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TECHNICAL FIELD
This invention relates to traction vehicles with a normal and an auxiliary traction

20  drives, and more particularly to traction vehicles with electric and internal combustion engine

(ICE) drives.

BACKGROUND AND SUMMARY

According to current trends, heavy duty diesel trucks are increasingly subject to legal

restrictions, including restrictions regarding emissions and also regarding idling time. In

25  some jurisdictions, legal restrictions may even require outfitting such a truck with controls for
detecting idling and automatically shutting down the diesel engine after a certain maximum
idling interval, such as five minutes, for example. Inventions disclosed in the related
applications address issues arising from these legal restrictions. These inventions provide an
improved arrangement for a vehicle, including a vehicle such as a heavy duty diesel engine

30  truck, so the vehicle can be driven via an electric motor. One implication is that an existing,
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electrical outlets. The present invention involves a recognition that

additional difficulties are presented when alternating between higher and
| ower spewodposredzoas on streets and hi ghways. Accordi ngctraseme/osssas ur e of
the present invention, a control system enables snooth and safe sw tching

bet ween vehicle operation in ICE tractio de and in ETM npde.. The control
syst gmcaav%nogélc@#et% A3 36 PR S TEFRIES BT irpgtion\igficabia Caﬂlan%@ﬁé@ﬂ% y
per m t snéBR. dri/BbedtRdnt AABSEVidE n iEroFIMARIR MRS RANRAYE: b LR NBRLL! e
operational states satisfying predetermned criteria, wherein in ETM node

t he vehilgltmcadovtldsti on | CE nmay be shut off. This may al so extend beyond the
control system nere rantin erm ssion for .t chi t 0. ETM node. That
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nodg r apiRANGIMBatiy BElwREH | KighdrNgnd @6MErS sRdIQPQICAt 007! stRlet 88d hli%‘hv&h@r@. form
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devi ce Aesarding édonofcrtiec pf Beaseent invertios: acagfeoldesticmecnablss smoplicindtrerceon a
progr a@iné%Ling%E Lol a8k %gerl%{i&f 5 3O 1adlh RIASERY h ﬂ(ﬁw OR&L At W L the
programto e ecut &t he programt or perfaorm ng a nmethod, in Whol'é or In

part, wykteth desyctd s taird ep@rniens sassfodrthe Oeticlol antl ngleativaly pemisubb daiser to
descri bed herein. In another formof the invention, a conputer program

pr oducttransfes fothe FTHhmada igprpnpive to theyshickroncesigas séaterefisingmied Eanpedder
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pr oces sasentl dreyomd theotdntiod) sgstay shantysgrahtigs paesionbfod sivetcling. to GTM rmode.

vari at irﬁps, ﬁpj ects, advant ages ﬁng .forrPs of the i n\[tLenti on ‘ﬁ‘ |1 becone
appar enttéf So er@aup Ly SteALmAY Pl ¢ 8 THEETAL R ORROE P £ I M e I FSROBSEYer ence
to the 3aeRIRAME AR WpRSSondiQfat&¥ampl e, in one formof the invention
features described herein are perfornmed as in novel process steps, which

may i ncl ude Ipravedeme of filor inyontiang lal donputer sysitmnmsludés agragessor ntkd sheag n.

The .details of one, or .nore enbodinents of .the jnventi.on are set forth in

t hd SacCBHSAATT AT Gt B GRS nd PacEp T BSY BRI REPT FoRiogpa or

obj ect sonfblin@ e ra@8sorof ThB eyrbeé&dit isOfhandtlve Qﬁh&lﬁ@%@ mf EPRkERR the
description and drawi ngs, and from the cl ai ns. BRI EF DESCRI PTI ON OF DRAW NGS

The f orsggemgioameriormmg dpjaslads in gewde 08 iamdrtacihight ageIndids pmscises e
N I .
The samrogrameirotee iNstoieeon athegibRe dorhputotghdibic medium. The computer program
20  product has instructions for executing by a computer system. When executed by the
computer the instructions cause the computer to implement processes for controlling a system
such as described herein.
Other variations, objects, advantages, and forms of the invention will become
apparent upon reading the following detailed description and upon reference to the
25  accompanying drawings. For example, in one form of the invention features described herein
are performed as in novel process steps, which may include processes for controlling a
system such as described herein.
The details of one or more embodiments of the invention are set forth in the

accompanying drawings and the description below. Other features, objects, and advantages

30  ofthe invention will be apparent from the description and drawings, and from the claims.



the FIGS to reference |ike conponents and features. In the drawings: FIG 1
is a block diagramillustrating aspects of an ETM system for a vehicle,
accor di ngvoaowarikeas enbodi nents; FIG 2 illustrates a PeratS2a/obsIBsveen
vehi cl e speed and ETM rotati onal speed in the ETM node as a vehicle is

accelerated and gears a I j | j (st gear to second gear
to third gear; FIG 3 i éﬁ%&g;r]éﬁﬁgﬁﬂﬁ‘t)&laﬁwg}lﬁéinsh| ps between ETM
rotational Sﬁ%efé)regb%@ Gh o_ﬁlléﬁ%gjec@[‘gspfe@trs%ﬁ a{dehtfaéesV\@ili Be LRtk cfthoee
gears are engaged; FIG 4 is a graphillustrating rel ationships between ETM

rot at i dhah thp &dipvangl detethéd Hescribieon ehi fréfaged embedimegtsr of the dovadiiog with
various_gnbodinents; FIG .5 illustrates an epbodi nent where t manual
i ut on ERRES 1€ TRRRoBy Ty LtiRer TR RS RS e i SRR 6
i 1] gst raé e&s9. herdr@badd IRBhPInHLE WRPRAGIEA! 18 eeSdrhWings:si npl i fi ed nanual
transm ssi on having speed sensors on the transm ssion input and output

shafts; FI GFI&.jlsisaaphleek daigaam aHvstrating taspedthgf taneEF ™ aystemsier g behidleen
speed !a@g&ﬁﬁ{[gqg)%aﬁ&% e%%%gnénqgi c according to sone enbodinments; FIG 8 is a
g

fl ow di'agram-of 'steps used in’an enbodi ment herein; FIG 9 is a flow

di agram of SIEPQ illsschtésna aglaidiebetaaodehieBtspbal eadETH fotatibdal spead fih ciwe

di agram of steps used in anot her enbodi nent. herein; FIG 11 is a flow

di agr arfr 10 mode pisa yerelcinaceplcrigsridasats anephufted ovgiding ipm fyst ggantopesrnd

di agra ter systemsuitable for inplenmenting controller functions
of qgnbggglglfrrtgﬁ%n(sf&) escribed herein. Like reference synbols in the various
drawi ngs i ndilGat3eis| 4 lgeapdl iorertsg PRTAhdES RESCR FTIMIxotationdhespéal, [vehicteg

detail ed desc iptioln of Eqbodi.ma ts of the invention, reference is made to
the. acoBRBRAVT IO Y BIT PR AR SETSRESIEERL s i n whi ch the | nvent i on

may be practpged.i htgra?ﬂﬁq}l{lgrali’iﬁ% YAdeSRhPRBetNRh FANISS 85RO dp oA V’%ﬁﬁélebﬁ

utilized and changes may be nmade without departing fromthe scope of the
pr esentwhamsbrting hetwEhe gehraigdonBn@teddeioas fmbodlewatsi pti on are not intended to

lim.t the i nti.on to the particul ar form di c' ed, ﬁﬂtr contrar t he
niénti on i 91065 dpen S Eky bRt BhDhJE BT ek el R Bhe
fallingnwmdBTM thb& shipetdioand scope of the present invention as defined by
t he appended clai ns. Headi ngs herein are not intended to limt the subject
matter in arfflOnay.illustrates the relationships between gear sets in a simplified manual
transmission having speed sensors on the transmission input and output shafts;
FIG. 7 is a block diagram illustrating the relationship between speed indicators and
20  speed logic according to some embodiments;
FIG. 8 is a flow diagram of steps used in an embodiment herein;
FIG. 9 is a flow diagram of steps used in another embodiment herein;
FIG. 10 is a flow diagram of steps used in another embodiment herein;
FIG. 11 is a flow diagram of steps used in an embodiment herein; and
25 FIG. 12 is a block diagram of a computer system suitable for implementing controller

functions of embodiments described herein.

Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION
In the following detailed description of embodiments of the invention, reference is
30  made to the accompanying drawings illustrating embodiments in which the invention may be
practiced. It should be understood that other embodiments may be utilized and changes may

be made without departing from the scope of the present invention. The drawings and
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FIG 1 is a block diagramof a vehicle 100 having features according to
enbodi nents of a vehicle 100 described herein. Vehicle 100 has an internal
conmbust i omOoeng/1ne3fl CE) 302 with a crank shaft 110 that pd@liSe@w®3896% at i onal
torque when the I1CE 302 is operating in an |ICE node. Crankshaft 110 is

coupled to the input shaft. 125 of standard transm ssi.on 122 w.th a clutch
120 t hat®'B58 ket Elen an aafg@teélﬁaf i @@htgf_ia dnypEor et mﬁlflﬂ%rnéﬁﬁn\s“%%weizz.
Vehi cl eod Qf: %bﬁ%&,aﬁleaﬁt&h@ﬁtig 'thcrongiCTal_l QRodTRER onb EIMivatals tahétalﬂeﬁlaEQékp:c ed

to a transfer gear (not shown) of the input shaft 125 via power take-off
(PTO 1Halbing Metiyn thehvpuitesd heops of tRT@cfeat tnventict0ys deifinkd by headppendedicldims.

suitable for coupling with t drive shaft of a ETM (e.g., 150). As such,
These Vi EeaTL S Ran g Ry i RS Rir y Y bbF ads o means of

extsacting magen i ¥ bedck ReadrdiPof b QcRRRS Bttt RdlesdeYdraRS tb @nBodinkdnts S,
W nches, etc.). Transmi ssion 122 is directly coupled to differential 316

wi th t ridrsyshieds 600 desepbrd kasgine Vichaole (96 hasr aaninteanal Zembustionenssdl@l) BBt h
wheel s 3 i { | i a1 Bpsm.Ssi ; y be
1 eted WL AUahR it AR ASbisthpridh bt BRIt ARTELERAOR B30 Y,
shown) médes ahhkshafh 110 idédupiedao genapatshaft 132 of 4Biagdardyrabemigsieh ub2 mithcases

when ETM 150 is not suitable to operate as both a notor and a_generator.
Cont r ol clwghs l @pnthad @peBisdP i rgsgind disgigage dieskGh Fam Brnsevpsiansd?. ehisls s,

and psucipnt I h [ ubs t 1 ed
toqg nab]lrbg J\}%L P%ﬁngﬁ)fge%tﬁcog%%%&a@g&agggmrﬁsgaﬂtﬁgt gsngocﬁlye?r[eﬁ?% t%{r?sef%gﬁ%ggh{ﬁr ei n.
The norstaivny efithel iepetd dattr 1 25al1a postee malO8T (BTOpUpl.e Many sahticlsy bivens POD | CE
302, for e |le, HAC, electric clutches, hrake syste t ing s em
orc s0qe i W Rh it e T niebiedon ey Rty BEARVE SEtko s FOMR e T or m
of el ecAd Ligd! thelly JERbILE GreOtaf@RP hES BRIPED MotMallEPRRNRS of Qeslseftidxhiaatdgy
activated actuators (e.g., solenoids, relays, etc.). Additional actuator

dri ver 90366 (da ehedPe® ebepetaie externalaleviops (eegn 1160 wiinehes,tete). vehicle is in the
ETM.nmode of erati.on d | 302 i s, ,no,.l.onger . .Caontrol system 16Q is an
Casonae ot RN E S S Pl R LB AT e R e B R R T ¢

i nterface witRrdifigl $HDJSYSt@IFErHotly bk 820 AAth GaningGixcEY)SI 18M Gptbrabigei ves

auxiliary power frombattery 170 whose vol tzge is suitable for powering an
ETM | i Keansmigsipgol22apt bolfitteq stiding s@ondR) Oal $bthahisealsq peunled tp wransfer @saibl es

it t 04 i d L 90Sin 184 :
st andar G003 BT A Y25 Eoalye SRS OONOT AsSRIEE L B \ET™ o
| CE 302 5¢8tienoti sniththle td &ferapas both@maotlend dMedicedter. battery 310 is the standard

(e.g.,12V) battery used to start vehicle 100 in the | CE node of operation.
Batzger y 310 GRIjroAPEER A O¢ ReittaiBg 1agia Powist figiribeyien sy, @IFW’;%%PCRE@%I i ed

from AG GORDEELADES o f%mslt)ﬁh%ﬁl!iﬁ?zs]tgrﬁs &y beVd'o%uB%c;i %rr]k%'ablgev%ﬁ{c?et R0 tddperafOnt rol

system 160 receives signals from sensors 330
according to embodiments presented herein. The normal vehicle electrical system 308 is

coupled to sub-systems of ICE 302, for example, HAC, clectric clutches, brake system,
steering system, etc 304. In the ICE mode, these sub-systems receive their power in the form
25  of electrical, hydraulic or compressed air in response to electrically activated actuators (e.g.,
solenoids, relays, etc.). Additional actuator drivers 306 are operated by control system 160
when the vehicle is in the ETM mode of operation and ICE 302 is no longer ON. Control
system 160 is an add-on system that has various inputs and outputs that are configured to
interface with the sub-systems of vehicle 100. Control system 160 receives auxiliary power
30  from battery 170 whose voltage is suitable for powering an ETM like ETM 150. Control
system 160 may also have circuitry that enables it to recharge battery 170 either through AC
connections 164 (e.g., standard 120/220 AC voltages) or by converting the alternator output
from ICE 302 when in the ICE operation mode. Vehicle battery 310 is the standard (e.g.,
4



may include standard sensors used in the |ICE operation node and additi onal
sensors added to facilitate operation in the ETM operati on node. For
exanpl e, wonsewvr43ay be added so the rotational speed ofPCirrseaosbsats 125
and output shaft 129 may be determ ned. These sensors are assuned to be

i | ud i 330 th h f ti. t
Shown_ Rty el vayde I TRBenGE rodialoprrohaBae SR A e
pover - tdhaheq 3Pkl LuET 6D ot fodel Uidplitd FrohoARaioApass! takibhyer tnder

| oad. Likew se, control system 160 nay al so have circuitry that al'l ows the
out put wfviEdMidBOgtrsrifer UxkdCastral syblamgl Migrevai tsagenalniromescosse 3dhehidiTM 150

[ i tabl t bot h. t or.,. Thi i i

be_ contnureide SRR BRrERY a6 T0E B et gt Fhf e fiom bttt
150 swhemcilitat OB Al PSinahic ETHL Bgérﬁﬁ@d mo@e J For ekirhl6, Raadst Ry HeOaddBE QY ee

ki netic energy fromvehicle 100. Control system 160 is further coupled to

i ndi catretasionat Bpogs efhinpewinthaftnls Sdind piuagus shafd 189 meayi b deteranidgutlease senseescei ve

. Tt ! -
Sonss ot SAAhRORAtNE0ReSE s Uash SHANGLE DL ONCL TR IORIELAN s ot e,
to ai d showshm FiG.ng gears of transm ssion 122 in the ETM operati on node when

ETM 150 is engaged to the transm ssion shaft 125 via PTO 140. Battery 170,
optional fudronéel pysiep 16085 giscuitpnihat dlowsgrripblgpowgpie Be aprbied b EMt | Hhs

164, vali I . ' art

of S B B e e RN E% BRhab
vehi cl eit0iryt thatoplematte: eutpit df I dhtlembe tiscdcts iaahangiveetoltige weths ;cadeGERS02 and
ETM 15 Th f : t and hi cl e hayi PTO 140 havi t
that  nay oLt 3 RAT Ry DEolArDYPE ABY WHTRTR. b Sy bR by st em
and an c%iwg&éa td AN 1d Bﬁdﬁyﬂeqaﬁbﬁﬁé’é joQhe BRGE SSEFASB0IAREA iNEFRAEs as

Vehi cl e 100 al so has a conventional 12VDC battery 310 for supplying

conventd ganatate] (egt, dugag beNaige to B808vdrduindtigeneigyiion ivghiels 108t Eontrol system

souce o0 iy At e B aRRUEE 138 SRR RG G P EMGT SEIHRRIE R e
enbodi resdive @Asor sSerlsi ai@pirddésd thedd @ehalytoshehit R &OS (c.6OPSdcdOF dhiFfaips. A

hi gher voltage i s advant ageous because it delivers a given anmount of f(;;ower
at a | cikers et skaft spaudss theshingy de1p@semed toun drikert foridin whifdys ems ¢lor

0L RS PR T HA ) R RSt et M AYPLAR e L5 52
cur r entshadtl0f via@JO tth@t i s nmechanical ly coupl ed through power take off
( PE%) 140 t OBaC‘ztreirQ/ ?7(%,ro%?igrqgllsfﬁielocnelllfég%' anEhiitsscaenrirst%eordli Sqefrllltel Sﬂp% y, AC connections
164, various sensors, etc., and control system 160 may be considered part of an auxiliary
power system that is an added along with ETM 150 to enable vehicle 100 to operate with
independent traction wheel drivers; ICE 302 and ETM 150. Therefore, any standard vehicle
having a PTO 140 or having a port that may accept a PTO 140 may be retrofitted with an
25  auxiliary power system and an ETM 150 to enable the ETM operation mode as described
herein.

