particulardy, for the pedal ranges
desoribad herein above, i pedal 602 is deprassed to about 60%% of s full range,
for gxample, this is aboul 20% of the ACCEL rangs, so the value of signal

312 8 ICE that controller 312 generates and sends o the ICE 1 209% 7/ 10 =

284

23 O3n the other hand, the valee of signal 312 S ET sent to the BT &
proportional to the basie pedal position signal, as previousty pointed out. Thus,
for the example given In which pedal 602 is depressed to about 60% of ws full
range, which s about 20% of the ACCEL range, the value of signal 3128 EY

that controller 317 responsively generates and sends to the ETMG thus demands
300 20% of the ETMG motor torgue propelling the vehicle.

n another example, in BT mode 806, if pedal 602 is depressed to about

16% of its full range, which is about 30% of the REGEN range, the valoe of

signal 312 8 ET that controlfer 312 responsively pencrates and sends to the

ETMG thus demands $0% of the ETMG ponersior tongue recharging the



states' or sinply "states.") The state of the system

begins at initial node 802, upon startup of the
wa2wval®iec Dependi ng on whet her the battery hasPErUS2008/072672

adequate 10 charge state, as described in FIG 6

herei n above, the next state upon startup is either ET

mode 806 or el se SYNCHRO node 810.. Preferably, the

conPFBPIFER PBHDY sHOtEHESH T R VERFEHE 1B g sPatifighe

MDA g,8Q80:6V b neORMNGL | 8T Rl defOUPhOEUEN &R addflable to

whi ch the controller energlzes the EM G to operate as

a MRS n MU EHnEE SkpER 1asS dek dht ety i Grenpiateg ppd

opetat ngﬁ;lgq@le Sl & %Qx pofonS (Wl%{ﬂ' tp} Rl&is & REGEN and

corresponds to pedal response node described in
£ he VD8 Tab ks Wth reference to the ' ET node
in th

wa < it may be seen that when initially
tnlns f éﬁ%nIgffg%H I's nobde 806 in the descri bed

enbodi nmefitc aoi‘\ Et hzﬁw.ik ﬁ&)ie mﬁu d}m f;x mmﬁmmmm& F@nually shift gears

communi cates a val gnal, to.the .
G Rar R PaBr Torl "o REDRUE B he TSR
Si gaa)res iih{hﬂt\llh&« vég{lwmrbﬂd‘igﬁ Rt 3 shavkerteassot @t gears.

alye of 312. Ef . communi cated to the ETNI ;
‘pr opSTHTOHAr ’t‘*zS“*f*‘ﬁFéE PAGE: Cﬁ@ﬂ%ﬁ”%gs $8E itgriat; Sul# er
( NOL@ic SHOWRNET corirb R B iReMs exsbéhsEhiGic & D0 aBE 6 the
that the ICE ignition is disabled by 'controller 31.2
ear F*Fi*¥he ET node of operation 806, The Table al so
refers tg aﬁ}mi&&%% o G Qﬁtb«%}@h@fmddg & the (RS Iabik O may
to ET node. Signal 31251 CE to the ICE will, of cour se;
havér pon ehﬁr‘é@t vonce! YRS lF@E!hwgmntwém 33 cargubicais )0 the
?heg SRRSOk SPRPELAL tzﬂa% ! EQ%E %Qs@:& t0 gl—i}‘?uh bt {.QRal
basi¢ pedal ~ posit i
COUEig®y! dt\qu rre\A i émapmﬂy& {\ G,hmtﬁkwe'\fd\‘( £ Rzeamst cmd @nw}cja‘mzﬁ o

accegl erat i and.dece| grati TMG,.as .not.Qr..
(e 0Bk PO i IS SRk EPe b B of el R PR o PR
br akisng) 7 hﬁhemrzeaemndm:ﬂm gaaerragﬁu digh GHARFIRFT SSNCHRG
signal proportional to the basic pedal position signa
thFﬁighe A. CCEL range 10 is in order to provide nore
“seam €S Sit StulCAaNg deetives m@desmﬂhat mibde 8 IRS::&}kYnXMs der
to provide nore sean1e§s SW ng ween nodes. @t
i s SPPRECERdrEke PSR it se‘h péuhs i@fn WP BIOREOE fhide
| CEpe@MdhBhost®n RAHCREHRHQPAL: t. Bonaddey 100 Pedalmd MY
while signal value. to the EMG is i ncr eased
pr opdet ifohaMPYe-t o pedal input. This allows the driver
to intuidively @dlg%ﬁvﬁihgzﬁ&i mﬁﬁ ehﬁgmmmrgﬂy §:d RpEts
to the drlve train hout | oss of nmomentumor =~
20V erigravviing x@ﬁf%héﬂﬂtmmmﬂﬁmndm ActFomrap g@’r Bt
Ca”uglaé%u!%e«zﬁgiﬁ a?(ég Oér’]‘g &zﬂ uf %‘ﬁ%gm}:\ﬂ%% e ‘;zﬁ JofFpokPm
i ndigeat irnghifitthatedihé e [FIT™Eh muismdm&eﬁg@@e@ amssugmal |Ensg