Vehicle 100 also has a conventional 12VDC battery 310 for supplying conventional
electrical system 308 for ignition, lights, etc. In one embodiment, the auxiliary power system
includes a battery based power source, e.g., 144VDC batteries 170. The battery voltage may

30  vary in other embodiments and is primarily limited by safety and cost considerations. A
higher voltage is advantageous because it delivers a given amount of power at a lower
current. Thus vehicle 100 has two traction drive systems for drive wheels 320, ETM 150 that
operates in an ETM system mode and ICE 302 that operates in an ICE system mode.
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i ncludes an alternating current (AC) generator (alternator) 152 that is
driven by transm ssion 122 via a second PTO 142. In this case, AC

al t er nat owO2B®/geoser at es an el ectrical output that is ceapiusdowo3gsent rol
system 160 when I CE 302 is providing power to transm ssion 122. In the ICE

de, alt t 152 i.s th ble t h b 170 t
Conttol systarmeetmiRctcETABaSD & puhfehGuard "Bt SHCL A dodp-gencally
cr ankshafiblod Htohigh boRISBROGIRPTONPAY 1ol rchdissibh IpDeVinUShbodthiiatho ¢ he

ETM 150 shaft is nechanically engaged to the transm ssion input via the PTO
gear assdntdsyanizd@rnating cheewrtBédigererator faltemator) tih2 T4 dwven CTrarstssion50,

PTO 140 .i,ncl udes @) ch. mechani sm ot. shown) . for di sengagi ng,,the ETM
150 duriagt EapRFac b it TEenar: SloUpmkin e Fac IR Sl Oy

t hats i tis ceueetcasngrol Gyseanabathell 1EEL 302Cik thyo Ml peRet iLtrdfidiissord EMEr Red
during braking and clutch 120 engages crankshaft 110 to transm ssion i nput

shaf t ks ICEmadeotarnatomnkpi in thusqoaeble torigchrersebatiani htf hraghegntralsyemETM
150 may; 6*6%He§1eﬂ:é ?gf ?%@9@% baft c%!cESlz% ;cgufﬁ'seg‘ ARG %ﬁ)\’ Rt t?éﬁs&l‘?é%iqn' fipde

enbodi ment, vehic nsni SSi on a conventional rnanua
t ransmishasftapswherei n manual clutch 120 is operable to di sengage | CE 302
fromthe transm ssion 122, ETM 150 i ndependently supplies traction power

) Ly
for vehicl e Appreyiousiprestads theagidd S0sshaft pomechmicaly sagager 4p dhs E4NsBRSSI92 and

CO%PLregB]I%R VAa tHcAPR] GLarI8 MY 146 215 'Eﬂelséth ihéft ihPHEL ﬁﬁgﬁrﬁ\({ éé? %%§E|M§&50

pre y supplies~tracti on” power only when conventi on

di sengad@dPTOoMO malugded g PITONcli2R nwdicharabmat(adt shdbn) doddienmgbgies tskhBTM Y down
| CE 302, t0 conserve energy. |In one enbodi ment, an auxiliary power system
added tBTVEHTEPBSBY enpl oys a battery 170 as the source of stored power

for ETM 150.1, Tidthet ReddaRinktM BPRE 190 i9RETRE | A8tor BV i@%oobéfaﬁlg%aé%h@ra{eo
receive energy frombattery 170 and i ndependently and even excl usively

suppl i edectniat wim qugwer3020s ravetsed Heringdraking ané elutds B2 Ovingages weanirelzats1 14y e

prqvi ded for rechargi baf t 170, the range, . .spee nd | pad. handl ing
PR ©y0 enmbier ambh ot s eV ks mrsulitgn S8 ae FERdr B0t PREHEDHTAC”
capabi IETNES0qhayt hreusell @S Etar €esMatt@iics 1F0 vanebntldesystdi €60.ener gy provi ded by an
externally charged battery 170. In another enbodi nent, battery 170, and

motor 150 arle get exmbadimentperchiclsdf Fanimiston Fes iarid donwentiegalc apawpl i ti es
that tﬂ?&ﬁs&ksgl%n' Wbk *h?an]ﬁQf elifish 9 o"l‘%hbﬁérgbléot% h&{;@@g'ﬁzﬁe‘%ﬂ fomY AL ! onal
y ;- thi €-0

| oads in certain ordinari encountered Circunst anc S tra
i si npl erasihedionn 20r EIMFIGO indepeadiaelst sopplass thbflodpelwbafor @thiclk 71@0tvGa A0 sfy
Cer2t()al nl 4((:)021%1E1éd tsoI azp%rt of manual transmission 122 and coupled to a transfer gear of transmission
122 input shaft 125. ETM 150 preferably supplies traction power only when conventional
ICE 302 is disengaged from transmission 122 via clutch 120, and enables shutting down ICE
302 to conserve energy.
In one embodiment, an auxiliary power system, added to vehicle 100, employs a
25  battery 170 as the source of stored power for ETM 150. Thus in the ETM mode of operation,
ETM 150 is operable to receive energy from battery 170 and independently and even
exclusively supplies traction power for vehicle 100. In the case where no means are provided
for recharging battery 170, the range, speed and load handling ability of vehicle 100 in the
ETM mode of operation are limited by capabilities of the electric motor 150 and the stored
30  energy provided by an externally charged battery 170.
In another embodiment, battery 170, and motor 150 are selected to be of such limited
sizes and limited capabilities that they also limit the ability of vehicle 100 to handle even

conventional loads in certain ordinarily encountered circumstances; this trade-off is

6



and wei ght constraints. The horsepower rating of ETM 150 may vary from one
enbodi nent of the invention to the next, depending on the | oad that needs
to be serwDced/amdoon t he speed and accel erati on requi r @CENtS00008893%hi cl e
100. If vehicle 100 is configured as a fully | oaded heavy duty,

tractor-trailer truck, it m i gh nmu as 80Q. 000 pounds.. Conventi onal

el ect r i EPURIEGdR o erafoaalﬁf‘da%%n%@aigg a{l‘ﬁgf‘“%elsgttg S ﬁfffy CgHa1BI @8k A€ power
requi r naRve@biRehbhitkid®t or of about 50 HP to achieve and maintain an 80 MPH
vehi cl e speed. In one enbodi nent, ETM 150 is of a DC type notor that weighs

about 180 polhedwrsepdwicsratiag ed EdtM 460 huyswry dwer orcHPybddmmenritfithe oysntion

operation and 80 HP.for to, two m.nutees in intermttent operation. In

anot herodnpba Rt HRAORUNE R TS e P il E S RF s Plimg and
wei ght .rediifnidntsORatfeh @ 06 KNy ckigRanio 3 @hnfiRatcdedsya RAB Made@hssywaity, from
one enbodiment to the next. For exanple, in one enbodi ment, battery 170 is

a Li t hiteastardrpiley/secksat may yeighars miggh a0 rppnde nSpryengpna shctid vﬁimc]flm
150WH Kg, i i1 hj lon . .
l%qar%%ﬂ%h@fp@;%éﬁ?t%@raqggﬁi'oglyelé'c'trtlpf)Mr 2 1Pea£r{3§§ g? %Po?@oaefta}‘ﬁg t

driving a or ‘one ur woul d“require a

wei ghs 5P axddibdve layd 200H€6Gnan SHOAPR eulnidi. spé¥d. dawns embbbiendkY\HE TN tliS0gsoand
correspondi ng weights for, an ETM 150 and a battery 170 woul d depend upon
vehi cl & PSotRS gaer thaapcighpabaiti BiRapoundsdndds r%fﬁﬁ @t 519 ks wewer (RPsBime

igg@g;;?%ﬁgﬁouts Q‘Beﬁ%ﬁ gl 8?% fo? ru@ﬁ;?j R%%flﬁgte\é"‘?ﬁ %Eﬁniﬂént@}ef%io&.S Gn %H&’tgg%ggr y

ess than in the stat exanpl e above even use in a
pound tangwilonertty BT Mel5S0vie hn Al(EmbBH thdt has @ sieni kiibiPdiatmeg tusd weigbt. r'Bitd kilpwesty be

nore. In enbodinments that intentionally limit the size of electric traction
ot or 188 B D orPeiot g oSt B Abptary Bormpro raboGunants St - B r e

hi gher Speet, i bid @&b@&in%{,\‘daﬂgryuﬁ(ﬁisgd Eﬁﬁ‘iuﬁﬁlbngﬂ'yﬁ@ bﬁit&? th& s rh%e&elé%r
al ternate befween the ETM node and |1 CE node rathér nore frequently than

woul d kensige e§ sapipximately] BWVEHdeg tieiclkirage 3BKWH camgeitpllghjiunaen ebattery

oper.ational, d nds | i gher speed driving, .the. swtchi bet.ween t he
e and phe PERRORE L F bt EEHL S oy SRE ot bbbt oiekd ) dfy FeaRS

MOVi NG.apfibx@h&@RILORNG 615 50EHEndIEd GRS, IV WH £dtinke mnaZ&rﬁprlitﬂﬁmﬂgges

| CE 302 from manual transm ssion 122 during ETM operation and ETM 150 is

al ways waglph der e HIM AShiandi ohattepp 1V) avauiddemad ynonsyebidlel 10@ waighthload,

appr eci L 1 ha ' f t, ' hS g ' ' ' ts, is
ot cutspohdonnd KofaRid BIGRIES" 1p Wahe DrbSuiRaE, R ARHACUI, HHRGN Y

cl ut ch wiAghts of nwtdif LS0n@dbanay t70engebs ksothah iadsdtasd oxund@e abdva even for

' I2USt ru%g ?1? adS%EO%iol psougzi t%gto?-rtrral enrg\?erlrl?c% IE)(P)].atIn rsrgr%e lgrenbg i%ldentts? theollaging lnllja;[ycbhe 120
more.

In embodiments that intentionally limit the size of electric traction motor 150 and
corresponding battery 170, operational demands that require higher speed driving or driving
up a grade may give rise to a need to alternate between the ETM mode and ICE mode rather

25 more frequently than would be necessary for slow speed driving and idling. Also, where
operational demands include higher speed driving, the switching between the ETM and the
ICE operation modes may need to occur while the vehicle is moving. An arrangement is
described above in which clutch 120 disengages ICE 302 from manual transmission 122
during ETM operation and ETM 150 is always coupled to transmission 122 via PTO 140. It
30  should be further appreciated that this arrangement, which is used in certain embodiments, is

particularly non-obvious,, since this arrangement prevents the use of clutch 120 for shifting

among the gears of transmission 122.



depressed when di sengaging I CE 302 fromtransm ssion 120 during ETM
operation. An electrically operated actuator 412 (e.g., a solenoid) is
added to wehlnee4m90 and i s operated by signals from corCralS2ewsss9a8 160 to
hold clutch 120 in a position that disengages |ICE 302 fromtransn ssion

122. W d | ut ch dal, 510 wth dj t] 530,
Clui ch ar m ST GpAPAIEES BPGInT ity BrnssiRet b riay by fved [ ARIGASBIR 130
di sengags ARl V%bnﬁﬁ%ng%gllﬁg'lélﬁ B2 Béfh trRlAE&RNANOHIANR EIN o?aiaﬂ&nﬂ& j oi nt

538 transfers notion ink 522 that drives disengage notion 534 that
nmoves cAwtlettrigaliy Gdated hettatprd t2uierg,, agwhamoat) esadiicd engetgde o rotissPeratad

| utch 120 i ti ft 1 t i Ssion i.n haft 125 t
212 hadvaetins i PRl Ratesb il BTy RIS, SPauiBbheblitestiorey TR a
t he sengRaR traR@sis§ib®M22 VeHen Gh Wpehitdieldples®L QLiiteh FRRI §56 Rbth diRhPiocId&idDVes

as indicated by disengage notion 534 away from cup 540. Wien clutch pedal
510 i s 38 elatsbdrm;tl4opeigtassreund pivotingintiSal @ eyve lekh 42¢Hpib viesengade raeitanat or

412 is §hy . n e 1.0l pty & l: 510,54 S
depres sse% ; gﬁ héﬁég% rrg%%)seai uennd@ élgtn%J 1§ﬂn§g‘1§gié:1§} %Pa%%E glpoet{\;)égts ihn% i ? from
r et ur nithg drives tiSchi@Ee mofibh 534 tHad ioveOelu@hdrn 504, htih ¢lrnpgahatat&ldisenishde

remai n depressed. In this manner, an operator. may,. de{)ress clutch pedal and

sel ect ToROER( Rshich B20hselatingihaftde OdTae Hgayaiesion ot afddPssi on 122.
Acg@rding to i 0 L.LS: i ( re

ad gd togt heAégg%\O/Igﬂ%)g%sar? Qlfpl %ﬁghgﬁgeipg%eg’n%?a%i% par aga?ltgg[ﬂ Haogd]o{\?gd,gﬁéeg

f ol | owsengdgtdupdsarond 1 IVhica clotchtpebblys Heosudepdesatd, gnmt €38 movdshes ioHasted byof t he
vehicle,.at pivot . .point 516. An e ndabl e/retrac | e shaft .542 of actuator
112 | s GoaRmSTIT SR TONLE AROSHeBE RS D! hindc Sosd. EOHTY I 1| nics
520 andnpdPpd\dvd. SHI)&/bs%r,ei@facthﬁt%@qmsQJi% ! nﬁ&le?{d &Yﬁag@jlﬁfﬁ”ﬁz%o&)ﬁén
operation by foot pedal 510 while stilT enabling actuator 412 shaft 542 to
al so t rcdutshmipedali Jénigatgeravend; drensdaftt w2l ¢xtends 22dpgagdsvioing SSRafrevedting tiowar d

on et Uibr gt i BERGh: P o hame oIt Pl T CR ¢ C R el ™ o

cor r esganslisigarsbafd dpRedtéd @Ry Gb@Bal dutch pe@iltdnadlseR¥Sthe MTING Gnodd o) tief
heavy duty diesel trucks are accustoned to regulating an I CE of a

conventlCErdisengagrddiam trgnsgmissieny2hvoi d excessivel y high | CE rotational
e o e e S ) X T
r ecognitie cohemtivhe liflEes dRRMbepeedhbaardpegiinaioyeapy foiahs. amcupper 4126 | i ne
| gOt rlrrg{a?alb){y bs)e/c&rg(? a%uglileb leIeld stguphcé tc1r11aessilscoEf tcrl?ek%gflicyg Elth%tljxgot aggigtal5ll g haA\g ng to
us
extendable/retractable shaft 542 of actuator 412 is secured by cup 540 to joint 538 of link 520
and 522, such that links 520 and 522 have sufficient freedom of movement to allow
conventional operation by foot pedal 510 while still enabling actuator 412 shaft 542 to also
transmit disengage motion 534 to link 522 by driving shaft 542 toward its fully extended
25  position. Limit switches 416CR and 416CD may be mounted on actuator 412 to sense the
extreme positions of shaft 542 and send corresponding shaft position signals to control
system 160.
Drivers of heavy duty diesel trucks are accustomed to regulating an ICE of a
conventional vehicle to thereby avoid excessively high ICE rotational speeds, e.g., reaching
30  engine “red line” revolution per minute (RPM) limits. When accelerating such a vehicle, an
experienced driver is able to recognize when the ICE’s RPM speed has begun to approach an
upper red line limit merely by the audible sound the ICE makes, without actually having to use

a tachometer. When the ICE rotational speed nears the upper red line limit, the driver may
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a tachometer. Wien the ICE rotational speed nears the upper red line limt,
the driver mayswitch the transm ssion to a higher gear. To do this

oper at i onwoanideasy sonetinmes requires tenporarily di scecmastéimg3gobe | CE
fromdriving the wheel s of the vehi cl e by disengaging the clutch. As a
resul t CE rot.at.i onal eed is IIo d to coast dovvn to.match, e.,

synchr o“Pi‘i”fE t{‘%tralt‘%s?l?ﬁ {9 %I f 8F4%onk? I8 SRi8 PPaHatipheatl ?aéﬁé?ﬁlgtgp%%reﬂﬂlﬁiﬁ

corres R%ﬁbﬂﬁﬁl% &lsé‘bnﬂ@éﬁnghh& et ﬁgﬁﬁ&nwﬁg‘ tl@%?@ée'lseétctﬁg v@ﬁlbl\éfﬁy &Mé?ﬂgﬁg%% Yhd S
attuned to thée interaction of the CE and the transm ssion at vari ous

speeds ahiteln shewi ryuldothe 10k retehorell epeglich abewédto tcpasﬂfdocwn suahptethate.t he
driver

t onl Ly t k t downshift th

e r anonisver e ks PR oSyl P ol it B mRRY AR Rt popbifg tgea next
rotati aigher ?@ﬁedAﬁ REMrRhtQ@Ndriver fr@Gbdlly! 8 aftndiotthe in€REtdreoCthd ICH and\@gor di ng
to one enbodi nent e vehicle's clutch 120 operates such that |1 CE 302 does

not r ottenemEsiog|at V@m@ speeriscvieemdowing down the eishiglye dudhnasefpptrafie sudnibat

cont - Ol SURLATHAP RS AP Ay Sd S EOLNG: LR GTMRRAR: (hGaKaBh Sh 81 o) ut o

act'u resse 03|t|on and

t hus | GEE3&Atriltautedi @etstg@ggd Ttmnﬂhé rManswtasiohanspted r@gmmhtifohqm fdctlhtaxdalgby/ettu cle
wheel s 320. Consequently, excessively high ICE 302 rotational speed is not
an i ssue WLF‘e‘Hu‘@beratl ng in ETM node However, ETM operatl on presents ot her

prqll ems fory, 15 u

pr Bl et | OTARoRERY WRLLEHGUHIA, eSS, TN 100 ARROUILEIOE 303
whi ch Ebks 160rosaid aPalDoddOvdhasie 160 1$fu]|]tycdmgagm1tmrEﬂl\5(hmlhanncb sontealhsysicoal | y
engage o.tr nsm SI on 22 In Vi a gar PTO

e R S e B AT M e oo ISR e tanab L is T by et o
whet herycM@hral 8 1151-% de%ré@&‘%i d@sitﬂﬁ andl thsECEOHR 19'Eilsgﬂ-né§g€@%m HiHsBRSiH 190uUr se
transm ssion 122 is shifted to neutral. Various enbodi nents include a

vari et yandffrethtdsivineg ivetacle omlidetud 2. i Siossdquenttidicxcanively high IAE HAdrobGionalact i on
natjves. A batter power for the ETM node of operation

|
yl(3r aR'tﬁe Pt YL ST RRRSE lggﬁgglgﬂflﬁ‘gqe cell. A generator for recharging

the battery maycwer, FTBY cgféfatﬂ@ﬁ pRéseiis detehr ipsianan aant hoavp el WB0vhdrd thdhe
embodi ment where ETM 150 is a DC notor, a separate AC alternator 152 may be

mechani M1 lpOcin gaypigdtte & ﬁ@\tenmht@mr@ﬁsmmdaﬂ Wit & BIQekddhdceording4p aébupl ed
to the Cr{u&ﬁ‘” M8 Ma’t‘ Hgﬁ% 350 5LV 139- c1ibn Alt GENALET sihA2 118

thus be el e I’IC Iy “coupl ed arge battery 144 via a control system160

when t heecchehicallyeerdd@ed ® ﬂrernshﬂﬁdmom mfﬁhena/elgearl ie PIQD140yInchisremybodaheritncl ude
|ndependené% operabl e cabin co features, such as cooling, heating and
R

corfPenitBs BN {phdriyps Vb r@/ ogly ¥feregendiass afywWheher velitlecH0 & g. |

bat t er yop%?a@ing in ICE mode or ETM mode, unless of course transmission 122 is shifted to neutral.

Various embodiments include a variety of alternative configurations in addition to the

AC and DC traction motor alternatives. A battery supplying power for the ETM mode of

operation may or may not be supplemented by a fuel cell. A generator for recharging the

25  battery may or may not be provided independently of ETM 150. In the embodiment where

ETM 150 is a DC motor, a separate AC alternator 152 may be mechanically engaged to the

transmission input via a second PTO 142 coupled to the same transmission transfer gear as

ETM 150. AC alternator 152 may thus be clectrically coupled to charge battery 144 via a

control system 160 when the vehicle 100 is in ICE mode. The vehicle 100 may or may not

30 include independently operable cabin comfort features, such as cooling, heating and
convenience outlets that are powered by the auxiliary power source, ¢.g., battery 170.