speb P Telnnrey S Huebarfab Tt QBRI s
pedale ﬁ{@& ﬁktﬁzhu kibed 3i1 “‘sl BT Wi thdiignat hes cA@CEL.mEaamfg e\,\ u{f}: orit

exanp f
S et AL R
t he yAQGNEL i..\cge;dﬁ;km rt&ﬂ@"ﬁ“«lﬁd\h\fi&@&% Ryguk®y Bt lideidt e
partlcularly, tO the pedal ranges descri ed her ei n
aboVéwmiF“EéﬁﬁFméﬁﬂki§“8éﬁﬁ@%@%%‘i@“§5@ﬂf SEERHBF its
ful L §@3R88wm oo fwgf HEXANR) 8o oldibe deSis @bl%tralzg%r:@fmg@t@x

. ACCEL range, so the val ué of signal 3 I2S|CE that
contionkiere Ba ofiyennaiust difigul dnplacatbe tﬁ%fﬂfsee* pistho pog /
10- 2% On the oil T hand, the - '"alue of signa
312_S ET sent to the ET is pﬁoportlonal to the basic
pedal position signal, as preV|oust poi nted out Thus,
for the exanple given in which pedal 602 is depressed
to about 60% of its full range: which is about 20% of
the ACCEL range, the value of signal 312 S FT that
controller 312 responsively generates and sends to the

pr—— mee . I Y



. 300f the E. TMG notor torque propelling the vehicle.

I n anot her exanple, in ET node 806, if pedal 602 is
wa@leppas®ed to about 16%$.';:, of its full rangePCE29N8/072672

i s about 50% of the REGEN range, the value of signal

312 S ET that controller 312 responsively generates

and sends to the El /M5 t hus dermnds 50% of the ETMS

genérm%«w ordiudsdte saldde sgpsehy hp ESPF sroRk Bakrary .

HOWRV.QE < 18 hile &\hk@&ﬂﬁfﬁ&etﬁﬁ{ugb&g Q\dtug'[hql'tei{}n@%? ﬁ%ﬂ@mﬁ an

erforren umo he vehicle, or eﬂse here 1 s actua
no DG ué « dirad! k«@mm The. cmekgewmiéfwef«aum&@ thihiat Miremuch

S 008l A2 S B bRl SRR L e %&%ﬂi&m&g%ﬁﬁ'aa}p 2w

or any' position
W thmnut\he?mm aﬂidtﬁ‘ iBE A DBA N D nnges Shl fting

gears | n‘i a3, t\ "iii\ :dga*% gmci@? e%am 3, il-ifliﬁ{lptg’%’.{“ a%@nma du.,t}f Re ¥} Imé

driver gears 0
. magdal o{‘t‘ r»,aﬂsmis:siaem Jpeal tﬂaoxc (‘iﬁs nmge\wmhxy e, the value o
ment.i o ver

T o S0 e el osghudian? eERigang s B0 3% S0

geas s« 500 (RASROASINES L HRCEIMUNGobNb &S kg P@bhel the v chicke
control ler 31.2 switches to GEAR SHI FT ET state 818,

i BH Borbespoivas 6 T e Petiamipls gonaucrsaantreothig the

San@ i“n@{@ecm? z@ct be, Made »dabl §ﬁc K E iorquztﬂ?gﬂtﬂi*@ reRee {I*Q
t he T ET node in the Md may b

seefi tsmtmhe nphyaybeegfdisghied ﬂsr 2128 th’f’éf‘* fbm\rwﬂ} @#s»@i&zﬂ
comuni C@f;{‘%%ht %}"& g}%a;[) n% }] LMguliPn %tﬁwnf ﬁaiEﬁTi‘sSE Qt £ of

818 i s proportional asi ¢ pedal pOSI tion si gnal
di vitd@EBIN denigé, Thexspadalthd vl ft’fh‘lmldt RE: ACCELhar aiprgessiter
.and,proportion , ed ppsH kO Sl

dl V%%gﬁ%ga{ 1éz}<}a 7L:1§f%10 Ha. }F??RJI & 8 o h| n N &N &Qx%dxm
Thi 82§s Foke € ‘és‘eimmezd@xs eerijdpes »ﬂ:m’ dienk’ Frﬁgsam s g m@ ﬁ
SHI ET SYNCTI RO. node 822, 201t shoul d al so be noted

t hat™ 1 CERRISHPAT VB “58E 818 control ler 312

comuni cat@sing ivabdse siift SigRalz? 34 HeSTEACBIIOTt e shiGE
that is, proportl onai_ to the basic pedal  .posi

si gl Wk ERich MEHBcACEER eR Hg® Pest Boft PR &Y \é‘h aﬂrg ey dhe
200 8ff@Ch sl ElnMd@nake available the full torque or regen available from
the BM sccording the signal vidues in the basic pedal position to propel or
slow the wuek.