Regardless of whether the ETM 150 is an AC or DC motor, special arrangements

concerning control, monitoring, mode switching, and shifting are needed to accommodate
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Regar dl ess of whether the ETM 150 is an AC or DC notor, special
arrangenents concerning control, nonitoring, node switching, and shifting
ar e needenoto0vedomodat eenbodi ments in which ETM 150 i #Craishe@miossaBs y
engaged to manual transm ssion 122 via a PTO 140 coupled to a transni ssion

input 125. FIG 6 ill tes .a standard 3 speed transm ssi.on 1 that is
used t & Oﬁiﬁv?%twhwl*@ﬁ;ﬁﬁéﬁa@dﬁ gl B %tﬁtrgam@fgﬁ%nab%%f AL
shoul d @) pRPERGIRAUSD tlafdhisGof pueis.onal HD vehicle will have nore gears.)
I nput shaft 125 is coupled to the ICE via a clutch(not shown). ETM 150 is

coupl ed to &IGr #ndlustratgearstandaidpupeschdhipsnliggon 132 ghatels usak do ofripliftan When
the ETM npde.is selected, |.CE 302 is disengag fro he 1 nput shaft 125 by
the of (BRI &1 EADF 1 800p e RS TETe P o Al ooy bETRRTEOEL BBlueh ac,
thes i teohOdrioasl HDPhicEAIT hdddmeRthchRe Tfudkhanats sReaplafto SaldE +a% i S
sensed via speed sensor 650. G ven the known speed of shaft 125 and known

gear r atytel(nof shomimdi HGM hel tsiroypleg o  ransferagpsf en igwa phadt 12y vapaivesiaber 122
and the f t -.of 40, Lfi t| e ETM
150 Bt oM e REMLRSE 8 e i Rag Rt RRL LsEad RO R i SRACESTY ol
602 i s thé giuethywldUPTdd SOacipips dirsdtBf doupRB. and transfers the rotati on of

i nput shaft 125 via gear 604 to |lay shaft 606. Cears 620, 622, 624 and 625
are all ri gilIBIM dafitepopstadajianaif rotgtss iapi shpft 125tandehe sefetional spgcd ofe

r Otl?t I Qg C}?@ 6edeRbd Ivf”aydﬁJt%ﬁ(E getlg$$65(ﬁe@ri§en6t%9 ;—lﬁngéﬁ ’sgg&ﬁof??gft% Ald ke

different dianeters an er the pote di rent gear ratios
when engagediosoinchidatgethanthbseof geatranstrageabd6 tiassmssiph el@2t ddothg hgears ofdl er

gear 625 to gear nd serves to provid reverse gear, for the vehicle.
it put TONA EE ST 140, QroRtIEa TR RRCHE LR IS B dvFEned £ PYigh
di ffereptipk i%%lft & xFldp gedd ratind G%%@O{sﬁgg%&ly' Suplcdl téeiﬁpﬁteihlﬁ?t' o3 4R the

road wheel s. put shaft 129 is splined a IS directly coupled to shift
col | ar sra@8@rsathd re@don shirfput slwifl &2 vieIBanneH B8Ry sheft ©O6NT iGparseel 623t

snitpe i e uhGA b9 T 6 NGRSl BUFLoRREECy T UL b1 g

gears Ga@hafi®6al Ges 62MoRQed20ahh 62 B IIrh&ordigsRaNdinmgtetaMmihalt ogRatise 620,
622, 624, and 626 (also referred to herein as |ayshaft gears 646) and have
bear i ng@tankiat ofadifistent sesn retios whent engaged g rasgfe d‘ﬂ@%@t geftiaf@ear 936 ispeupldng

col | ar 3 Q i r t IS

oper abisdél%gl hﬁft?)gdelgrs%fl ]faéél%nté %l:ég?% ?%r%ngggal%glﬁ#rgg@%%f e‘%%%p%%??o\\?gﬂes%hﬁle'l i nkages,
one of whi clOutgutdgpitct29dishwhetdicd®d 8tivd thel vehkeg oddowhédlo thrpudhddiffeddhtibl t he
shifti Qﬁq collars 630 %{ld 632 p,osiflli oned as shown, transm ssion 122 is in

"nedt r all (59t Khild apg fiusaptalasdp @, friod meighoR (& groad pcels. GBI sht A2&e by
ETM 15Qy,ih&iemls! ditddfy 2BUpIES RS sBif@EHaB1830 SiL63RNdniraYsihal b3@sRd 8352 etc.

configured to move laterally while rotating at the same rotational speed as output shaft 129.
Shifting gears 610, 612, 614, and 616(also referred to herein as shifting gears 636) are
always engaged with their corresponding layshaft gears 620, 622, 624, and 626 (also referred
25  to herein as layshaft gears 646) and have bearings that allow them to rotate freely on output
shaft 129. Shifting collars 630 and 632 are coupled to a shift lever (not shown) that is
operable to move shifting collars 630 and 632 by respective shift linkages, one of which is
depicted herein as shift linkage (or “rod”) 640. With the shifting collars 630 and 632
positioned as shown, transmission 122 is in “neutral.” In this neutral state, if input shaft 125
30 s being rotated by ETM 150, then all the shifting gears 610, etc. and layshaft gears 620, etc.
are rotating while output shaft 129 remains stationary (if the vehicle road wheels are also
stationary). That is, with the shift lever in the neutral position, shifting collars 630 and 632
are not engaged with any of shifting gears 610, etc., so that shifting gears 610, etc. rotate
10



are rotating while output shaft 129 remains stationary (if the vehicle road
wheel s are also stationary). That is, with the shift Iever in the neutral
posi ti on,wehixizmgocol | ars 630 and 632 are not engaged WCThISa009/08893&hi fti ng
gears 610, etc., so that shifting gears 610, etc. rotateresponsive to the

rotation of ETS notor 150 not t r qad eels, while shifting collars
630 and°®2SWoiuthe PrLiEBHd ?E&% ltna_tqrolgﬁﬁng b e 5ad Wielst SR g
rotati qoofhdfehd Iﬁﬁrté)fesﬂéﬁivesmrgfah&g of ddda BecB3th Pt B3 fothideof BP9 nif&t h”
(e.g., 627) and all of the shifting gears 610, 612, 614, and 616 have

mati ng Aol es" for engaging with the dog teeth. Shifting collars 630 and

632 are free, tQ slide al.gn ft 129 responsiv 0 e t of..the shift
Cover in or qutng fifatiige 233 shre Fdh SERT RSk B0 w AT G iRl §a% or
632 5engR09e61 0184 0indtd18 haké hiating “BE18d Sfob dithagRloCwitiBthe ®Bitédth Nhifild @1RrH30
and 632 are constrained to rotate with shart 129 by splines of collars 630
and 632030nad GRgagdrosgpishde alsmgshaft 129 xgspoghive te myvgaantsolsthg shidt kevehiye
bearin 1Lt t f t at f r,
whon  AED Myt fiB oSl g AEY o HTLBAS BN RS GRORH oSt ML
(e.g., #AR)6I0t be. sBuf shifmggetirsic30alnt &30 ardtinsaainbé to/ advate vathwhal 199t4yr ough
t he splines couEqug the shifting collar to dr!ve the output shaft 129. The
ot %{I cﬁﬁanesgﬁéf arf 8@flé;@éﬁﬁpgagz@pllgesmsaf%l%%dS?ﬁ;}lgﬁ%@a@%@&(’ Ot ﬁ%‘{_’eof the
shitffti r - y :

exalrrpl ggalgg rpé‘g%gi.ng'ltﬁéelﬁet or e,l}I F‘?atgg‘%{ G%t%p%sa@tgg%ct ed,eklg)%?%{uetn iﬁlg?tt g:sL29

r ot at escotlie6 ¥l @viddtis irnengaggnewenwilildsiiBthe grhald onél2)sthe shiifteceaas & dbdg/whaf t

ear 620.is . the smalle han. 622 or 624 and shifti.n ar 610 is |arger
Do G ivsing JanicR gyl oS hea Rl <P e e e ot e BV dhe o 8REET £ ¢
out put gh@afibor Ofl&tﬂo%ﬁhalsﬁ%@&j 0?%%%pu?@ﬁif@§@@qkd§etéﬁlﬁ}ﬂ\€ﬂﬁ tl%é"kéérirﬂﬁb B\F/\ﬁf({aen(ﬁlo,

612, or 614) that is engaged with either shift collar 630 or 632.
shi f ti mhifteaesar G-t 6hDngndotheveserespdniding hagslydhgear i thig tRample, gear ¢37%.

oBr v Ao B SRERRBERY. PRPAC AL ATRGIRR o horalo b RN 100

shaft k3dhtighdl spb&l bvauselagsHagdocahioh ingheGemiisr kA, 622t dr. 62ar #dr diifdih RGad r eel y
on output shaft 129 at a rotational speed determ ned by ETM 150 rotati onal
speed 1A it Kegar thyar@l2@ni0af. gear ratio. Wth transnission 122 in neutral,

shifting coldars. Qf at t .the. sp f £ whi ch
C0 G oot o e[ Rt P B36wiBA ALl iRl SRBEA P bl B B0fbhatSpced
t ur ni nghsth@kitesgdds to Mhidhhehiftoizateap @l0, SpRast ©If4) alutt isibngipad twitt2Sithes shidt

matched to a next gear 610, etc. being "shifted to," then dog teeth 630,
et &V arF@El%@%%{t@lgi WgieRshiddng pears, swHelking gewe@i@fmza gears 0y 69%@&@#1‘} the

produci PGy Wkt rStaliBMpES n@8&Mo Bedfiftched fhe LAREpdnbfIeRIihE SNl

shifting gears
Remember, in neutral and with ETM 150 driving input shaft 125 all the non-selected shifting

gears 610, etc. are rotating freely on output shaft 129 at a rotational speed determined by
ETM 150 rotational speed and their particular gear ratio. With transmission 122 in neutral,
25  shifting collars 630 and 632 rotate at the speed of output shaft 129, which is directly related
to the vehicle speed because the road wheels are turning shaft 129..
If the rotational speed of output shaft 129 is not matched to a next gear 610, etc. being
“shifted to,” then dog teeth 630, etc. and the matching holes in the next gear 610, etc. will
“clash,” producing what is known as “gear clash.” (Note that the gear tecth of shifting gears
30 610, etc. and corresponding layshaft gears 620, etc. do not actually clash, since all are in
constant engagement.)
Therefore, the problem of shifting gears is that the shifting collars 630 and 632 rotate
at the same speed as the output shaft 129 and the shifting gears (on the output shaft) rotate at
11



610, etc. and correspondi ng | ayshaft gears 620, etc. do not actually clash,
since all are in constant engagenent.) Therefore, the problem of shifting
gears i s whavowtheodshi fting collars 630 and 632 rot at e arCrhs2eanssIspeed as
t he out put shaft 129 and the shifting gears (on the output shaft) rotate

ata speed determ nedq by the input shaft eed and the particular gear ratio
bet weerf ¥P£§}§ ﬁaﬁm@égr @90@%8@%&%&% {?’Frﬂj <o Fitioghtwoq g
exenpl aJ)rPodt RAhFREE 8ldrd@10, Rt he ETM node, the ETM 150 is al ways

engaged to the transfer gear in the PTO 140. Matching the rotation of the
out put shaf tink®@ ekumhlacy embpdiowht vperatinghinf the M medet thpeBFM6 LYY, isetl wayy ETM

speed) requires, speed adj ust f. th el enent s... UP-Speed. Shi.f t.i :

P bt FiihG FE st T IS i Rae EhE Rerolitiod Bt PURT ALl gear

is Birghelfielkapt@y tRishifict @6 ubkeseat BEO, BIMEPM §RcOPRAE Pec@adjudhent of

revol ution ?er m nute (RPM to achieve a given vehicle speed. To shift to a

next hithesere S-requires the transm ssion to go through neutral. Vehicle

inertia wil lUIET-%.Qdaélﬂfﬁl (el atively constant forward speed during this tine

dependi ng on—gv—goée—a'rrci—érag. The driver at this tinme will renove drive from

the ETM whil@hspéddl shifeitg @aotrhedlyEddvhisadusingwet Rinaddeenidnn\ towdraaat RAirappl i ed

through its coupling.to the transfer gear. VWen the driver determnes the

speed t i gher
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charge a storage batte to reduce ETM 150 speed. Down-Shifting : wn
b f g GRTFRRY O LATGHERE  US SR el TS BB geTeNa Bt b OBY T g due
to trafhich GeMmdhidcans EIM tdfoWdvA &ﬂeﬁé&@lg%ﬂqloﬂc{i?%_ﬁpﬁl%%fo%%hE%@'gc&iél?lﬂ% to a

| ower shifting gear to produce added torque. i's case, a '
shi f ti rig thetiansfer gelar.e dhenethg dgeer dateintings the ispend afebe sutpot shaiftf 12% orebicloower

shiftin ar . ndi.ng on, whi ch.hi gher i.S,..present en ed to the
oot "SREPE mafpBBR AS It heRnthuSohi P ek TR roGu st SRl S IR A {0
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order to reduce the required ETM speed needed for the next |ower gear. In

thi s cadatchingethd ETMr infas at gapicrdprt moaqiand dpading i cupw desd Batect » styagso
r equi F 88t gitc;{eﬁggeld]?fﬂr%es G%Q;en down-shifting to slow the vehicle speed or

for stoppi Iver n to slow the vehicle
Down-Shifting:

20 Down shifting normally occurs when the driver is coming to a stop or slowing due to
traffic conditions or the vehicle load and grade requires shifting to a lower shifting gear to
produce added torque. In this case, a higher shifting gear is already engaged and the driver
needs to shift to a lower shifting gear. Depending on which higher gear is presently engaged
to the output shaft, the next lower gear options will vary.

25 In down-shifting to increase torque, the driver does not want to slow the vehicle speed
in order to reduce the required ETM speed needed for the next lower gear. In this case, the
driver is trying to maintain vehicle speed but to do so requires additional torque. When
down-shifting to slow the vehicle speed or for stopping, the driver wants to slow the vehicle
speed and may do so by a combination of braking and sequentially shifting to lower gears.

30  Braking reduces the required ETM speed for a next sequential lower gear, and when engaged
switching the ETM to a generator mode will further reduce vehicle speed while reclaiming

some of the vehicle's kinetic energy.
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speed and may do so by a conbination of braking and sequentially shifting
to | ower gears. Braking reduces the required ETM speed for a next
sequent i awol20ar4@gear, and when engaged swi tching the EPNIUS2@09488%38 at or
nmode will further reduce vehicle speed while reclaimng sonme of the

vehlcle s kinetic energy.|ln at st _so nmbogli s, ,the ETM node i s
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ratio correspondln a "low' or "first" gear. Likew se, gears 622 and 612
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ratino of,qt R6 ok Bisk hi gh gear. As stated before, gears 620, 622, 624 and
625bare goﬁgfengﬂm’%yshaft 606 and thus rotate at a speed proportlonal to
t he ETM 150 Getre62fi areld 110y whivh ageawayatigaged, rgeascnt 6@Rarantio 6@despoidigetar 610

is engage d 1,0 drive output shaft 1 t gear 620 makes .nore revol utions
bor Cun o her {Hih P aierRlasti fo? o0 TGRRCETY TR oL SRRy FHst

rotate Zgzea@t@m 4187613 5y ik Y@PLfoCorsREafd mlg@ oERT ISRRBEBefolt, FchiQWRD, gear.
Cear 6 is larger than gear 620 and therefore if gear 612 is engaged t

drlve dﬂﬁp6249mh625ﬂﬂﬁqnmhﬁHOQaﬁha@®Q6ahé@mmﬂb§3eﬁb&epﬁﬁvmmmwﬂ@m%t@@ﬁiun|t
es ear .61 wever, since gear 622 is
ggerq?ﬁg Séé% “@%ﬁﬁ%ﬁgha%%g 93692ap%? ‘e as fast for a give vehicle

Speed as whan gearc161R kg gagaae&hxteo otpuy 8hifk APHMB&I %Batoﬂt@uhal&@aﬁlbrelzg

t hus the conbination of 622 and 612 produce a higher gear (e.g., second

gear) trRgHugRIRMST 820 timecthe1 U ccﬂmaom[))r}g bfgggre%aar ég O ThueRbMgkW mastdeiaiee t he

transm o] O, 1] S 624

and 61 $[érqwr(r‘?lén %%I\X Tg%é %%eje&’o\?/%]%cgec? ﬁéib%flgévxg)s Yor g%&%”:‘t\'}/é;a??%gl Flegeg%g

When shichi 621!)hﬂlcatheﬁa”iareaﬁga@eﬁslzgle&hgﬁgba,totdnﬁemtmmtshasfham th&D géas (ﬂmamn by

t he gear 626 and 616 t hr ough |dI%> gear 625. Idler gear 625 is not driven
Zgny Iﬁ%kﬁé mate Evelubions parupaidime than ts corresponding bigger gear 612. However, since

gear 622 is bigger than 620, ETM 150 does not have to rotate as fast for a give vehicle speed
as when gear 610 is engaged to drive transmission output shaft 129, thus the combination of
622 and 612 produce a higher gear (e.g., second gear) than gears 620 and 610. Finally, if
gear 614 is engaged to drive the transmission output shaft 129, then the high gear

25  combination of gears 624 and 614 require ETM 150 to rotate the slowest for a give vehicle
speed.

When shift collar 632 engages gear 616, the output shaft 129 is driven by the gear 626
and 616 through idler gear 625. Idler gear 625 is not driven by any power shaft and serves
only to reverse the rotation direction of gear 626. Typically reverse represents the lowest

30  gearing ratio, however in this view the ratio of the gears 626 and 616 may not be to scale
relative to producing a typical reverse gear ratio.

In the following, a particular gear ratio is represented as the ratio of the ETM 150
driven gear to the gear driving the output shaft, e.g., 620/610 represents first (low)
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only to reverse the rotation direction of gear 626. Typically reverse
represents the | owest gearing ratio, however in this viewthe ratio of the
gears 626weardoweé3pay not be to scale relative to produ®CmgiSarowppsocsl
reverse gear ratio. In the following, a particular gear ratio is
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deliver enough torque to the output shaft 129 of the transm ssion and may
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gear (shifting gear 610, FIG 6) is engaged. Locus 361 illustrates vehicle
speed \tb¢ supuETMLT 2% ef Bedransmisspnyindhmeh ecquitg wslerang dhosecenet 1gwate.-§.gear
612, FI g rgﬂggﬂﬁd. Locus 371 illustrates vehicle speed versus ETM

rotati onaﬁ speed w'th the transm ssion third gear (gear 614, FIG 6)
engaged. Fl GIG33 & s @raph@fisclationspipsantoaf athiokadpesheed rbddwhed fatativhigelr may
correspond . to a speed limt for PTO 140 or transm ssion 122 of FIG 1 or to
a BPeakalsaion 3pg @El\%rﬁ@@anaﬁ ST ED3S 1Ai1%ra§ff§o‘<&§wéﬁ Wepq Hepes BIY retaiongdry) 150

W th theeddid Bed88¢ whdRAhe GlfishlsSGon HrsOfeat Mehiftr@ At $$60.0MEWAIRHzaged.

Locus 361 illustrates vehicle speed versus ETM rotational speed with the transmission second
gear (gear 612, FIG. 6) engaged. Locus 371 illustrates vehicle speed versus ETM rotational
speed with the transmission third gear (gear 614, FIG. 6) engaged. FIG. 3 also shows an
25  upper rotational speed limit 377, which may correspond to a speed limit for PTO 140 or
transmission 122 of FIG. 1 or to a breakdown-torque speed for ETM 150. Also shown are
limits 375 for ETM 150 with the third gear (gear 614 FIG. 6) of the transmission engaged.
Limits 375 indicate a range of speeds for which the ETM is capable of delivering sufficient
acceleration when engaged to the drive wheels via third gear. The range is a function of
30  weight of the loaded vehicle and the road grade on which it is traveling, as shown. A similar
sets of limits 375 apply for locus 361 where the second gear (gear 612, FIG. 6) is engaged. In
the illustrated embodiment of the invention, ETM 150 is capable of delivering sufficient
acceleration throughout the range of speeds for the case where the first gear (gear 610,
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Limts 375 indicate a range of speeds for which the ETMis capabl e of
delivering sufficient accel eration when engaged to the drive wheels via
third geawo 200ve12s@nge is a function of weight of the | oadedSe@hiosdsss and t he
road grade on which it is traveling, as shown. A simlar sets of limts 375

apply for |l ocus 361 where the second ar, ear 612, FI ), 1S engaged. In
the il |F§9t Phtsedieasio 4P AR ftc BfaiCRY PhERR O ST wﬁ@agm focgifon or
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case where the first gear (gear 610,FIG 6) i's engaged, up to the

r ot at i geatrabloeettbn drphepe377. Note that in FIG 3 the location or shapes of

351, 361, 37 7 n /7 _are not .necessari t0,SC nd are only.
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gear when shifting gears il.e accel.erating. However, when downshifting, it
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are designed to provide the illustrated repeatability. For exanple, in

traf f i cloavnshiffiiing, 6t &f adnt hardert t brtehl B rethtiaral aped @rahafhgenist 416a thiagh
gear. 636, engaged to the output .shaft 12 Then, . after sl ow ng,, t.he vehicle
oy oneedn I BT e b e B R E e e S e o e R PR dpbohed Brer
gear r grb@AdOihcangagitdidcpeatditygears 636 (e.g. ,610) with shifting collar
630 to provide greater nechanical advantage. It would nost |ikely be

coi nci dent alFor grampls, inethifEiF @ vspiskoften ave bsistored afige Acoelpaatingheitieg fgh
tati 0B i it ip the. fore, i
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speed matches shifting rpm 210 shown in the graph. Therefore, in traffic, the driver may
need to shift to neutral and adjust ETM speed when confronted with a condition that requires
acceleration, de-acceleration and then acceleration. This condition corresponds to “hunting”

25  for the right gear 636 to engage and the right ETM 150 rotational speed.

FIG. 4 illustrates the correspondence between vehicle speed, gear speed and ETM
rotational speed. FIG. 4 is used to illustrate the above mentioned complication that arises
when trying to synchronizing rotational speeds when down shifting. The shapes or locations
of 351, 361, 371, 375 and 377 in FIG. 4 are not necessarily shown to scale.

30 Suppose the driver accelerated to speed S3 (ETM rotational speed R6) by sequentially
shifting until reaching third gear 614 (FIG. 6) and then was required to slow down. Assume
the driver slowed the vehicle by braking to speed S2 and then decided to again accelerate the
vehicle. At this point, the third gear 614 is still engaged and the vehicle is operating on locus
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rotational speed. FIG 4 is used to illustrate the above nenti oned
conplication that arises when trying to synchronizing rotational speeds
when dowwehnd%izm9 The shapes or | ocations of 351, 361PC3AB2008/M389asd 377
in FIG 4 are not necessarily shown to scal e. Suppose the driver
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second gear, the driver would have to go to neutral and then adjust the ETM rotational speed

close to R1. To shift to first gear, the driver would have to go to neutral and then adjust the
ETM rotational speed close to R2 which is considerably higher than R1. All three gears may
25  allow operation corresponding to speed S1 for the vehicle since the respective gears’ limits
375 for acceptable acceleration and the upper rotational speed limit 377 are not exceeded.
However, first gear 610 may not be a good choice, since the required rotational speed R3 for

the ETM is already so near to upper speed limit 377.
In the case where the driver brakes to speed S2 with third gear engaged, it is
30 important to note that at speed S2 the ETM 150 has very little additional capability to
accelerate before the third gear motor speed locus 371 encounters the third gear one of limits
375. Thus, the second gear would appear to be the better choice since the ETM has

additional capability to accelerate to speed S3. This further reinforces the need for the driver
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375 for acceptable acceleration and the upper rotational speed limt 377
are not exceeded. However, first gear 610 may not be a good choice, since

t he requiweaoenaisvonal speed R3 for the ETMi s al r eady PEO/Use@w/0889381pper
speed limt 377. In the case where the driver brakes to speed S2 with third
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traveling. Sensors 742 and 744, therefore, provide information relative to
t he anoghtor dft2 thet guwopartenahie thepyshigha logd prctia signal Heony epfianabingheenefes, 144 t he
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appropriate for a given vehicle speed, vehicle load, and road grade. Switches 746 provide an
indication of the present gear that is engaged (e.g., 610, 612, 614) and thus speed logic is
operable to determine when a particular next gear may be shifted into from a particular
25  present gear.
The fixed gear ratios determined by the exemplary combinations 620/610, 622/612
and 624/614 and the PTO gear ratio enable the speed logic 705 to determine the rotational
speed of particular gear 610, 612, and 614 for a given rotational speed of ETM 150. That is,
for example, shaft speed 125 (which has a fixed relation to ETM 150 speed) x (ratio of the
30  combination of gears 602 and 604) x (ratio of the combination of gears 620 and 610) = speed
of gear 610. Likewise, speed sensor 652 allows speed logic 705 to determine the rotational
speed of the transmission output shaft 129 for a given vehicle 100 road speed. If one of the

shifting gears 636 (e.g., 612) is engaged to output shaft 129, then there is by definition only
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present gear. The fixed gear ratios determ ned by the exenplary

conbi nati ons 620/ 610, 622/612 and 624/ 614 and the PTO gear ratio enable the
speed | ogWo 20@5128@39det er mi ne the rotational speed of parCirast@w/og®as 610,
612, and 614 for a given rotational speed of ETM 150. That is, for exanple,

shaft speed 125 (which has a fixe to.ET 150 s ) rati o of
the corfBreiCERPIIF Feity b %"3%4§+]§(][ &gf‘?t@)tl?ip %}ﬁjbﬁﬁa‘fqhbcge &*aear s
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onl yond iR b hiivd Berast (78 TRE cPRRrapd@rhior e e o ol SpEEt and
the5vemme150<aaavélﬂ@@qOoEQeea%ftheln@hogear next gear (e.g., 614), requires
that transm ssion 122 ]%o t hrough neutral so that the veh| cl e speed can be

sl owed or tHenlFTMO1BTSIO6T sechaiied cxipfet sbHfinpeurppftop: framet yoweicgaded or
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scenar i(slowengd 6t géraatiii rhbten@rqmp) Sihért iypghifftirgmtiee mw&rnage@eredtdf ETMi pgoer
gear (accel eration sequence) and down-shifting froma higher gear to a

ower deast afvaays ke sl9 f@%épéquWgEWrsée@cdd%oﬁf&&)ondméﬁ aLPﬁcS§Wi ﬁfntgagrgi ZPhHE
tat | y& d
rotgt i ong uéﬁ?ﬁq %fee(ﬁ-g%ésﬁgn&mégoe g gea eegetos’de %\fg‘ég E%@enpa{c%gl%&ttlngg%sr)ee

correspon ing to a present eng toaf speed cor ondi ng
to a nehiftiggiarit {soinyorengagebift Weetmarsocsier 421 mgo(nqns’a] fad itheg ) the iIRTMs150

inmportant to shift t etran sion.122 into neutr t hat, the ETM 150
b at | JRGHORSBIr Y B eR SRR CSER it ecattid RIS RO veni cl e 200

speed | n_ong AERAGOIRAY. hOE TR W 2RERY DAY ARkHordikRadist rfﬁmea& th%!;eﬁto

indicate a present ETMrotati onal speed between a range (e . That
| s, | ogﬁTM?toatlpeaiepe@sb@we@da mngnéet gf, Dol s eflwois, 650c a@uﬁrqcswesamebd atgedl

I et b BT R L RE R iup ek R Re RS kPl Y A e,

vvm ch iprMcEbed réshemsittly Buthlt a JibRalFoe&Rhg MEMatRtADItdaLh BPRRde, WhichROr t ant
because with known gear ratios It may be used by the driver to estimate

r ot at i oagled Sieeed® lﬁ Theepreseat GilNLeptationpk scedyisgeppean decquse Wik kapwadehiogi ¢
705 to St?ésCH'é‘#fb% t&?édeb %eeﬂﬁ% t§' eﬁﬁ&a?e% %1%&1&1083% dsngﬁl%OlﬁﬁtV dd Sluar SR8 g ;Bf‘

vehi cl e prese he dr ver vm e veh rrver
to | eargeamid3bp (61615}e$1ﬁ6@93gﬁd)7(BTt80mhMeth5§b dpktds). 1) speed i ndi cat or 710 and
conventi onal speedoneter 720 what speed of ETS notor 150 corresponds at

varfous vehidre sorycapemdsspeesonmsier 4G of Jhalvebiske aeesetts tthe d&her iy thiear s
636. ThRhiciS100Aped, the driver is able to learn with reference to ETS motor 150 (FIG. 1) speed

indicator 710 and conventional speedometer 720 what speed of ETS motor 150 corresponds at

various vehicle 100 speeds to the rotational speeds of the shifting gears 636. That is, at a

given vehicle speed shown on speedometer 720, the driver learns to select one of shifting

25  gears 610, 612, etc. and manually adjust rotation of ETS motor 150 to a rotation speed shown

on indicator 710 that causes the selected one of the gears 610, 612, etc. to match its rotation
speed to that of its corresponding shifting collar 630 or 632.

While the above described use of speed indicator 710 with conventional speedometer

720 is advantageous, its usefulness may be limited in certain situations, such as the

30  downshifting situation described herein above in connection with FIG. 4, and for certain

inexperienced drivers. Accordingly, in another embodiment of the invention, additional

indicators are presented for the driver as shown in FIG. 7. As will be explained herein below,

indicators 721, on the one hand, and indicators 731, 732 and 733, on the other hand, may be
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gi ven vehi cl e speed shown on speedoneter 720, the driver learns to sel ect
one of shifting gears 610, 612, etc. and nmanually adjust rotation of ETS
not or 150Wwoco@/naei3at i on speed shown on indicator 710 thaCtTase®es3tbe

sel ected one of the gears 610, 612, etc. to match its rotation speed to

that of its corresponding shiftin ol lar 630 or, 632. Wiile the above
descr | BB 48 éie_&ﬂrmg%e@ O Aheh T %%@ﬁn@ﬁg%ﬁ%m@i m?p%%é%mairsp%’o is
advant ageeHsined 1Sy IS UL IESPedBYioP 8ol BhiRd 1R G@bh@ishaffi 1aljhls haguch as
t he downshifting “situation described herein above in connection with FIG

4, and doorespedingi mtatinexd peedde(dedmuet bgnshicke HHY shiced)l y(Indigatem B héB3 may
enbodi nent . of tge i nv ntipn¢ addit%onal 'qghﬁators.are %resapte fqg t he
dri ver ‘A& ThBHRCTHCEPENE70 VRsioly Foadimenty o e 40 YRRHER Andarois® FAE<hicor s
7215 omctdiga@R@idandaognd indicators 731, 732 and 733, on the other hand,
may beused to determ ne when a next gear to be engaged has the appropriate

rotational dpeddngeeddnnenseef thy sEfmgIgdlaspeyr ¢33, thovwsheltiga geams K80 datafput
haft 129, whi ' t at i . i hi cl
sha ]f?e&)l;)"@\l( ﬁ{% ﬁ@t%h&?[}%ﬁ_ﬁ@%ﬁl‘ 1%)9/&‘[% %@e&ééﬁﬂ% gﬁ@&%&j%éggtﬁég}%ﬁg‘t@eel%tﬁ%nXF Lche

100 spee ors ma er ‘a 0 various
enbodi npa¢dEoPETMNES(. Ve Bliiftaitain theatrd e hsalstekaswachdna patiailir ssftinggeat or
730.) Until engaged by one of the shifting collars 630 or , the shifting

632
gears 636 hepraowlippaebgedthat matches ParosHanal spoy efiruiritishatt 1 &9 gpdshiffing
respectd ngsdéf()ecéﬁd QS@QPO'TB%I‘%EU% Rdib6rs 93 RGP c§1‘?&ﬁtq%i %% &\én%ﬁgs&gg@hes hift

t.
gears, the driver needs t now en a particular shifting gear as a
r ot at i an@kiosgiepceds hatrmatited vesr § engedt.at, il thmp eedespbndsub phit sshafdalcl®9 and
shifting collars 630, and,.632._Therefore indicators 1-733 are calibrated
to pr eégﬁﬁpeﬁégbeéewgéy ﬂr&l%?ro@k s Patdhnde Pf%&e@%? @H}%@%ﬁw&épﬁf
0- 1_0) tﬂ?é’stenfcﬁrﬂyeﬁlﬂ%ﬂﬁ 130, Td}eex%ﬁfﬁ?e, shdlifdidsted ffat $RE e@ro?%ﬁﬁ%iﬁ% g@éf 612
i ndi cator 710, "so that if the speed presented by 710 matches the speed

pr esenttady matéhed il b rts 2E&2¢spboding g gecollah30.i MbdtostlegictMatretdness spessld  of

SEHERT T N IR

cal i br &b@tﬁoﬁeﬂ%?ééﬂs Ter §ftigPicatl 61® tdicpshsvangsutpht £ A5HQ %P AasE MgdicMéational
speeds for shifting gear §10 to responsively output a si%ggl to drive

i ndi cattbiougBits rangeyhich issscpigd diom Gk eh Likewisal loaicf108ris crltbertadaccprdiegiose, |
001 . IO AL, B CQLNGdf, IRESAAT SLILOCH T aRAGOL Ok ESRONT! NG
rotation speeds for Shitting ear B12 1o Te onsively ou§p§? a signal for
dri vi ngespodsiealy@utpld2d signadghirivirg indivgr 78D itabuglsitatage sekickd ils@ssaled o 10.
Li kewi se, the sape applies for shifting gear 612 and indicator 733. In a

si il arTTBHP o, Lot theame applissdor viditogessr 2endidicdedld zed to present
the rotati ongl, SiRARH rthidbBtur SHAT ipckdin@¥Rbr 321 ARk Elesch® td 001 €

705 recei ves spee
rotational speed of output shaft 129 over a range 0-10. That is, logic 705 receives speed

signal from sensor 652 and is calibrated according to a predetermined range of corresponding
rotational speeds for shaft 129 to responsively output a signal to drive indicator 721 through

25  its range, which is scaled from 0 to 10.
Therefore, the driver may visually match a speed indication on one of indicators 731-
733 with the speed indication of indicator 721 to determine which gear 610, 612, or 614 is
suitable to shift into from a neutral position of transmission 122 while the vehicle is moving.
In addition, speed logic 705 may compare the calculated speeds of gears 610, 612 and 614 to
30  that of shaft 129 and select a gear 610, etc. that has a speed matching that of shaft 129 within
a predetermined limit. Accordingly, logic 705 ouputs a signal for a red light (e.g., 735) on

cach indicator 731-733 to indicate gears 610, etc. having speeds not compatible with a
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signal from sensor 652 and is calibrated according to a predeterm ned range
of corresponding rotational speeds for shaft 129 to responsively output a
si gnal towonrbee2iesdi cat or 721 through its range, which iPsTAS200003898%m O t o
10. Therefore, the driver may visually match a speed indication on one of

i ndicators 731- 7 speed di catio ataor 721 to erm ne
whi ch g¥&enEEPULE ﬁéft Mﬁfﬁ asﬂg%aég?rea gI5e) gkﬁtt(%gn?"ég} ﬁodﬁﬁlﬁatﬁéﬁi‘frsg%’

posi ti Qﬂzo&ctﬁa%n@rgpeédsqraaﬂa%cmmlet\bﬁh Vgl elogypk&. moVing. I'n addi tion,
speed | ogic 705 may conpare the cal cul ated speeds of gears 610, 612 and 614

to that of sHaf ﬁollmglgawqu@eb od tOparagelasr mgy ¢ fellgwed waen haehétu@eeﬂdmmehl ng

t hat of aft .129 wi,t [ mne I ingly, logic 705
ouput o ATE G P s Oy T g B ol fathaen y T8, 2y AEESG 20 o 9915735 o
i ndiscat e geayp-S&ifing: qy@allﬁas/sbagteamﬁﬁpl&caeﬁau@@rrpatI ble with apresent output
shaft 129 speed, and a signal for adgreen i ., 736) to indicate

gears 610, @12he piegent gEanplg. i prewssemed that ﬁluee/eg@lﬁpmd ipIstartipg O@W&fpt ingfprst
speed. TQF%LtgAnW% ﬁ%%%f‘%%y%n&p%ﬂha{)&% ¥e1bsef1|fifi8LILtQ%g Ve icle

C.
up- shi f% S|n roI Icators

710 7 2dheatydmadB 0c ubdt. Shiif hlsﬂ@ssuﬂ&‘ld&hhtythaﬁﬁl@éﬂ lwseﬂwwhédltoaﬂleﬁmahbwandl n the
present exanple it is assuned that the vehicle 100 is starting fromstop

in firsergEn dnght idspisserethe) clutsBuiey discngagy andi hold) thgelrE disensaged fem ver

f
f Ealg)l tC Ihte Iis\%/’i;oglu Zfsosj\tfvlﬂéte gﬁ@% tgﬂc%ﬁ% %@E}T Iﬁﬁglogem ggsftr%saf)ea?\l g}gy&%épr essed

the cl utcctetamr giedalngbigh samt hsigdalt toetht CHMicortiglagstinf it Gintd npplg masisory 122.
The driver shi on |nt first gear and de ress

Accel emNGF PRGN R oL 11 Pl ok et i BoE S, e DB o
apply 'ﬁ@ﬁfe?aﬁlef&g RAWEhg tRe Rz@lﬁcl%TMOléQed-EB%EEMer OA@tsbﬁ@adouﬁptﬁ@dETMCfﬁ)ases
in response to t%e app%led power, thereby causing the vehicle 100 speed to

i ncr eagetatignal spes! (jmilimted bg 7EW}\/ml$(be rabbet i dnsitedsipeddndicatihigcthatete byhmH@O)

wi I.I. be abpv limt indicating,that the vehicl [l not
ol noBCaE L SRR RS tehosh B R W bo fneldS b S PREE aithi il

suf fi cirgR! udlads@he M sBESidie shified $dTh Sfhengdas (Shi §18d to a hi gher gear (e.g.
612). The driver next shifts to neutral in preparation for shifting to gear

612. | nst antBigeckivry naxheshifis atoi gwairals peepreppratienr fog 1 shiffiec He s gedie 012

ot or NG BREES, Plhe kAL SPEIo AR AREWEERL GE fofighalidi o ?55@@%%% i ver
has | ealrzeecﬂdfgremm (rutatigl ana bded dettimlned thg ETL] 500 is ating dagasthar hﬁpetby
reduce&gﬁliﬁee%of the | CE when shjftin froma | ower fgear to a hi

gedd. ke s feiencslliem deingray 16 B wdile &7 cipfh o terast ESIE?T?
al ways r@&'&%gﬁéjsﬂegd bf %ﬁ@%ﬁéﬁr&hﬁfﬁﬁg flofifa lower gear to a higher gear. With the ETM
mode the same action is required. Since ETM 150 is always engaged to transmission 122, the
transmission loading will naturally slow ETM 150. In an embodiment of the invention, ETM
control system 160 also automatically switches the ETM 150 to the generator mode if speed
25  reduction is not fast enough. The driver then waits until he has an indication that the speed of
612 matches the speed of output shaft 129 to shift from neutral to second gear. It is possible
that the driver wants to shift from first to third gear. In this instance, the driver simply waits
until ETM 150 has slowed sufficiently and there is an indication that the speed of output shaft
129 matches gear 614.
30 Down-Shifting: The driver either wants to slow the vehicle or increase torque at a
give vehicle speed.
To slow the vehicle, the driver may apply the brake which reduces the vehicle speed.

If the transmission gear is still engaged to the output shaft 129, then the control system 160
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transm ssion loading will naturally slow ETM 150. In an enbodi ment of the
i nvention, ETM control system 160 al so autonatically switches the ETM 150
to the gewenratwn4mdwde i f speed reduction is not fast en®aghuiS200kbe33958 ver
then waits until he has an indication that the speed of 612 rratches t he

speed of output .s to shift from peut second, g Lt .
possi b8} A b i E&L? ﬁlﬁ\&aﬁbg BBSTRT ROy MF&?@W% hvelﬂ@ aged WhiTG h s
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there is an indication that the spee out put shaft 129 matches gear 614.
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whi | e r@@@hﬁérth@]@e%ﬁﬁomuttslhéﬂ\léﬂia‘ttlhé praspiitvickickni@eefy. I n either case, the
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so that the Sp eed e I'n a ne ovver
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(e.g reen light 736) that a next avail able | ower ., first or
second)hglEMt Fprasxepuding agpadmuguREM ligMat Switthesay4q I%P W%&eﬁpee@lelﬁgm W3speed.
Wh S r I

dr ﬁ?er hufdﬁ Jéllé %%%I??Sﬁg%g%glﬁ/d%%%%n?m t%l gg%?glgnsetg?t Egﬁ%\é %&%g 18}?lowever it
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Switches 746 indicate to spe | ogi ¢ 705 whi ch ear | S pres A aged
P b SRR EhiTs ot AR e Pogrer Tosid herla et

appr Oprdct%l’? tBfaRE Qvﬂehgllétdeml?@sf &fdﬁlo%gl foﬁrdlLfég Fd?te’ilaﬁlﬁlét {fethe Vmbl‘éhs hﬁ)%fg gear s
are possible at a given vehicle speed hi s manner, the driver would be

able t qoadectuéqrmpm anldathe duvérg appronclives Wgeade led degdwetélamidlntmn@h@quueowdﬂue

For, .ex e i S nov artlcu I spedadthe driver
o 3opr Bt o BRI Pl RS AL RS ot BB RS Mo
the | ghitifou®Bxdchgink BV sPeR 1St UlnCkhisndh& ah@diiverandyeshift ivRtutes dinceast be
engaged wi t hout exceedin (g ETM s Ilfpeed limts. In this case, the driver may

shift ik reeationgll speechanetice Skt atlaveosrar wisadhe ancators shewi# partignlar | ower

dpeed O eHEt R RLRS RO SHeF oERlcig il Shatt P2 o AR RS AL MR UER S o
no | OV\EShO@&BﬁtSlO&b@GngHaTSBdIE euladbldiatwai’maﬂdrairehmﬁi’ﬂpeéd} tispdrvtr nidyeaisebrakarg may

use braking or switch the ETMto ener at.or while a gear i.s engaged
unt0l - Prgvdeh the RM todkg geeedorgm %wargwgaggf pYdst gren Bghtdnicaigsy

vehi cl & {RERver gear is possible at the new Vehlcle speed.