I another embodiment of the invention, in GEAR SHIFT ET state 815
controlier 312 communicates a shight regen signal fo the EMG. This signal
25 causes the EMG o shightly slow the ET dove svstem 1o hmiate the shight
slowing that an ICE will exhibit during shufling. (It should be poted that the
sHght vegen signal will also compensate for the greater wmass of the PXL with
wisuld tond o varry more inertia than the spur gear normally wouold. This shight

regen offectively electronically subltracts the exira inertia.}
30 Rexponsive o the system determaning that it 3 appropriate o switch
frovn. BT mode R06 to ICE mode 814, comtrotler 312 first swiiches the velucle 0
¥NCHRG operating mode 318 (via controlier 312 coupled dovices) responsive
to conditions deseribed in FIG. 7, bloek 752, This moede 15 of short durstion.

SYMCHRO operating mode 810 in FIG. § corvesponds to the pedal response

30



Controller 312 is .configured in this fashion
regarding the 312:5 yn' 2.5signal fOr two reasons.
wo-008t11701¢ pedal 602 is in the ACCEL range andPCT/Hg2008/§72672
demandi ng propul sion torque fromthe ET.M .G
(motoring), once the gear box gears are shifted to
neut raI the EM G w Il be unl caded by the transm ssi an,
The PBATR) ¥ stsigerd iy Povesphin s YN RO d§s Giaogrrelist
a high,speed. 1e3Ponsi-y & 1Or the, m&;@&quqmqgrrgm | shgnak.
312 SET if the signal were not attenuated. Second, if
30 pﬁe@n&ﬁ O e REGENC parinrs derand et ebyes the ICE
den?' uﬁQ QQ:QQI@H&@L Nt p{kg%@‘l\«fir%m ! hﬁ} Eg)hyl igﬁ rmm,hi:w the
(generatlng MG . would t £6 qui ck 'y slow”
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28 heen divected, as described above, to replacing auxiliary drivers with electric-
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Alemator
The sonventional 12V batterv-recharging-aliernator alse draws some
snergy from the ICE even when the 12V battery s at full charpe. Acconding o

ap emboddiment of the present invention, the conventional alernator is hkewise
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T3,,pe of electric drivers and type of driven devices
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.t r aFeiis moRT gerstieorwbuichio pheeltfet eibiiieg Y Sprdteniectrically
t or OKHS%N\L!IJWIE?; Jfatpir Gl:xhletuE-%/Qu iEML ;‘%\&@&ng} ;Fr&%‘?%@ *S%L@@’md

al so prOV| recha 8 battery in
r esp@méw &0t o um%d eathé egHphddo ﬁleamupesmgfamr laad iih % mm md
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drive cycle and within speed and torque |imts of the
PXU and transm ssion and speed, torque and current