In another embodiment, gear matching indicators 730 may be configured to indicate a
difference between the rotational speed of a shifting gear 636 and the output shaft 129. That
is, speed logic 705 computes and outputs a signal to indicator 731 responsive to the

25  difference between the sensed speed of shaft 125 (which has a fixed relation to ETM 150
speed) and the calculated speed of gear 610. Likewise, the same applies for indicator 732 and
gear 612 and for indicator 732 and gear 614. This case may also use a normalized range
(e.g., 0-10) with the red light 735 positioned at the top (adjacent to 10, the maximum
difference indication) and green light 736 positioned at the bottom (adjacent to 0, the

30  minimum difference indication). In this manner, the driver always has an indication of when
to shift from neutral to a next gear.

In another feature of the present invention, the speed indications may be presented to
the driver visually or audibly or as a combination of the two. For example, such a speed
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I n anot her enbodi nent, gear matching indicators 730 nmay be configured to
indicate a difference between the rotational speed of a shifting gear 636
and t he owOpowy/hesbt 129. That is, speed |ogic 705 conpRCeaISand/0s898puUt S a
signal to indicator 731 responsive to the difference bet ween t he sensed
speed aof ;.shaft 125 (which, has fixed rel at.i on, t ETM 150 speed) and the
cal cul dPEgaIBEY r%&é%rrte%reua@’ KeUPE! FRENG AE (RpPPEIn . Dntl E09%r 732
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i nvention, the speed indications may be presented to the driver visually or
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may be e I Fl
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speed. Such a speed indication alternatively or also pay be(gresented as a
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speed, ereas indicator 710 presents a al dri t hat
corr s ilac T one: sretsd ol roperie BrEo it so0 o SEbend: M ment

of the trdﬁMﬁﬁ%ioﬁnlzz' rﬁ%l B@Ex@h&;t?a:ﬁ 1-TH3BisPIRKEN5 s ngg‘i@lsﬂ%%% "'&il&a‘?or
rotational speeds of Tespective ones of gears 61 612 and 614 at th

cur r ent732oém exhmple, B3pomypeci the currttigoatgpeot shafelgfeassgmamd Wit the cweneet

ged t h res ve shifti col 632 eve hou

dam obd whog 730 a8 SREEY I Sl b e S PE s g 8o, EEFeeBE e 688 Mt 10
send l ruéhrb@iarmbn&%earﬁ 802 exd@opd)es (ra@cs@prhelcmbmublhef &Hr§ 671 andDé Bl nthef
shaft 129 associated with the current road wheel 320 or shaft 129 speed

si gnal lﬂdlérrpééi%nreswaémfdath%tcporresrmdsrweletseef{dr@m thagif 1 25heodd bsitwatigon of
gears 632&)9% Q%QER&OS&% el géeehhc?s 1?34?8 B34 108 o, ﬁ%%rt% ?ﬁﬁm ”901@%@%0 SO

t hat i ndi cator res en speed correspo pee

shaft Nkewigell artc&ehﬂgwronuhmgerﬁtbodﬁméntt tie @ufer @plics adnidoser 73nerdrsa&20 dndgear
612 were engaged to shrftr&g collar 630. Likew se, according to this

enBddi iy anck allag 630s ang friindicater 733, grarnpt andl4, gadellag54l.and 610, and
col l'ar 630, @ndefafid én%'dﬁﬁ&ff,rmzfﬁtoré}?ﬂr%ﬁl%éy ﬁfé@exﬁJsﬁeedad}ﬁet%ﬁ&ésarThgg’ls, ;

logic 705 computes a signal to send indicator 732, for example, responsive to the difference
between current rotation speed of shaft 129 and of shaft 125 as if gear 612 were engaged to
shifting collar 630 even though transmission 122 may be in neutral. According to this

25  embodiment, as well, the same applies for indicator 731, gears 620 and 610, and collar 630,
and for indicator 733, gears 624 and 614, and collar 631.

In one embodiment, the control system detects the transmission gear in which the
vehicle is operating since operation in ETM mode is best if the vehicle has one of the
transmission’s lower gears engaged. The control system also detects rotational speed of the

30 ICE, e.g., revolutions per minute (“RPM”).

A conventional vehicle control system 160 may already include sensors for detecting
gear position and ICE rotational speed, in which case additional ETM control devices may
interface with these sensors. For example, since about 1993 heavy duty diesel trucks have
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In a related enbodi nent, indicators 731-733 may present speed differences.
That is, , logic 705 conputes a signhal to send indicator 732, for exanple,
responsi Weot200%12¢03di f f erence between current rotation speaasedoosbsBs 129
and of shaft 125 as z/gear 612 were engaged to shifting collar 630 even
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vehi cl err¢ sypopdy ané¢lndpdsirressocaged withdhe EGMENN. ndldenitsvehe she ETMtdeatrelsmiay e has
one of .the,transm ssi on' | r. gears ,engaged. The, contraql,. sysfem al so

St oot aiIEgd R BRE] SRR fop Rl SRS DRAT AN SRSl AR i Se OB )
A cgnvephi@idhalehcRided 6Oprt Of, oS ihsdseviated wie tid E@adgoi ncl ude sensors for
detecting gear position and | CE rotational speed, in which case additional

E'tI)'M control H@\/E@és:omgl. $otyteat 1 el ecliider Cﬂﬁéﬁfloglénslb rag.emi_mdirésmnthleaon@plgc;a
A e SR R R e

Icates over a erlnsnt,
ETM condigmals fiemithe SerisBisedridanepuii cdnirblesidndidiso iéidesdankeRTMORadh sensedtsr t hat
are typically included or associated with the ECM 350. Alternatively, the

ETM corflevses (ony clpichiagaigtoaddel Besneine! fogic drecdrendigiopahitereobiperaticknal
stapes hihoRdde tthotﬂe &0 S%@gorcggl\éﬁéé%&ﬁ?g%%%téﬁ RE 4l tisz%ﬁ?sﬂ Sﬁ%lsi\%r tg M

associ atron wt the E ntrol system I nc es control
| ogi c. detecting érlnpdiatendl, stdtdse control | ogic 160 may include an enbedded

processor (not shown) haying |/.O ports that receive signals fromthe.
Bensor s and BanpiemebR Rob Cbrgfign B b opiad S v 4l Sk RS ua or
devi cesy 8ofer g&ir ‘é&.gt‘ fRGL U3 oY) addecGORkibRAI g &f t@l@_tléﬁt%ﬁ)z%’%g@w onal

states of the vehicle responsive to the received sensor signals an
gener at @90tRMoutpetcondigomlis ideals oo ropiexagion an dlet EEM nmpde hdndhercasd, aatrol

states., I.n an exenpl a | CE oper.ati nmode, the control | ogic. my..detect
Thar ¢ Hesl P RIeTE oty g S Be R 508 sl SLhbSuo BT Bl ne
rot ati an@ETSPERMEe Of clsé ?_eﬂn@Eth%Qﬁivbﬁtot}@ln@ﬂ&r FEQBDthBRVE opbiasios isdietth @x FEM deal
for operation in the ETM node. In this case, control logic mai/ activate

1

out put Taeds: ceanvsrschhél BT RPRienitiogir seysss Bt pendstiamserre Aol wivkinitealimjts ohither into
e STl LSRRI LI, T R0hP, LRS! Al L gt 11
condi titheETa modet within the limts of the ETM node, the ETM control
Sy Y R b dimant: manually ransrring o e ETM made o operation from e oo c
ICE mode comprises the following sequence of steps:
1) The control logic determines by analyzing sensor inputs that the vehicle is in
an operational state that is suitable for ETM operation and enables controls
signals that facilitate the mode transfer.
25 2) The driver then depresses the clutch pedal to disengage the ICE from the
transmission input.
3) The driver shifts the transmission into neutral
4) The driver then switches to the ETM mode and turns off the ICE by switching
the ignition switch to the “accessory” position
30 5) Enables the associated ETM controller in response to selecting the ETM mode
which in turn generates a signal that causes the clutch actuator to hold the
clutch in the depressed position. A signal sensing the position of the

accelerator pedal is used by the ETM controller to determine an amount of
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I n one enbodi nent, manually transferring to the ETM node of operation from
the I CE node conprises the follow ng sequence of steps: 1) The control

| ogi ¢ detwornmever4d3y anal yzi ng sensor inputs that the velRCENUS2009/08893&N
operational state that is suitable for ETM operation and enabl es controls

signals that facilitate the node transfer he driver then depressges the
clutch pedal to d¥h§age elisc] @Eapﬂ)fyowﬁﬁéﬁaﬁmes%mﬁhmﬁr&mhﬁ a§§%u*ifh

driver shifts thedJaasMcash @t ETVAs PEHI B pitde Wideh AbHYIBfiod wi tches to
t he ETM node andebtour nsﬁg}‘f the I CE Sby sw@c%i neg the igni tl?ogmgemlﬁtch to the

"accessory" po$) tThendibyer Bhetbdetsrrines adsdc next egtaETVskidnintofrem neutrrgsponse
to selecting the ETM.node {ch. in turn nerates a signal  that, causes the
Gl utch act uator vBRUMETHET Y BetfntHRtrE R SR foP et ouhomy SRHRG
sensi ng the posi trh&sh Bfe rbﬁﬁoﬁ’eﬁ%?ée@r R oRp@tahaft sehiis@d pRyschth@nhfeldpeedt r ol | er
to determ ne an anount of power (e.g., voltage) to apply to the ETM In one

enbodi ment, thé) arbilghe tefnsmésven ialoghe Bekteeat he ETM i s varied by pul se width

nodul ation ( driver t.h i i n ift
into (from n@%ﬂg{ﬂéﬁ’ ?AIBS);I/;H gséchﬁss;éiﬁlrgtgehtnﬁg agkﬁ?%% at'i onaFSCls)%hécg%(igg%a% tﬁ)@yﬁ%e next
gear rahéki @niabs ppeadiot the BIMhwhitk inatat apphiab nspeed lefs tohgicot hutvesitas t

(thus the Present vehicle speed). 7) Shift the transm ssion into the next
gear. OW¥sIsAethetinemssi®ion is shifted into a gear, the drive varies

vehihcl e spe : [ BPRE; ﬁu\% ' e
apg:()i es rmrggg?%?%g? e%%@%%@%tgonﬁ hgb{\igﬁgcl e \%Rfeegfltstﬁb\elllga t gﬁéﬁgengﬁnv%glﬁ a[é'n. | f
a desi rretinv®hthe IEE opele af bperaticon witg thoigldowipgsepl e in the ETM node, the

driver may return to the | node of. operation usi.ng the.foll ow st eps:
D' T one” enbodl erite PRROGIRCTerheadhiyal Fy peS PPOHETHIS PooE PEIhd s h  he
vehicle clutch pedalci@iuichpedRRr &S 8GHROShdsith indr@rd8inshR thO S Ronldi | CE
remai ns di sengaged fromthe transm ssion once the clutch actuator rel eases
the hol d on the dlissngigeddtan theyanfFhesswmionge thehruick netnator tehgs¢sGhe Wpld anhe
coqgenti onal | CEth%nll gbon wi tch. This involves rotating the keyed ignition
switch fromthe "AEEWELDYA hosition, through the "off" and "run"

posi tions, and2j oThégris@rth&gstad theNCEStatHe copO&ition@NICE ignition switch. This

involves rotating the keyed ignition switch from the “accessory” position,
through the “off”” and “run” positions, and to the spring-return “start” position.
Once the ignition switch leaves the “accessory” position and reaches the ICE
20 “start” position, an ETM control signal automatically disables the ETM mode.
3) Signal the ETM controller to remove applied power to the ETM. In one
embodiment this entails cause a contactor switch that couples power to the
ETM to drop out which kills power to the ETM.
4) Signal the clutch actuator to release its hold on the depressed clutch pedal
25 returning control of the clutch to the driver.
5) Apply power to a starter motor that cranks the ICE to start.
6) Shift the transmission into the neutral position.
7) Adjust the ICE rotational speed (RPM) by means of the accelerator pedal to
synchronize the rotational speed of the next gear to be shifted into to
30 correspond to the rotational speed of the transmission output shaft (vehicle
speed)
8) Release the clutch to engage the ICE crankshaft to the transmission to operate
in the ICE mode.
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Once the ignition swtch | eaves the "accessory" position and reaches the
| CE "start" position, an ETM control signal automatically disables the ETM
node. 3) Wognel12843¢ ETM controller to renove applied poReT/useomiossdBTM | n
one enbodi nent this entails cause a contactor switch that couples power to

act uator (o 1 pbabet el A NE et SELCte BRHEheRERAT HebaMhihg

control of the cliptigBn k@it BEdHEP positioAPP! Y power to a starter notor that
cranks the ICE to start. 6) Shift "the transm ssion into the neutral

position. 7) AdPusiterhdterclyCBwitwhathe diiM rsedeesivitePhy abyGeneeate’ phsitidre so a

accel erator pedal to.synchroni the rotational speed of th xt ar to
b <hi fted i nto (B'QUT FRCIBRAESS! brgebEs Bridilar BPEE Bim hRE T RishRehi on
outgut shaft (vehjychetisiPegdheS)CIRedredseadiibe 6f YLERchRIERARER fdtingChie
crankshaft to the transm ssion to operate in the |ICE node.9) Switch the ETM

mode switch to ORRnswissioay ek FEN: ganeragfr volfegEmey ibe ushe to g 24ceTs08e eich

"accessory" posi Ffiop Qhaégl)g 'ab‘l s’ieg‘ge?it;[aitt\é ¥ tﬁe\/\jvgjflkjlet &e alggblg‘:éeggﬂg l%ﬁ& Col? d0 2

"Generate" position so~a“suit cO flgure iS ena enerate a

vol t age when t he duXMais pooicatsgsteiny atici @An0fbatthe | €edokicrby mayiiaoludé & he
vehicl e wheels rotating_ the transm ssion. The ETM generator voltage nay be
used to run acced¥@ricesf dividal saiice g1 pgralclooapgcsd Bplietiesy of the vehicle or

an jgccessor )ﬁnbﬁ%é &imtdirAght 24 'ftﬁkg)/c M sySnf "r@&eixTéBesén%{nlmsFéhafsE &¥ectdsed
herein may include a nunber of individual “series or parallel” connected
bat t er igpsratibnal osigteg ndpadiatms ndutpit hegrialdViasporisival tosgattamgr geedtioas! stetes,oand

signals, detects operational states, generates output signals responsive to
et ot REOGRR caR O cas 2 aloSHA SR e PR SPrr oY St b oSt oV PR for

manual | ofeih 3Gl &E%ﬂdm@hﬁ“s‘%ﬁ@rﬁ@%t iﬂ@%‘f‘d’eﬁ%@u@l%ilpﬂs initalics are for an
cel I':

ETM system that includes a fue uman action ("HA"): Turn diesel

engi ne i ghi ti oblugwntachor 6 HAZYc Semotipsel prgiing igniionGutilshtto Siagambry” positioavdc /
G IT0vIe A D80 TSR A TeLr seneor Lo determne terraln
A. Arm tractor chassis inclinometer sensor to determine terrain grade.
Sensor output signal: 0-5vdc ==> computer input signal (“IS”)
1. Parameter delivered to computer input: £ 10 vertical angle.
If incline signal < 2 and > - 3 degree angle, Computer action (“CA”):
20 permission.
B. Arm load cell sensor to determine container weight. Output signal:
0-5vdc ==>1S
1. Parameter delivered to computer input: 0-40,000 pounds.
if weight < 35,000 pounds, CA: permission.
25 C. Read tractor transmission gear selection from J-Bus
1. If low gear selection, CA: permission.
D. Arm APU power system.
i. CA: Dry contact closure ==> Main fuel cell power system
contactor closes.
30 ii. CA: Dry contact closure ==> “ETM armed” light
illuminates. Color: yellow. On=12vdc / Off=0Ovdc. Human interface

(“HI”)‘
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i . Paraneter delivered to conputer input: 10 vertical angle. If incline
signal < 2 and > - 3 degree angle, Conputer action ("CA"): perm ssion. B.
Arm | oad wel2bosemser to determ ne contai ner wei ght. Qut pat/us2eaBss3®- Svdc
==>|S i . Paraneter delivered to conputer input: 0-40,000 pounds if weight

< 35,000 pounds, CA: permssion. C._Read tractor transm ssjon ar .
Selactiondtr o aify Pomdes Sogy gear éeqi@ew%a? plemy SFHY S HIghd pswitghm APU
pover system ijymifefss. PYorCQAIREt cl osure ==> Main fuel cell power system
contactor closes. ii. CA: Dry contact closure ==> "ETM arned" |i ght

i |l um nat8és. G@Aorl’.re%ﬁeliglﬁd. “aOl=dyBtedie armc@f svOteticT="Haemeacti chases FaeeCA Bily' ) . 2.
CA: Dry contact Ic)allp%) ure ==> "Acknow edge system arnmed" lighted switch
i |lunminates. COMGF Y& ow 3. HA: Press Ii ghted "ack. system arned"” swtch

==>s5contact cl oses ==>A C&lytel YactRraglive InRies solbnoid tHcefi-z@rt uohor2wdei ve
notor sol enoid energi zed. On=12vdc / O f=0vdc B. Brake air conpressor notor

sol enoi d ener gi zdf=Q¥fe12vdc / OfFf=Ovdc i . IF IS fromlow (e.g., 100 psi)

a1 brake pressure sui cl aena0rcdilybLBE RlIoPLBE0BY SAke A off fougont act

closure C. Mdtor control l'er ( speed 1 nput. rom current
sensor in chargi ngffsgiaicem 0-50nmvdc D. Auxiliary power system air bl ower
not or sol enoi d energi zed. On=12vdc / O f=0vdc i. .. | S charging system
current sensor. 0-50nmvdc. Iif TRy framtlow (e EQbpw) # RBC PFsEERSIVHTH squser dry

gg?gggcc[osure. E. Han hidblor BURPLYstR! V&: &9 BRALISREL 91 zed (to open).

C. Motor controller (“MC”) speed input. 0-5vdc IS from current sensor
in charging system. 0-50mvdc
D. Auxiliary power system air blower motor solenoid energized.
On=12vdc / Off=0vdc
15 1. IS charging system current sensor. 0-50mvdc. If current >
(predetermined threshold), CA: dry contact closure.
E. H2 fuel supply valve solenoid energized (to open). On=12vdc -
Off=0vdc
CA: Dry contact closure
20 F. H2 purge valve / timer armed (energized) to purge line for a short
time (e.g., 2 sec.). Solenoid On=12vdc - Off=0vdc
1. IS charging system current sensor. 0-50mvdc. If current >
(predetermined threshold), CA: dry contact closure.
G. Coolant flow pump motor energized. On=12vdc - Off=0vdc
25 1. IF IS fuel cell current shunt > 1mV (indicating > 10 amps
fuel cell), CA: dry contact closure.
H. Coolant flow heat exchanger fans:
1. Heat exchanger fan #1. On=12vdc - Off=0vdc
IS from temperature sensor in cooling system. RTD 0-100 ohms =
30 (predetermined range) Deg F.
If Temp > 130 Deg. F, CA: dry contact closure.
ii. Heat exchanger fan #2. On=12vdc - Off=0vdc
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O f=0vdc CA: Dry contact closure F. H2 purge valve / timer arned
(energized) to purge line for a short tine (e.g., 2 sec). Solenoid On=12vdc
- O f =0Ovdwoi2009/1283ghar gi ng system current sensor. 0-50mpdE/USkdoomssBENnt >
(predeterm ned threshold), CA: dry contact cl osure G Cool ant flow punp

notor energi zed. On=12yd¢c - O f=0vdc i . LF IS.fuel cell curre shunt >
ImV (indicating > 10 dnp&oMJeMPEAIY Sersar iy cgolingntystam ¢ | Rdy Oet0 b1 ant

fl ow heat exchanger faisdetdrminddadhg jer fan #1. On= 12vdc - Of=0vdc IS
fromtenperature sensor in cooling system RTD 0-100 ohnms = (predetermn ned
range) Deg F. |f Tenp [5Te@p >Det. DEg. FOBA: dryycantast alosurel osure. ii. Heat

exchanger fan #2. On=12 fromte ture.sensor in cooling
aystom RTD 0- 100 oh. LIFare T Pagea Fogtriofy SERE shisiibeg
F, GA: dry contaclstehmasdb@tor! . Energize (1CE node)/De-energize (ETM node)

battery chargi ng systemgenerator. i . IS fromtenperature sensor in
cooling system RTD 0-100 ohri§ fromtemperatus prIgor dinepoling spegmF. RTD OTEMp >

120 Deg. F, CA dry c &hﬁqﬂ%hg[g%ged-ha%gggbg%d ii. I'Sfromtenperature
ete

sensor in cooling system rmned range of Deg F. If
Tenp > 150 Deg. F, CAIfUempcornoangg. &, Oaukdey e‘o??acD@l@@lﬁ’égﬂl:ZGEnekg‘iz@ne

enbodi nent, the ETM control  systemreceives sensor signals, detects
operational states, gener atibs!S{PPUCTORFHES §el}séléﬂbﬁ?>q1% ot RER iOnHPO

opgpat i onal states, arqu%er%]]ngp ?Q&f]aﬂgeaﬁb%é’?s for a manual |y operated
ary tas

shut down sequence in a cor anot her enbodi nent, the ETM
control system recei vd$ Tsapsol5S0sbgnl €A: det enttsct olpemraFFgrBéensmgMees

generates out put signals responsive to detectin perational s
et for s corltt B Fufitaitetis ol OlecdriiT s GRTS Siipt Xpbedibite,

wher ei nREkLAASsthiBs, generates output signals responsive to detecting operational states, and
performs control actions for a manually operated shut down sequence in a corollary fashion.
15 In another embodiment, the ETM control system receives sensor signals, detects
operational states, generates output signals responsive to detecting operational states, and
performs control actions as follows for an automatic start-up sequence, wherein actions in
italics are for an ETM system that includes a fuel cell:
1. HA: Turn diesel engine ignition switch to accessory position.
20 Output signal: On=12vdc / Off=0vdc
2. “Acknowledge system armed” illuminated switch illuminates. Color red.
3. HA: Press “ack. system armed” illuminated switch ==> contact closure.
A. Arm tractor chassis inclinometer sensor to determine terrain grade.
Sensor output signal: 0-5vdc ==> computer input signal (“IS”)
25 1. Parameter delivered to computer input: = 10 vertical angle.
Computer action (“CA”): permission if <2 and > - 3 degree angle
B. Arm load cell sensor to determine container weight. Output signal:
0-5vdc ==>1S
1. Parameter delivered to computer input: 0-40,000 pounds.
30 CA: permission if < 35,000 pounds
C. Read tractor transmission gear selection from J-Bus.
1. CA: permission if low gear selection.
D. Read tractor speed from J-Bus.
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italics are for an ETM system that includes a fuel cell: 1. HA: Turn diesel
engine ignition swtch to accessory position. Qutput signal: On=12vdc /

O f =0vdc RO 2008ciemdd edge system arned” illum nated sw t edoTiUSRanviossBEes.
Color red. 3. HA: Press "ack. system ar rred illum nated switch ==> cont act
closure. A. Armtractor chassis inclinonmeter.s to determne terrain
grade. Sensor output signal: ‘Gr3HEISH2RL gﬁﬁ%ut signal ("1S") i

Par anmet er delivered t%@m%%ef%@attew%wbgé@g{ew e. Conputer act i on
("CA"): permission if <2 and > - degree angle B. Armload cell sensor to

det er mi ne cont ai ner \Aﬁ({}h’t Sliiljtdpwmmalgm@ﬂE 0-5vdc ==> IS i . Paraneter
delivered to conputer (13 4(%] 000, pounds. CA: permssion if < 35,000
pounds C. Read tractor—t % £y (%S}é% "selection fromJ-Bus. i . CA

pergission if |ow gear sel gctipih iRl dEagbwdragkRm soaesdol ERRsI- BUS.bry CA
perm ssion if speed < 20 MPH. E. CA: De- energl ze battery power pack

alternator. F. CA: Shuontetvsloseicn iy CETMGa a0 Homeratesy s Cotar: iyellowai n

fuel cell power syster@&p@goﬂg%f 6L$$%Um@ni%g%ch@lt§ct closure ii. "ETM

armed light” illum nateées f =Ovdc. Human
interface ("H"). H CHut(Clbtcacw@ett@rr deiv ¢ ieotoDtsolensidl emwgidedneOg+rBdc /
On=12vdc / Oif=0vdc i . IS from"ack. systemarnmed" switch. CA Dry
contact closure | Off Bvédke air conpressor notor sol enoid energi zed. On=12vdc

Lovie S trom Ty 00 g e g neee g e
controller ("M") speedlos&/rput 0- 5§/dc I>/S fromcurrent sensor
I. Brake air compressor motor solenoid energized. On=12vdc /
Off=0vdc
i. IF IS from low (e.g.,100 psi) air brake pressure switch sensor
15 in tractor brake system, CA: dry contact closure
J. Motor controller (“MC”) speed input. 0-5vdc IS from current sensor
in charging system. 0-50mvdc
K. Auxiliary power system air blower motor solenoid energized.
On=12vdc / Off=0vdc
20 1. IS charging system current sensor. 0-50mvdc. If current >
(predetermined threshold), CA: dry contact closure.
L. H2 fuel supply valve solenoid energized (to open). On=12vdc -
Off=0vdc
CA: Dry contact closure
25 M. H2 purge valve / timer armed (energized) to purge line for a short
time (e.g., 2 sec.). Solenoid On=12vdc - Off=0vdc
1. IS charging system current sensor. 0-50mvdc. If current >
(predetermined threshold), CA: dry contact closure.
N. Coolant flow pump motor energized. On=12vdc - Off=0vdc
30 1. IF IS fuel cell current shunt > 1mV (indicating > 10 amps
fuel cell), CA: dry contact closure.
0. Coolant flow heat exchanger fans:

1. Heat exchanger fan #1. On=12vdc - Off=0vdc
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in charging system O0-50nvdc K Auxiliary power systemair blower notor

sol enoi d energi zed. On=12vdc / O f=0vdc i . IS charging system current
sensor. OwBQowdie403pf current > (predeterm ned threshol dpCT@A200d0§8980HNt act
closure. L. H2 fuel supply valve solenoid energized (to open). On=12vdc -
O f=0vdc CA: Dry contact.closure M H2 purge valve / tinmer_ arnmed B
(energi zed) to purge I'PrfEohdFmaciapise tseIfSPﬁé‘g(%?l&?g, S@t%c)RT%zr@oPlHanzlzvdc

- Of=0vdc i . IS Cfﬁfé(%t&ﬁﬁ%%ﬁﬁ@)%grfem sensor. 0-50nvdc. If current >
(predeterm ned threshold), CA: dry contact closure. N Coolant flow punp

mot or energi zed. On=12A¢demp >GF0-Degl &, CA: diyFcdn®ict glebureel | current shunt >

| MV (indicating > 10 anps f.u el | : y ~cont act osure. O Cool ant
flow heat exchanger fans: ill‘%?é§§c®g%ﬁ%gé‘ P&ﬁ?%vf% '&flé_l(gvgi c - Of=0vdclS
fromtenperature sensqy fidn Ge@bEMErS ¥is8Min BIBM: HA&mhEr of oesigherni ned
range g F. enp > g. . dry contact closure. ii. a

) Deg F. If T 130 De F, CA d tact cl Heat

exchanger fan #2. On=TZedRtermingdfrangerf D F.r om t enperat ure sensor in cool i ng
system RTD 0-100 oh = d ' r. F. If Tenp > 140 Deg.
ms[g Ermgl[o e%ﬁfo%% 'i"ﬁ‘éA ?BQC%HQJCt é@ e

F, CA: dry contact clo gi Ze nod energi ze (ETM node)
battery chargi ng syst am Be#igizat @CE iode)lTechei@inet €@ abdy) EbBLRAS @harging
cooling system RTD 0-100 ohns = predeterm ned range of Deg F. If Tenp >
120 Deg. F, CA: dW{RId&@Orcl osure ==> Energize. ii. |S fromtenperature

sengor in cooling system = er g C F. If
Te%? > 150 Deg. F, CA: drng%ﬁ&é%?q% e E@E%Dféle‘ﬁd?%%?%@% P ORD

ohms = predetermined range of Deg F.
If Temp > 120 Deg. F, CA: dry contact closure ==> Energize.
ii. IS from temperature sensor in cooling system. RTD 0-100
ohms = predetermined range of Deg F.
15 If Temp > 150 Deg. F, CA: dry contact closure ==> Deenergize.

In an embodiment, the ETM control system 160 receives sensor signals, detects
operational states, generates output signals responsive to detecting operational states, and
performs control actions for an automatic shut down sequence in a corollary fashion.

A driver may inadvertently cause the ETM 150 to rotate at an excessive rotational

20  speed by leaving the transmission 122 in a gear that is too low for a given vehicle speed. An
over-speed hazard is aggravated by the fact that ETM 150 is much quieter than an ICE 302,
therefore a driver may not immediately recognize an over-speed hazard. The over-speed
hazard is also aggravated because the main ICE clutch 120 no longer serves the conventional
function of disengaging the transmission from its motive driver (ETM 150) in ETM mode. In

25  order to address the over-speed hazard, in one embodiment an alarm is provided that signals
when the ETM 150 experiences an over-speed condition. For example an AC induction-type
ETM may have a predetermined rotational speed limit of 6000 RPM while a DC motor ETM
may have a somewhat lower over-speed limit. In some embodiments described herein, the
alarm may be audible or visual or both. The driver may manually shift the transmission 122

30  toneutral in response to having an over-speed indication.

In another embodiment, the gear assembly of power takeoff 140 includes a PTO clutch
mechanism for disengaging the ETM from the PTO when operating in ICE mode. An
exemplary solenoid operated actuator may be provided to disengage the PTO clutch in
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In an enbodi ment, the ETM control system 160 receives sensor signals,
detects operational states, generates output signals responsive to

det ect i ngwvopessaikenal states, and perfornms control acti @ag/uSesomssasit omat i c
shut down sequence in a corollary fashion. A driver may inadvertently cause
the ETM 150 to rotate at an excessive rotatjonal ed by |leaving.the
t r ansni'S¥OBFF 1 F°GeH 1L @eaqntﬁoﬁéegrxaﬁ ECRICOW RS 2y eV ERFY 80‘5%&%11 IS An
over- spegggdhazard is aggravated by the fact that ETM 150 is nmuch quieter
than an | CE 302, therefore a driver may not inmedi ately recognize an

over - speed Hazarecembidemevethesymbede’h ahueh pedal a$ sutoagtjealyahdd ibdyauskitdhhe
main | CE clutch 120 no, | onger ,serve he copveptipnal , function of

i sengdSHtpH ferPamenios & Gamalr SiReTRed ARV BGRrYERRdey TP teiiode.
I n ar defisch@adad FRSEEL A ANE frasRE QoM 8ZAT th arloth@RentRARAGH: BB lidéh alt@dién | S
provi ded that signals when the ETM 150 excﬁ;ri ences an over-speed condition.

For exandl ke aperaed itg dutematienlbyytsteaseTiietal chigele irareppange te deficetend ¢fcinak T¥hal
speed | im . RP i r y V. at | ower
over - ssayneEth EadheR ChAR LGS, dRbELC AP PSP PRI I
audi bl ewatch thewslicl@outadtHTM hbée. dri ver may nmanual ly shift the transm ssion

122 to neutral_ in response to having an over- speed indication, |In another
embodi ment , kef@rigedovaieddenl 3 agp sY$aRdaPP i whighrontiakislatedmocesen ch

meGani Lt %b%idﬁﬁélﬂ@%ﬂ%ﬂl h?xg el MhEEQEEAE 7 TR0 glgc%?s%éd“ﬂlait Mhd tdmTode.

An exenpl ary sol enol d operated actuator nmay be provi to di sengage the
PTO cl dtcotmpiter sgpan’s és imerded ed winogmpass any rdeivicsi lgnalg g erecssoe dhasvtesncues ETM
over-speed condition is detected. In ope i ment tQ&évehicle's clutch

enbo ,
pedal i'SSEHGHBRR{TOERA FEMENY MY Ut nTalPEREbICFHCS d8 gBnkSE &Tdsi gnal
gener al&hoieNcdri ) BT HhiEREGni ARG aE ARY A G aRaAC agoﬂla%vigé,go% r om

the transm ssion 120 n anot her "'enmbodi ment, the clutch actuator

oper at ed some@meomni@bgw Cemputsesystan [ ZH wicludehpioncssespopreecstars déi dat i on

vl s R BRBREY G iy o8 arien e R sy 250 B ButRRGEN K ri ng

now t 0 skdr&prdadamanSGOrgaBhe (alsyBiim 4200 sbftwidi frboreMNy, vallich ateaé@dutdblRassSes
of the enbodinents herein nmay be inplenented. It should be understood that

the termipecssipdedt. toyismlament yariapepberlimsnirionpeissaramyogion ideackaideny a
P 0og S PR A Ly LS. P O 8 Tyt S g, o
per sonahtetnpettal by ad €240( hah denedupiut addpesri2ge)is ales corhesetro duh€240 to
' er2r(])1 noelng‘t?l)e/ 'infco:lqmneﬁygneerxcﬁgnsg%%Qv&fle%g%roicg(s:slolflsdle2sl Sparn(c)ico?hse? (c)igvi(c)ers oerc(l)r%gi%rirg rS%st%rznla a
1200 is also adapted for at least temporary connection of a keyboard 1233 and pointing
device 1230 ( e.g., mouse). A display adapter 1246 may be used to interface with one or
more display devices 1237.
The illustrated embodiment also includes a disk drive 1247 for data storage and an
25  operating system 1251 and software applications 1252. The operating system 1251 may be
programmed in specialized chip hardware (not shown). 1/O devices not explicitly shown may
include other devices such as tape drives.
Storing of data may be performed by one or more processes of computer system 1200
and may include storing in a memory such as memory 1227 or 1229 of computer system
30 1200 on which the process is running or on a different computer system, for example to a
system (not shown) coupled to network 1250 and accessed via network card 1249.
Additionally, at least some of the control-related processes of the embodiments herein

are capable of being distributed in the form of a computer readable medium of instructions
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volatile nmenory 1227, e.g., RAM and a nonvol atile nenory 1229. Menories
1227 and 1229 store programinstructions (also known as a "software

progr am' )wowhixn4@pe execut abl e by processors 1215, to POD/US2®1038938 i OUS
enbodi ments of a software programin accordance with the present invention.
Processor or ocessors 1215 and nmenorjes 1227 and 1229 are . interconnected
by bus @fé%%b%yiarpameﬁ%ﬂﬁt%mrfmb%ﬁ?%zhg, POChise Do Aot oad P eBLOT340. 1o

enabl e Sd&ﬁ%oﬁﬂﬁé?%é‘d&%i@ﬂﬁ@iuﬁ?hﬁ?%v@raOGeﬁ%'i@ro% 33l a9d AfdaimdeY hees or
circuitry. System 1200 is also adapted for at |east tenporary connection of

a keyboaply «raBy aemrdiens mif ithgypaitvilertyp@ 86 signd. hyaringroeda) actvallgivsed tycaadapt er

1246 m e used to ipterface.w th one or nor i spl.a evi ces 37. The
st i & SR F RS P bt PRl R A GERMER imege and
an gpermaédinGusly d eppy Msiand maef s ario@ph it ang &B5RoMEhe Fagpasi 6y
system 1251 nmay be programmed in specialized cﬁ_l p hardware (not shown). 1/0
devi cedragomissiopttyed mpgiadnrdyde digieliand pudleg earp@pnigationsdsiksuch as tape dri ves.
Stori ng of . r 0 r r e .
svet em 1200 ipRReORR L el Sp RN e Y o BLBR IR RaBlar§ ITBAISE: 1000

of compudyss isysdiempiaRAuierbandd edthhig@er@egdaciithasdthfchgiqoes, Qindar dbjdeer ent
conputer system .for exanple to a system (not. shown) coupled to network

1250 arfiicatcddedmwinugs ametenpihrsc aYrgciftsxamily inslada kML, Gt Crepbieckodevaof t he
conpr ol el A RttoR] BRESTBR,RL B COPBRAIRBIRING Bl bl SBPRRIS Blar BRI N

di strlbutegln t he ormorr a conputer reada }e medi um o

i nst r udtardwsexdeguted heeitbyag vpryodepssdng dbo thpanfpbememiationt Nidd, depiceed, expmpleess,
such as descri bed. herei n. above. Such canput er readabl e nedi um may have a
vari ety BP OIS imls AthS e b RGPl T SRy O AIFSM TOGAPA-es2 of t he

particul ar tyRfedhs aieRlecerdy BY HPRCAIRCHUA I #656Did0 FBf 'Xafiple, tiRe
di stribution. Exanples of tangi bl e conputer readabl e nedi a incl ude

r ecor dapitedinggys herdinaprevidh nawfdno gygnsdidiction oppertindiiesk ThepaseppoatuRitivh asnd

CD- . _Exanpl f i SSj on- di a_inclyde digital d
cormunist ig fiwpere RS R e RETER, AP Ml ek il nof Shbr e
sof t warftr@isogxidsE Wwhick adon@ititddadss ozdnRCHapldtle, B GeAUdRsd) asetl f6 hiatees,

conponent - based t echni ques, and/ or objectoriented techni ques, anong ot hers.
Speci f i Eltiaxiatgy| radiations | whish Xy, be ingeascdthyeerenc deplefionndnd sherst ppricuigicass

| i brari S i . oSK| I .art will appreciate that the

har dvvarngat (5%:8%11)2%%&%1?3?[ h@%%%lf\?lgb{%hcfgg%e% ?tﬁgl{SOn the i npl enentation. The

depi ct ed exarmplferthed appicdimarthe tmew Bpligsicak cledii@ohus@lorfunitic,atomider Wighth
respect _to the present. i nventi on. Nunerous advant ages. nay b% apg,r,eci at ed
fradth t HaGr &y é@@p@@mb peat, £ anvepien, battery 170 and motor 150 may be additions to

a conventional vehicle 100. In this case, it would be advantageous for battery 170 and ETM
150 to be of such limited sizes that they may be added to vehicle 100 at limited cost and
limited change to the configuration of vehicle 100. However, since battery 170 and ETM 150
may only supply traction power for vehicle 100 in an ETM mode of operation it is understood
25  that battery 170 and ETM 150 should must be of sufficient size to operate vehicle 100.
Battery 170 and ETM 150, therefore, should have sufficient capability to handle conventional

loads that vehicle 100 may encounter in ordinary use.
Nevertheless, it may be intentional, in one embodiment, that battery 170 and ETM
150 are selected to have an extreme limited size, and thus capabilities for delivering
30  mechanical power, that the ability of a vehicle 100 to handle some conventional loads in
certain ordinarily encountered circumstances is limited, for example, when vehicle 100 is a
heavy duty diesel truck. This embodiment may be configured to be so limited in order for