wo pewptis700d t he ETMG and battery system ACE1US1088/072672
the system specifically has a conbi nati on of gear
ratios, ETMG torque, etc. that satisfies predeterm ned
torque_and speed constraints withjn predetern1ned
<h|v@“&VéFé‘éBﬁgiF%ﬁﬁF@‘““ﬁ%Qd“ﬁ%%ﬂ%ﬁ@rﬁ?h@ﬁ”ﬁdﬁ&é?%%*
of SPRRUSHARM ikt MR B BEMBLIROnBRRES ILRED 6 SY St had
battery of suff|C|ent capacity to yler
pr edet Ehivicn ey iéir{hivé’ut HerROda e BplerTBEIcr &7 ﬁi‘ﬂs Ardeobil e
ETMG {35 0808/ ﬁ?ﬁmﬁ afps &S DARAE ubhid %R%&Ezﬁ&y M %ﬁg the
predeterﬁ1ne rec arge opportunltles defined I n
£i meoanduspeetbsdibideerogcl e. That is, the battery has
; Iuglf 'dc'aeg%é 3‘*{‘55 ?% neg}&gm&u @'IR %&&%ﬁ& d&?ﬁlﬁ% 8 ek o bt
pr edemzaﬂmmmmmﬁhv«ﬁ ihr;/ aly ammheme ptd’muﬁ'ﬁbﬁa(mm, anil to enable
generator) can r e i e
o oGRC B 1h LGP SBHp B sppbr ot FIpL bl Nt
dri vebeyiekas having ve szR&laaﬁ‘b&&mﬁxﬁ ﬂ&x $i: Zeiaing Wehghtiaofse
a cl ass }élDV,i arelatively sm | ectric ETMS propels
Fhe VERTEFE TS Prjigp e s “’E‘ﬁ‘ét“‘ S PHESY GHEH For a
dlffefentnhﬁ,ﬁuﬁﬂﬂﬁﬁ;LW&khﬁ tRed EEMG: kS 8hakinee! Yre wot
small in terms of what: is needed to nove the truck in
al | VEpidet b e ey pEtgiir sapsve dlerctiain Sicedusiog pllabels,
ETMz.hag QP& al Lngsehak ;@E &F mmm &Q@%o@%?‘?@@l TiR8ty auy
Ilnlts of "a conventional PTO that Is ordinarily
couphgduitoeganra hsfrathergenersbf o fivdigo miemick gndk portions.
transm ssion through a PTO port. That is, the ETMG
nmust have the capacity to drive or be driven at 20
hi gher torques and speeds in certain situations than a
conventional PTO can withstand. Accordingly, a PXU
havi ng a conbi nati on of both a high torque rating and
a high speed rating is included in an enbodi nent of
the present invention. Mreover, conventional PTO s do
not have a sufficiently high gear ratio to enable the
present invention. Accordingly, the PXU not only has a
hi gh speed and torque rating, but also has a. higher
gear ratio. Further, the recharge current/voltage
delivered by the ETMG i n generator node (ET node) nust
al so be switched off or at |east reduced in connection
wi t h manual shafting. Referring nowto FIG 9,
it should al so be understood that the invention nmay
include a. nethod of retrofitting a vehicle. 111 an
enbodi nent of the 30 invention, this includes
installing 902 a power exchange unit (PXU) coupled to
an exi sting manual transm ssion of the vehicle via a
PTO port; installing 904 an electric notor generator
coupled. to the PXU;, installing 906 a battery
el ectrically coupled to the notor generator for
suppl ying power to propel the vehicle; and installing
908 a control unit coupled to the notor generator and
the battery and configured to switch operation of the
vehi cl e between first and second nodes, wherein in the
first node an internal conbustion engi ne of the
vehi cl e propels the vehicle, and in the second node
the notor generator propels the vehicle in a notoring
node. Installing 908 the control unit may include
configuring the control unit as described herein.
To reiterate, the enbodi nents were chosen and
described in order to best explain the principles of
the invention, the practical ‘application, and to
enabl e others of ordinary skill in the art to
understand the invention. Various other enbodi nents
havi ng vari ous nodifications may be suited to a
particul ar use 1OConteanated but may be within the
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Unl ess clearly and explicitly stated, the clains that
follow are not intended to inply any particul ar
w@ewaanwes of actions. The inclusion of |abels,PEUU2088072672
a), b), c) etc., for portions of the clains does not,
by itself, inply any particul ar sequence, but rather
is merely to facilitate reference to the portions.
Wiat¥iEsH ¢1eEp9Yed is A nethod of retrofitting a vehicle
conpris installing a power exchange unit (PXU) coupl ed
to an existing manual transm ssion of the vehicle via
a PTO‘perhod i pgodRiedg e linleePERYFR% not or gener at or
coupled to the PXU, 10installing a battery
el ectrically coupled to the notor generator for
Supplipling = powerestionpr gpdlP X h eoupdddiie e gditmgraiehiing a
contr, LCH"Q-1xg\; 1O nptor generator and the
bat%ggv&%g%Lé%%fﬁéﬁgé%%ﬁgqgjg?ch operation of the
vehi cl e between first and second nodes, 15wherein in
the first mode an internal conbustion.engine of the
veh?%?@mbﬁbﬁﬁﬁghFﬁ%”V@ﬁ?&ﬁéﬁmgﬁﬁpﬁ%ﬂgﬁ§ gecond. node
the Motor generator propels the .vehicle in a notoring

node, . e , o
HY O msiailing o hattery electrically couplad to the mator generator for supplyving

poswer & propel the veluels;

installing a control wnit couplad to the maotor generator and the battery and
sonfigure oy ewitch operation of the vehicle between first and second modes,

15 whereinan the first mode an mternal combustion engine of the vebicle prapels

the vehicle, and 11 the second mode the motor gencrator propels the velucle in g

motoring mode.