ETM 150 and battery 170 to satisfy cost, size and weight constraints.
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enbodi nents herein provide new em ssions reduction opportunities. These
opportunities are particularly attractive for heavy duty diesel trucks
because tWwozeiwelilel es emt not only nitrous oxi des, whiPCh/uSeomB495E es t o
ozone depletion, but also diesel particulate matter. U traviol et radiation,
whi ch may be increased by ozone depleti di es?Jml_parti culate_nmatter

a
both present™h&&ISEHMPics glsciric ﬁr%tlﬁflgrﬂme&ﬁggr?@ﬁiaiﬁsws FW RS UPpERGi at e

the new,gmigsb %Eérafee&’éh?élé ) ﬁpﬁghéﬂgyalési SFSran$NSHod QP2 agRh s ib&e thirdlgaOne
enbodi mrent of the invention, baftery 170 and notor 150 may be additions to

a convehaticatiabrilyenillk epeede endountehddsrequssl, foi tegwhan Fahdhse.athvanothey enarsplfugr

battery 170. an 0t e o uch.limted sizes that they .na added
Do venresteiBtETM RPulbdEe By nev o EhuE et il ol rhaR PE TR of
vehiscl godddQ.-vehlRWeMBrin cSitdlf @cdgbh OF ¥bokEQ RRgbufalM pkant@y. only supply
traction power for vehicle 100 in an ETM node of operation it is understood

t hat batt er yit 1shouldndc EMYracsded Hbl ¢ ragses bdicrst EIM T 120 and Batiesy t/0oper at e
vehicl e tt . 17 ~ther - f.i Gl ent
capabi Ilfl‘gegg?%ﬁﬁaon Fr}e{ltécdo%\zlgﬁgcli 5%‘31"3%5%&83 Q& P@K{e?%/gg?rg Kgn%gﬁllﬁrgr%(gs 121% 6%%%% in
or di narhights gpcddethvibpeiraliing tip megrathe thendévr i oo gbtemi Map mecd mbopisodiedlly t hat
battery 170 and ETM 150 are selected to have an extrene limted size, and
thus capEpifG petascy dic HEM; orsratiay mrdenas K& medaeanoret freguenthe thami veuld B a
vehincl n i | S Al ' r.oli gy
enr(:llguntEh ee% %garé/i()froggiﬁgt %ﬁ%@sﬁﬁ |V§1%f %ltg 1%%{‘9-{@019 He 'a#ﬁﬁe?&{ﬁﬁﬁlﬁﬂggrﬂeﬁgﬁg Olslos a
heavy dmtlybattices @70 tarcuaktentibnaldy effiodiatesite may operacomdli dpuraads tioclide Bighéid m t ed

in order for .ETM 150 and batter 0Oto i sfy cost, size and i.ght
const r aPRRCAAGH iteuRne ooherEals FEV SRLRT o B b oSufga e 8RO B0 ray
have i ngyfdd gingllingapaci ty to operate vehicle 100 in higher gears of
transm ssion 122, such as above third gear that ordinarily enabl e speeds

encount er ed It slypuild bd fhther rpgrecatedrtbaidcawpbing IETMAA 60 he traaseispbarl Y2 enibgdi nent
ETM_.150, and ttery,.1 have, i nsufficient. capaci.ty .for operation of
Fultsy rnE B tOarh e P o RN Fush A, EoRThisf PRR Gy et By RREG R Aol

per centd@eric hiot&hl & EmveRidRC dhellis§ib@ati 20 fin@ ds esventies endE tinkSentanide.
battery 170 are intentionally of limted size and performnce and where

oper at i Gnals preheierty fug foree gaw wheyhdrangpisaian d2 v manusd tgpsnyissien apd dhegr ade
the driyer Y . | | l. ate between the ETM
operatiuggO%Bgﬁézgq&@%ggg%ts)ﬁogth%ﬁ%a%%ginsgﬁb1%/%%%&\?\%% d be necessary for

sl ow speed drhusj ingne strbppinigt bathdhé pérferenanédsoBE TRNE®GEbaeery W @ranE bkl 50
and bat th,er,y 170 are intentional]y of limted size and operational demands

i ndludehHiigaamieierymay Piasay, challengen it PPrgatbs Newshicle d0ETNCHFItNIBE Witkes may

be requinfidifuk il fat Hﬁy be conventionally and intuitively considered unacceptable in
some cases, these embodiments enable practical and very beneficial applications. However,
embodiments having the limited performance of ETM 150 and battery 170 and the
aforementioned gear shifting limitations may enable modification of tens of thousands of
25  existing heavy duty diesel driven trucks so that they may be operated intermittently and in
limited circumstances in an ETM mode. These embodiments provide an accomplishment
that has previously not been economically feasible. Moreover, these embodiments
demonstrate that the intentionally adopted limitations are compatible with use on streets and
highways in dense urban areas which further enable emissions reduction in areas of greatest

30 need, i.c., arcas of the greatest concentration of heavy duty diesel trucks.
It should also be appreciated from the forgoing that difficulties presented by both the
performance limitations of certain sizes of ETM 150 and battery 170 and the “clutchless”

gear shifting limitations may be mitigated by certain features of controls added to the vehicle.
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vehicle is nmoving. It should be further appreciated that coupling ETM 150
to transm ssion 122 using a the transfer gear of a PTO 140 provides a nore
econoni cawoan@/riesai ght f orward coupling of el ectric not ®@CTAB00W038938
conventional transm ssion 122 and is inventive and counterintuitive. This
is particularly true for the case where trans siogéZZ manual :
transni ssi oﬁff&ﬁ@hﬁgnﬂg%dwrlh?@%ﬂnme Flegsen ﬁﬁ PG Pegbigasdesio e cxplain
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ETM 150 and battery 170 and gear shifting limtations may present
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driven t y d. knterm it I i imted
ci r camiP AR B Sheck 188 (BB 18 RRERBLAT RN S0, Dhgrt B o
t hat haseppRyy budbyemfik] bRy segglivdriycatdnystérasohlpesssddliyepv@sh, contiisd on
enbodi nents denonstrate that the intentionally adopted |imtations are
conpat i shisley @0y Besides shargingduptieryndOrke serpdy Bové faemetordpBathe srenrlapriueh

f urpyher I 1SS i i r W -ar eas
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be appreduetet R0mndtd@agocagacingof batisteli T§li wmay vagsfronaese indsdbyedd oo thet he
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el Ut IR ol Qs eHTREItr e FEHCCd FOHES ) M CHAAET Gl D GF? L o dat ur o
of CONK@EF%?&Q@& di@ralbeapieity & 190 Hagn &R IRO IR dRsEr | bed herein were
chosen and described 'n order to best explain the principles of the

i nvention arldnless @eralyl andotipdcislyotated, dhaaleimssthiat foliow aeenoaintendsdundepbt and

t he .features. and advant ages. Var.i ous, ot he mbodi rent avipng wvarious

rodr+ oy ronisT RS s ARR FERonsy KON SuPbRST 1BOR P BN kLR EBO ARy use

but mayofsthe |dlaife et Mol b es8l€ oI PTany hRrirRseRquédteeBh Rither FOrmaX¥BMR €,

referring again to FIG 1, battery 170 may be also or alternatively be

r echar deellityje migrende te dicpor@ms(e. g. , a hydrogen fuel cell) included on

vehi cl e 100, r. ggRI e X I e

cani ster of Fclg]r'rgrl‘ggyégl %@é} rog@g?gﬁgéfgle%n%@@g tlgéilesecln%gﬂg%leds'i@esg%c alrgi ng

bat t er yhd é@tdhopesluipipl d¢praoswdr ThatepniiRar d&&hindtivd ieneadelvalicyhdr ued velagtlk idB0 may

al sg chﬁr e _conventi ?nal tr%ct or system 12 VDC battery 310. The KW capacity
€ fc(?fttb

of PueltheETM epgyatign! setsr d§Ercaapiicofithe &t wanens$&r 1s7HS, (Hagn ¢ Brapch isghrdne

enbodi nfg@{ept%4 tWHere one or all the necessary actions are executed. If the result of the test in step

802 is NO, then a test is done to determine if the transmission is in neutral. If the
transmission is not in neutral then a wait is executed until neutral is attained. If the
transmission is in neutral, the actions of step 804 are executed; switch to the ETM operating
25  mode, turn OFF the ICE and energize the ETM, enable the ETM controller, and signal the
clutch actuator to hold the clutch pedal depressed. In step 805, accelerator pedal is operated
thereby sending a variable signal indicating the accelerator position. In step 806, variable
power is supplied to the ETM in response to the variable signal from the accelerator pedal to
control the vehicle. In step 807, the gears are shifted without using the clutch, when needed

30  or desired, to control vehicle speed using an ETM shifting control algorithm.
FIG. 9 is a flow diagram of steps used in embodiments described herein. In step 901,
a determination is made whether the ICE is disengaged from the transmission input shaft. If

the result from step 901 is NO, then a wait is initiated. If the result of the determination is
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next. In one enbodi ment, the fuel cell 180 has a 15 KWcapacity, and the
cani ster 181 has 1 KG of hydrogen storage capacity at 100 pounds per square
inch (psiwvo2umessocl early and explicitly stated, the clrars2alassssel | ow
are not intended to inply any particul ar sequence of actions. The inclusion
of | abel uch as a , C) etc.,.fqr rtions of the clai does not, by
Ctsel T, VRS awte,pa%% s fé%'?sgg&eﬂéh@eﬁn%%f e MRl dyde Rl PP i at e
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enmbodi ment's descri bed herein. I'n step 801 the clutch pedal is depressed. In
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to determine if the transmssion is in neutral. If the transm ssion is not

i n neutstedl 99hethe drapaingssios s xdiitadet armext gaauwithputi guighingi metesparse ttpean
transm.ssi s r al t f 0 ted: ixtch to
P e B T L
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depressed. In_step 805, accelerator pedal is operated thereby sending a

vari ab!sﬁe%q\ghiéf_f thier‘i@iﬂ%lsﬁlﬁ@istlﬁé desieed 259t or posi ti on. In step 806, variable
powgr is supilj 46 L Q 44 dr rhrbfrs?%ﬁ%?(?h{ CmbOGmEH, '@e@ér‘ﬂheﬁ' hah. it he
accel erator pedal to contr the vehicle. I'n step §0 , the gears are

shi f t ed 0l tahdar¢rmisatiog is eadel whather thb enhinkeaded tior 1Ce snaded, If tlee woult 06 kthe

hi cl d_usi. TM Shift | trol algarithm FIG 9 i |
it nor arfeOPTgrns e TR Erbhs et s o crropBe NEM it § RQpeayE oo
det er mdrad Gbedidr HBIUNGIRA toheubiFedsp il NamOed Spomos e igraftankgs! on

input shaft.” If the result fromstep 901 ' en a wait is initiated.
| f t he is esaichedffranheand e¢asssoirn grosigioni Sy tehwvingn pewerp fQ@OPR tt hee HiMnad ssi on

is.shiffed into neutral and th ut.r al sitihbon is sensed. In step, 903,
ndSEriEneranant e vedtfier g pBla e R Rl Sfrrsiigd STt e il Sl 2t e
COrr espemkt Higbritor.t HEsteP ok, Ghe IATeisSdartddi ukehOMansniA&d sk fich. Ol el 160%kHe | N
step 904, the speed of the ETM and/or the speed of the vehicle are adjusted
unti| acpdsmatogagdali Wainseatest tadashieesa tdﬁﬁéf@ﬁp%gM o thdCRextheylarsmip@en ffat ches
t he spe f t 1. SSJ t h . h $Si on
o shy RS Ryt OSELT SEPTARt, Bl i on BuRbaPriaReq K GALSRILES
t hat t heitls graehnomission inpxtshaRas dlid Mespread) whtis b€ shd ishidle adphivsslyotheout put
shaft sp vehicle speed). In ste 906,%5 he accel erator pedal position is

ed ( p
varfed ‘teglcgeaasmtﬁ%e% oYl enadsde thaenerato Redq PeBer gAY efenSCHES 1 ed
gear. FIG 194 91350l A GRAD Uhep3 WRBF it SRHodithe ARDRLLMRAL Rerdlf S Ah g

herein. In step
1101, power is applied to the ETM in response to the accelerator position sensor signal. In

step 1102, the clutch pedal is held depressed disengaging the ICE by enabling the ETM
mode. In step 1103, power is removed from the ETM in response to a sensor signal
25  indicating the brake pedal is depressed activating braking. In step 1106, auxiliary drivers for
necessary vehicle sub-systems are enabled and powered using the ETM power source. In

step 1107, the auxiliary drivers are powered with the ETM power source.
A number of embodiments of the invention have been described. Nevertheless, it will
be understood that various modifications may be made without departing from the spirit and

30  scope of the invention.
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1001 a determnation is nade whether the vehicle is in the ICE node. If the
result of the determnation in step 1001 is YES, then a wait is executed.
I f the rew0l20099124080, then the foot of the operator is applritsdoowm3dyss d t he
clutch pedal in step 1002. In step 1003, the ignition key is switched from

an acc Ly pQsiti hereby renoving power formt he ETM and di sengagi ng
t he cl 5&3%@&‘3‘;%@\”%% hol ds the clutch pedal depressed returning clutch
control to the operator. In step 1004, the ICE is started using the

I gni tion swigchyickMhasheR HA%Rissbh® 5 AEREerREr @ uplcd (ORSEEEPHLD achi eve
a desired RPMQ%‘B? E{Eﬁzl g%E %ﬂleSSl{Or a%@ﬁnﬁg%%eoﬁﬁ?senghﬁﬁugﬁtg aE eg\?réee gear in

step 1006. ldongtweimglO07, the clutch is released to engage the ICE wth the
transm ssion i.nput shaft to driv e traction wheel Eéof t he vehicle,

Opti onal |y, 4HBCHshPephustion shgipg HEE) Coumsd gl 4 Quich Lo g uARIEFLOHEREL ¢ o

generate bRt Sriie GRLALNGH, GHF SN the IEEG 611%& b& tProtdtOMcdtaGhRGLAinptk €ps used
i n enbodi nents described herein. In step Jgf01, power is applied to the ETM

i n r esponstmft whemheclatsbecdel aporatipg dictdlanh sares depressghaind whergn gy ICEHD2, t he
clutch pedal is | d depressed di sengagi the . by .enabling,the ETM
rode. 1 b dpe et S BRaP e et pE AR ety LR %o e censor
signal indi Gagdmtericbe of @pldaadalpover ARBILENPED) P6ktioY BHel tRGissiohAlat id N st ep
1106, auxiliary drivers for necessary vehicle sub-systens are enabl ed and

pover ed usPuided tadhEtranspusiean igpuirsBalt; | n step 1107, the auxiliary drivers are

have been dotcrsERRYE RENRD oIR8 FERREITRR B Bl ARG 0"

have been descri vari ous

modi fi cat ttenmnsRy ghe semo@cmid, hoat EURpaFcritiopal mods, theE Bl totatesahel scope of
the invention. WHAT| S CLALMED I'S: 1. A vehicle having a transm ssion for
driving atiansnisyighinpyl shaipresponss t pawes arlighiodhs Eddhpira thisdCEdn i nt er nal

conbusti op; I 3 93,5 S i nput
shart of The PranipriEy st RCHEN, B M A8 G RR PR AT,
t ransm sstherETMputotabadint revpomse ® rolatibg lof fedednsopsioatinmg shdfewbéuthelvhitsh not

depressed, and in the | CE is.disengaged fromthe transm ssion input
shaf t V\heﬁngaﬁgsgfgi{:ﬁﬁoH@&Eﬂmws’@gﬁ?@éé&g? a transfer gear set coupled to a

power take- Oaféon(rngQ)steP@feEei@fngts@lafsrf?d}ﬁ oh SRERRat Jﬂf@'@eni SF 1ROV 8 ah @ sdli6rs
transm ssion i nput 'shaft; an electric traction notor (ETM havi ng an out put

shaft couploadoting epergisnpuf thehehiclegindtdeacatingettont qpatol signals;wherein, in an
ETM oper at i gnal

response to %o%ﬂ}%g%lﬁttggalg%%e% g‘}s : es%é%)g% ttp[@gvlse | Sei%@m b 81%'53%%;1& of "
the vehicle when in the ETM operational mode;
one or more actuators receiving power from the auxiliary power system in response to
the output control signals when in the ETM operational mode, wherein one of the
actuators is a clutch actuator that holds the clutch pedal depressed when in the ETM
operational mode, and releases the clutch pedal when in the ICE operational mode; and
one or more indicators configured to present to a user, in the ETM operational mode,
a signal indicating when to shift from neutral to cause a shifting collar rotating at a speed

determined by the vehicle speed to engage a next shifting gear rotating at a speed

determined by an ETM rotational speed.

2. The vehicle of claim 1, wherein the one or more indicators indicate the ETM

rotational speed and thus a speed of the shifting gears.

3. The vehicle of claim 2, wherein the one or more indicators indicate the vehicle speed

and thus a speed of the shifting collars coupled to a transmission output shaft.

35



di sengaged fromthe transm ssion input shaft, and, wherein, an |ICE
operational node, the ETMis rotated in response to rotation of the

t ransm ssworrodwmpwizoshaft when the cl utch engages the | CECTaSRé09/038938
transm ssion input shaft; a control systemreceiving signals froman

el ectri cal ste f the vehicle and sensors.nmonitoring operations of the
Vehi cl & and HErERE OO pUtheEORTAICar GHrsr &dl%wraasasgqtaﬁyn@?aé@mfem
power syst ergiFauRiEd réﬁti@r%{\%eeh%tx%@%a%ﬁi&%‘sﬁﬂﬁ%ﬁgeﬁr ehd Ehfé%hl\fﬁﬁg cle when
in the ETM operational node; one or nore actuators Teceiving power fromthe
auxi |l i ary powderssyspledrtd atramspemereottputtsheftout put control signals when in
the ETM operati onal nobde, wherein one of the actuators is a clutch actuator
that hol ds the clutc eda epr-essed when in the ETM operational de, and
For caces & el P Gl R R R, B s A R G AL AR BREE rore
i ndi cators G@mniagpgr@an&rcshﬁﬁﬂggmrﬁ@&smg@gedtiyramﬂ@ingwmperational node, a
signal indicating when to shift fromneutral to cause a shifting collar

rotating at a speed determ ned hy the vehicle speed to enq&ge a next
shifti rﬁg geakhershiels eflaim 4 Wseat theensoiimase NCakgys press i gtlighf dabhasspeed. 2.

The vehicle : i r.el 6Y; igl LSl ARGl the ETM
rot ati onal SI%eé llagr? 0’% ﬁv&l\sé@gpgggg%?g?ﬁ?%e&éﬂ???:Bﬁgeﬂ%gggﬁg? a%.h{ﬂ}l'ﬂ%G@g icl e of
claim2, wherein the one or nore indicators indicate the vehicle speed and
t hus a Bpeedtefvehivée sfilfitn hgvheotih drescontraldystnt inclvdes amenl bgicthatoaeqouds
shaft.4. The vehi.cle.of claim?2 wherein the. one.or nore indicators present
o i i cat 1 HPBRIE O Pl SO Ahd EORaFoimsrs Sbaoh SRRSO B ERRE Bl

shifting geajr nidid iddiGuitshahd LS ne@Hidd SighAYPl ed to a transm ssion out put
shaft. 5. The vehicle of claim4, wherein the one or nore indicators

present a light that is ON when a particular shifting gear may be engaged
by a sHi-fti ngreceshicdg of daimrhavhestn gheecoptroklogicrieerivapaserson sighel ipdisatsie dror e

i ndi cators N ' articul ar
shifting gegsﬁj giﬁé}ggétlé%%g%gég%? %@%ﬁ?’?ﬁt&é@g* ?‘glrlaq%!]f%aﬂgg%&gg?dgl e of claim
1, wherein threpatoial @ a speet @fithenehisttea semot sighallindjtatinighahicteloadivgs a
plurality of sensor signals and generates speed.indicatjon_signals. coupled
to the one ofnIpEpENHAICANS W BAINRIthe ﬁ%btl@ﬁrﬁj@ﬂ%qte ﬁéP%Ul sugfac;R@d wHElR | e of
claim?7, whergi.n ik i: i : i pgdi cating a
speed pr opofSE@g%alP&? % slé)lléege%lllt gglﬁ%ﬂe%&?ghlggﬁg%%gie%%g?@ Sr?ﬁ?(gati ng a
speed proporitdiontain signats sdesedr mhtching sigehisdbethe ans enswore disgmal | ndi cat i ng
vehi cl e | oading, a

9. The vehicle of claim 8, wherein the control logic processes the sensor signals and
generates an indication of which shifting gear to engage to optimize operations of the

vehicle.

10.  The vehicle of claim 1, wherein the sensor monitoring operations of the vehicle
include a variable signal indicating a position of an accelerator pedal and a brake

signal indicating when the vehicle is braking.

11.  The vehicle of claim 10, wherein the ETM is switched into a generator mode in

response to the brake signal.

12. A method of operating a vehicle having a transmission with a transmission input shaft
coupled by a clutch to an internal combustion engine (ICE), the transmission input

shaft further coupled to a drive shaft of an electric traction motor (ETM) through a
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sensor signal indicating an incline of the vehicle relative to a road
surface, and switch signals indicating a present position of a gear shifter
and generwiDesoweosgpeed i ndication signals and gear nat@ebirng2@99seBs f or
the one or nore displays. 9. The vehicle of claim8, wherein the control

| ogi ¢ processes_.the sensor |gnals an erates an indication of which
shifting gedfaneisr g??@éafec%le (2 1 RPYEr %@%3&” Bt TSI Bodnethes The
vehicl e of clogjpisihg: Wherein the sensor nonitoring operations of the vehicle
i nclude a variabl e S|gnal indicating a position of an accel erator pedal and
a brake si grmhblmgja @mtnotlgysvmrﬁcmrvalgvsegnadﬂ ﬁomgnl@te@mqagsysnem offthe velghiec| e of

cl aim 10, W? e ETM i s SMAt [ a neEator ngde |g %.onse to
the brake®¥ ifr% o “ﬁ“ 019&“%818%60“81‘0 %%P ERIEF QURHLFRY RSB s mi ssi on
with a transgbisigodh ETPWpesdiiahil rﬁ@d&&lf&ﬁ’e Bhtid] Syttt bh feSpcdie tdUEE TR

conbusti on englne (I1CE), the transm ssion input shaft further coupled to a
dri ve shafmo eﬂgaﬂieﬁéwﬁgﬁ%HWNQEﬂgﬁﬁ1ﬁﬁﬁ@DOWE?W$Hﬁhrough atransfer gear set
coupled to

conpri si ng: %E%BﬁﬁéaCRéﬁho‘%?%ﬁg%o é%@%g g%g%gbﬁg18&6?%8§P%§%Q%§%w€c¥%iCal

syst em of tﬁerETMehtbdel stprah dviredis cescluon disofidaggs mpeCEtfr@m&leafansrhgsMﬁhmﬁite and
generating qut put contr ol S|gnals enabling an EIM operational node of the
contr ol s% srthe lichrredak is dapreeseirRd aeeagry s IC Kol the teangmissionieiEat i ng

the I CE '§haWﬁénetﬂe%'t:ch1§éd91”1§lan& ‘}"esgéd”Ch actuator to hold a clutch pedal

in a depressed position‘in response to the ETM node signal, wherein the

cl ut ch di senpagmnibhe rdt@iorfal spved bé€cdchar amhaslityrofishiftidg gdaad dmxmmy thdre cl utch
pedal is ﬁe essed and eﬁ% %@ t he ICE to the transm ssion input shaft when
the clutc géﬁﬁﬁﬂrgm%ﬁha pnssd dighalyet er mining a rotational speed of each

of a plural '&Yer&inlﬁghfféthﬁ&a%&"eé o@éﬂlﬁﬁ‘l’g dBYatsRBuFIMd e LEFRPHRG Jrand first
speed signal; determning a rotational “speed of shifting collars coupled to

t he outpuUwgmaﬁnmoﬁntﬂ@n&rwnswm@si@ﬁedﬁgn@Sponse to a second speed si gnal ;
generating a sh r _shi ear hes t he
Poratonal dsudaly » ARG RGP PRhCH e B QR AR B8 neut ral
t o engagespdag opaphiticlapbhifthigfdoling af@l | ar with the particular shifting gear
wi t hout disengaging the ETMfromthe transfer gear set in response to
shifting from neutral to engage the particular shifting collar with the particular
shifting gear without disengaging the ETM from the transfer gear set in response to

observing on one or more displays the shift indication.

13.  The method of claim 12, further comprising turning OFF the ICE with the ignition
switch and turning ON the ETM operational mode when the ignition switch is in the

accessory position.

14. The method of claim 13 further comprising;:
operating an accelerator pedal of the vehicle thereby sending a variable signal to the
control system; and
supplying variable power to the ETM from an auxiliary power system in response to

the variable signal to thereby control a speed of the vehicle.

15.  The method of claim 14 further comprising adjusting the speed of the ETM and/or the
vehicle speed until the one or more displays has a shift indication that a particular

shifting gear matches the rotational speed of a particular shifting collar.
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observing on one or nore displays the shift indication. 13. The method of

claim12, further conprising turning OFF the ICE with the ignition switch

and turniwg220/Ris9ETM oper ati onal node when the igniti ®TAK200/0389381 N t he
accessory positi on 14. The method of claim 13 further conprising:

oper at | %g ? aegg ; Piéygfﬁﬂﬁl@ﬁacthe vehi cl e thereby sending a variable

si gnal %o EUPHI%4 ng variabl e power to the ETM from

an auxiliar Mlo}p(gﬂg{hescyﬁgﬁﬁédamu{ﬁgg@ﬁg@seg%&ﬁ@n .vari abl e signal to thereby
control a speed of the vehicle. . The method of claim 14 further

conpri sing a&jluhmgn@e tgjnélogme@h@fom ﬁn@ aEqaAvbam hogIFoN H@rakvrslgﬂabngﬁeemnmoﬂt il

gear _mat ohewt bR naEr afmal b AT it Bhefu i & 16, The

net hod of cls@drﬁhglﬁlef[glgtdgﬁfgtﬁ@[gmﬂoillgg\ggchhol di ng the clutch pedal in the
depressed position; switching the igni tion switch fromthe accessory

posi tion t heweryingitprasoslaptarimsdaldasetel desied wiationaldipsedbimsia IGFswer from t he

ETM t her eby ¢ ?#ﬁlﬁl%la Iagm{e}a%hffj[ ﬁ%g&r %81&85%%?&111{; 3 etv'e gletsgged le e ![@% the

ignition sw 1 era acce esire

rotati onatotstr:tﬁﬁblsp‘eedi dnde I CE; engagl ng a de5| red shifting gear

correspondi ng to the vehicle speed and the | CE rotatjagnal eed; and

rel easi ng t HE eé&lﬁgﬁﬁcﬂ}é@iaped@bwrv@a%eethﬁ HeE vath the trangpigsion mgﬁ«i@& on i nput
shaft. 17. The nmethod of claim 16 further conprising switching the ETMto a

generator MofR hnpd o¥iiten PaRkky c&#@ﬁsﬁlﬁg‘ﬁm%ﬂiﬂ EETMto d g&&ﬁ&ﬂﬂgdé% claim

13 further conprising: renoving powe fromthe M when 110 the
oper at i onal prodde battarg sivoging cioert. br ake si gnal i ndl cating the brake pedal
is depressed thereby activating braking; and shifting to a | ower shifting

gear frgmneytral, i 0 a shift indication that a speed of the
next \%e fr{l?tﬁ%&]& Cg?l%hgfﬁ# r(éorg%ésélbg of a shifting collar coupled to
the t r ansm Srsm@amg popt frsmahé ETHOwhdhe theETOM opdraGdral Mod8 i #6HdI8E to a
conprising switching the ETMto a %enerat or node in response to the brake

si gnal . 2brakypigngfandisgfingsthe beakepedal is dapreseed Betepy petivagng beNding: aed power to

auxiliary d rs'hﬁﬁﬁg tof lower shifting gear from neutral in response to a shift indication that a
speed of the next lower shifting gear matches a speed of a shifting collar coupled to the

transmission output shaft.

19.  The method of claim 18 further comprising switching the ETM to a generator mode in

response to the brake signal.

20.  The method of claim 14, further comprising providing power to auxiliary drivers for

necessary vehicle sub-systems using the auxiliary power source.

21.  The method of claim 20, wherein the auxiliary drivers comprise drivers for comfort

sub-systems.

22.  An apparatus in a vehicle having an internal combustion engine (“ICE”) mechanically
coupled via a manual clutch to an input of a transmission, the clutch being operable,
responsive to actuation by a driver, for disengaging the ICE from the transmission, the
apparatus including:
an electric motor coupled to the transmission input via a transfer gear set such that

operation of the clutch to disengage the ICE from the transmission does not disengage the
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necessary vehicle sub-systens using the auxiliary power source. 21. The
nmet hod of claim 20, wherein the auxiliary drivers conprise drivers for
confort swb-2000¢12¢038. 22. An apparatus in a vehicl e havi RgTAS2000108895% |
conbustion engine ("ICE") nmechanically coupled via a nmanual clutch to an

i nput of transm ssion, the clutch being operable, .responsive to actuation
by a dri vg]re,CchS‘FOtali SRBGITHE O BBCrh e RS TISHAR Fﬁci‘éq%éﬁ{l OpiRHt appar at us

including: aRuFl8es fda@ WRERLFERURKRG:;t 0 the transm ssion input via a
transfer gear set such that operation of the clutch to disengage the |ICE

fromthe tramswirgirenuploé® thotlutiihsengage t heel ectric notor fromthe

transm ssion, wherein e tr.ansm ssjon i ngcl.ydes .an. out put pled to road
wheers of ¢ renaRicErabtelf phbfeE Maehah LB HERTHARL MR 1GSHRMERS S per abl e
to positi afntthe trasdnigdion s¢ eReddwhdrss st Pb&Brodithind fecttiCmolbsiafieapettné rom
the transm ssion so the road wheels are powered by the electric notor

i nst ead ofCE héeraethoifrasmissionheclydesnhiileg gesns indcd thdidiag sprchenisy hgeiags and a
shifting j i L . in_in: r

bosi ¢ o TREERO SRR, B AEHGRL RITEN RN ANELEL Dol bl NE AT e
out put, anendhavdingin@tgadeditpesdndilanmgfcapaded@osieispefol thearesitcfivd shaftiggar s,
wherein with the shifting mechanismin the respective engaged positions the
shifting geah-vheryagdthitheshiftigdnschianism ip thegigeresiye enapacd Poslipns diat i onal

rel ati onshy: ' ot: at | t ' i St eed
indicatorgggggﬁ%%g(%g%%ﬁgégﬁﬁﬁﬁgagﬁgﬁgw?%ggﬁg?gggggmﬁgﬁgﬁﬁgﬁ?ﬂﬁﬁoﬁwr%tation
of the el espedtto rovdtmn;ofalindroad séedsd speed i ndi cator operable to present to

the driver a eed dependent upon rotation of.the ro wheel s, so that with
Lhe rond wihdeh B TSE GG RRECTRG 1 B A Le Mscitt F Posi CRBUE AT oS on vi B
the cl ut chyaddiordhd VekritRbtseh&ft and engage one of the shifting gears by
i) shifting the shifting nechanismto the neutral position, ii) adjusting

rotation efcaond spdedandicgonenenablhip prefent wribe drivertanpedd dependand upecmtatiospeed

indicators;to natc ot af,i on.of the sel ected.shiftin ar for gurrent

ot aton B MERE ShkARASIE N PR FRGRR FERE S PR B REER, ¢
the posit kemn@RGROVAGhd E18tch etheatiest riadeldcd aténdab@bsbfSihe Giftaist s by23. The
apparatus of claim 22, wherein the first indicator is associated with the

sel ect ed Bhiftingheghdiinamgchamesnnioghe asuis! positionil) edipinsestiospéd | ogi c
operabl e LA GGV ErenRqE ek Md LRI iR BLALL PR tRlon of
the selected shifting gear for current rotation of the road wheels, and iii) shifting the

shifting mechanism to the position engaging the selected gear to the transmission output.

23.  The apparatus of claim 22, wherein the first indicator is associated with the selected
shifting gear and the apparatus further comprises:
speed logic operable for receiving a speed signal dependent upon rotation of
the electric motor, adjusting the speed signal responsive to a predetermined gear ratio
associated with the selected shifting gear, and sending the adjusted speed signal to the
first indicator, wherein the speed presented by the first indicator is responsive to the
adjusted speed signal and is also dependent upon the gear ratio associated with the

selected shifting gear.

24.  The apparatus of claim 22, wherein the second indicator is associated with the
selected shifting gear and the apparatus further comprises:
speed logic operable for receiving a speed signal dependent upon rotation of

the road wheels, adjusting the speed signal responsive to a predetermined gear ratio
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the electric notor, adjusting the speed signal responsive to a
predeterm ned gear ratio associated with the selected shifting gear, and
sendi ng twe 20@y/nsied speed signal to the first indicat oPCTRisee0gios8IBhe speed
presented by the first indicator is responsive to the adjusted speed signal

d i I d d th ti iated.with the. d
AR SR TR ol G R
I'S assSocC! at edcWMdlifdiciter, S81e S redtAtAGR th@ A ohd th HARA 18 MdBorsHcltg €T

ted dtfi khy %ﬁi?&%lﬁﬂé ?E'éd‘ﬂ Btohd tddSordsicted

conprises: speed logic operable for receiving a speed signal dependent upon
rotation of thhedingediswhdelgsal adjiuslsé depentent sipeethegiegnatio pewpotsliwigh the a

predet er m ned, gear, r.ati oassoci ated w th the selected.shiftin ear, .and
Cendi ng ¢ he lir Gocud T ERR TR RSy b Rt B BT R G ik eofie PEfed e
speed presenheie®YothtishabRIAMAsHIP U GRtRANshEsiHE BRGNS 0ahitahd hRoAdlindsdatE speed
signal and is al so dependent upon the gear ratio associated with the

sel ect ed shilfrescaty agetation apregdeoibpselycted shifimgtasar asétheselseted dhigimg gdahg gear
: 1 in fi : ' L haulnd ved Cout
that the. sedBrdle BG8BbMEDLGELBLO MU Rul iiBb  BRARIER R - *°

shi fting geahe adedtdd dhieing gb@cicanllsdoéd havy tigehtcdrattibha réla@dhipot at i onal
relationship to the transm ssion output regardl ess of whether the sel ected

shi fting. gearhcaphirdtlsor dRes 20avBerbeonkioraed it ald L d ihglcabiafaltobiatedd. The
apparatus of claim 22, wherein one of the first and second indicators is

associ at ed Withthereleetedl slifteng goar and the apeaantug futhcheompipwsat us furt her
conprises: aggdifl o 1?1131195@%'_ a%%t]cgaftgdp waﬁﬁ%gi&l%ﬁﬁ r%\%p'gléhv%g%',eﬁ ?ﬁt@?ﬁ%l{ft?&%%ee%ﬁ Ve Ones

5 n
of the shifting gea paratus o si ng:
| ogi c erahl.e to ner.at e iftin ear .select signals for the current
r oad el ?@F&?P@%ﬁ§ﬁé8@“?25p%%%F€%9W%$88hparing a speed dependent upon
the road wheel spggd opBELR t6 RERFatd SRIEMEC Har YN sigh€ls $biagt EhnberliRér Speed,
wherein generating the select signals logic includes adjust either the road

wheel dependeiie! miatiog specd fespasisee te Fempastigr a gegsd ddpenderipmed thewpdmdicdle t o

the respectiye. shiftLag 6305 WAST A% had CoLar snassony abad, wth the
respective shi I'ng gears ‘1 nc U(]fll srgnalltng devices’ operable to %I’ esent the

shifting geaelestlig®dls Beiriatisddsespensithee tHeaotid At idegerddast speédeetthsi gnal s
fromthe logic. 27. The apparatus of c|laim22, wherein the electric notor

i's coupl ed teeHI QBT depgdeRirspegsbicsPassive i theraips A wsihehing BRI ¢a
transter gean iffcaldl AN QAL PRHLARE SERARI ge%rstiﬁaugée SiEhdIlnE JIRRE O

e
power the output o ransn ssi on nsf er
operable to present the shifting gear select signals responsive to receiving the select

signals from the logic.

27.  The apparatus of claim 22, wherein the electric motor is coupled to a power take-off
port of the transmission through the transfer gear set in a configuration that enables
the electric motor to power the output of the transmission via the transfer gear set and

the power take-off port.

28.  The apparatus of claim 22, wherein the speed indications presented by the indicators

include audibly presented speed indications.

29. A method in a vehicle having an internal combustion engine (“ICE”’) mechanically
coupled via a manual clutch to an input of a transmission, the clutch being operable,
responsive to actuation by a driver, for disengaging the ICE from the transmission, the
method including:

coupling an electric motor to the transmission input via a transfer gear, such
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the power take-off port. 28. The apparatus of claim?22, wherein the speed

i ndi cations presented by the indicators include audibly presented speed

i ndi cati onNe.202124039 et hod i n a vehicl e havi ng an i nt er n2CTASAMYHB498M engi ne
("ICE") nmechanically coupled via a manual clutch to an input of a

transm ssion, the clut bei operabl e, responsive to actuation by a
driver, for BHQBRGASR ﬁg%wﬁl@%@ Fisrecie 12HOR be fraRsMisHEN feasHigl
i ncl udi ng:  cRURLLROHhABIEhRGESbLABMURE trhiBndififort, WHREM SitRARshRRBh i@’

transfer gear, suchthat operation of the clutch to disengage the I1CE from
t he transm swiatpudoewplebto rdrd whgelgef thheckickctric motor fromthe

transm ssi on, mhereip t he r%nsnission i ncludes an output coupled to road

wheel s of the veHPEPE?g%bﬂ%W1W?05%3%3?Bator to the clutch; positioning the

actuator to hold ﬁdgﬁioﬁ{}%ttﬁ@adwét& toh1d GE cRitgeRgRardcErdNth R dtrForn &i¥ SSi on.
for powering the road eel s b%/ the electric notor and not the |ICE, wherein
¢

t he transm Seinomissios|fotreyvahigithe ragd gewels barke eeefhr materpndaehdsilSHh havi ng a
neutral posigtj i j.ch e ftd i L fr t he
fransm sei ot Bl S g £k s B S BB RER R
respective skufrilpagitigadn sshioktRe ehifting debrstaiediskigapedfomea b amssiizdich npet
respective enaaged posjitions the shifting %ears engage .t he transm ssion
out put and HRGOUULaRd haying sngaasd pasitians Sshe pepehtivh shidiéigeeoars Whewitt i on of
t he road whegls; : tng: t 1l hE thdication
dependent u;e)vgllrt?trhce)t% gﬁ@%&ggﬁhﬁe lé]ltfel%Hg?%&%zégéagg%hb%ﬁé%%gﬁgqgt%%gﬁndi cation
dependent upngagothatmosmisdion betputoad hake 8ked rosaionhlakelabhdhipsheith capeomeel s
rotating and the Igﬁ%dis n aqed 5ron1the transm ssion via the clutch, the
driver may <d&fabgpo r%arfg‘éfg%e bAB%0f the shifting gears by i) shifting the

shifting nmechani siRdRidd® theHET@ a MRBIPtPdidatidn 8icHdidtRGor RitddnT tRE the
electric notor by reference to the speed indicators to natch rotation of

t he sel ect ecleptag mbtor and i segond speedtindnateh dehendeotigpontretaition olthg rpad )
tS gi I LLn?r gggﬁﬁ% :c, %qu{flgbsgﬁﬁ?laenﬂoggn wth(e)elg po at?n%sail{[di R %ggliggge(f ftgoern%?el ected gear
transmission via the clutch, the driver may select and engage one of the shifting gears
by 1) shifting the shifting mechanism to the neutral position, ii) adjusting rotation of
the electric motor by reference to the speed indicators to match rotation of the selected
gear for current rotation of the road wheels, and iii) shifting the shifting mechanism to

the position engaging the selected gear to the transmission output.
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