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TRANSM SSI ON DRI VE AND METHOD Background of the Invention Field of the

| nventi onwd oThimsi nvention relates generally to flexible Aotk pownens

transm ssion drives associated with internal conbustion engine canshafts
and accessories and the nmounting therefor Nbre partlcularl this

i nvention rel all¥§EGRATHD POXMVEBRAR ANSH K & dex kOBrives to
facilitate inproved space eff|C|ency and |nproved englne assenbl y.
Specifically, this invention relates to integrating the flexible |ink power
transm ssion drives and 10 agg&ssaiides Hasmosiahed W th autonotive internal
conbustion engines into a unit _separable froman associ ated engine and a
method for its use. Descriptioﬁﬁﬂi_iﬁ@lﬂﬂmﬁﬁaArt | nt ernal conbustion

engi pes co quire a I.0 mechani cal - A2 avail abl e at
thel b or anponarealiSiiE SrBfind Redid iR B RGP B A e SR or vy
pur posesyiff intdigal eRBbHERN cRLEB cRimkIEHsYANRUERSRRs hAE tHedRoRTtRiitRirp@r.t he nmotive
force for a vehicle or supplylng power to be converted to electrical or

hydr aul iMorgoweiculanlysthis inverdiop rajiss ite Hicilningratiso pkthese fierdble lmkvirivestoar e
comonl r. r these
sccesson e BBl sBR RO B R 3 Bhe TR LU S SR g

sust ai negheapen éﬂlatmmﬁteman@ﬂga fMeexib] Mas @owechadmiRidn @ineand o SUppI y engine
oil pressure, fuel punps to pressurize the fuel supplied to, carburetor or
fuell0i njaecsesasies 85eoeiaies, wigLBEPEREY gt gombeiaca SHER T RaNF e e,

Tagnet 03, JENEEALAES oOlinBhi L RARKSE s GPPLY Tanition spark, and water
punps to cause at 1 on of coolant through engi ne cooling systens.

25 There are al so accessories that performfunctions not associated with

either primary purposes of the engjnes or_sustained operation of the

engi nes. Exanpl es of these |Eﬁﬁﬁﬂg—éé$éﬁﬂgﬁﬁéﬁlng punps to pressurize power
assi sted s, g ctrical
pover o, R o B g B D B Pl e
vacdsm pumtnblefabnh&ﬂmald{shaﬁts hxube trmmﬁttcxbtmedevtces ncﬁrasmamtwcbmlthlpenmyﬁt ens, 30
and air “conditioni ng ressqrs V10 9. PCT/Cle}lll ?-43 The
cranksh@flfpogesrpé”é%«ma&qs"gmpnmﬁbvqmwne@ a?vse ngdNg IOPXGIFS Opar at e

val ves b I l.udes the
eynohr o SRR POt o P AE <HRERE o R %"5"62#{2“%@%%&
canshafhpphm%mmﬂ1SnmwmﬁﬁhﬁheMVabwescmnmnmmyamﬁnadnoasBnmadaummmeﬁs05 For all
but the si.npl.est, of engi nes, either qgear rlve or, flexible lin riven
power & AaHLRIGe RO ST st e A e B ForG e oo s b and
val ¥@ t k@itflfed &letatiddl o thd SHeiROVBest [RASFIAS s SY SIIP ch IRt sligrLlivse

i ncorporating asynchronous “power transmi ssion bel ting, synchronous power
transm §lsfu1@nmbetotmrn@unamﬂnecfh@hsnppl@dp ceibieEey ogﬁsqlemcthsrsyg@m trains, allow
limted flexi ut of the drive eonetrlcal

olmt | onuerletlsrd BintBaaRari Ot e Pl nghkrRoer e O i B Eh o T O

each ot hgiply Theigepesk, Bhsivake phibslid dhusd the elrcilfic b ddhinp tHrou@asiinet her, in
ternms of ‘axia allgnnent and separation, and planar alignnment. Also, t her e

is a IlﬁﬁﬁéUHbVéméll geonetry available for varying the arrangenment of

pousg takep(f. RIS LLLELAN 0N 0 HieSLankslally Conf it alps, ) S0 tend

to gener ate excessi ve unwant e her gear I’al n
gener al byrposshifiiee @&ROes dr bustangl syertlodrdfeiad éngines Hovemsles oage include

power steering pumps to pressurize power assisted steering units, generators or

alternators to provide electrical power for vehicle electrical systems, not including
ignition systems, vacuum pumps for the distribution of power to certain vehicle systems,

30  and air conditioning compressors.
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trains can be capable of delivering substantial power over a w de range of
rotational speeds. Accordingly, gear trains have found their greatest
accept anceohop4i7dse in | arge heavy-duty engi ne applicati on®cTaspecsabl y of
the conpression ignition type, such as for large trucks. 20 Such a gear
train generally requires multiple idler gears which nust al so be nounted on
t he engi neThe ¢renkshpitisunechericelgopier danienglytrest plsobt éapped tpopratdivalyepr oper

support .and dri,v o the valve train and,engi.n cessories. Due to the
ropatioﬂgﬁcgﬁé JE%POVﬁﬁS%&P%émﬁﬁg?wg°§§ﬂ@@1 @Bﬁﬁgﬁ%ﬁﬂw§8§§@§ories nust be
driven andshisiohat Pekelti@h tROHAMEhAR EbRLTaNES cohsBHBIwWYRIhAudds S and
accessories, the individual gears nmaking up the 25 drive train nust be of

. hi gh pr &elves Broperie petifed mense. capabi lity of such high qualify gearing may

not be fuly x (Y42 ess. e Ln t rive train is very
careful ly %)aollsalutetlgz}lct)Irtll’léedg(ij ?’gfé;%trog\\s/eind%%%regtggl?geggé?vq%aog ﬁleﬁgﬁ ?/\g%]ﬁ\é?h%np S ng gear
teeth. hahimiksioh eysahd ewe bepi Levdrd geder trasike £atksb8&Und valvexeriy, € damage to
the gear teeth requiring a costly and tinme-consum ng overhaul of the gear

train. Stexhle dabpewenirasaifHdysENsHecludsoespe@rolefIRg pmchiPsowNnd

Sone. engr eSS SROMGE, SR ELE ol el U SRy AR 51 S et s
are nount eQedtidreet kystas, bhgeengimealtyw limded flekibiky irhegyeut sowBdHRg t he

gears directly on the cyli.nder block requires the machining of bores in the
bl otk t 8nd BcEpeomFEcyakrtanpsi Hdharcceerpy herfamshrls ag@Hics. Furt her,
these b t i t: Ve : he
canshaf?ﬁgﬁﬂ eagﬁQ%?ﬂgﬁg{Zﬁk%¥§§?ﬁ§%b%§%@f%¥ﬁgﬁg&%ﬂﬁgﬁg?@é@%ﬂﬁ%ﬁl resul t
in an umrsabl exwyiligndent fldoekaratibn,cind plsibr begndiesic aAtbedthate ic ansiicker abl-e
expense. Even when the gores are positioned correct%%,:%eparate al i gnnment
appar at QAL SPRAGETY BHiieRle{Rhrav@e s opEmegRant AT RSt er et eP B oach i s to
bui 1d_ardifGIENARK PR N GEl: & aniBUDenBld oBlerkbexB8aIS M dedfdts AT N,

i ncl udi ng the cranksha?t gear, the accessgry gears, an% t he cans%aft gear
andid0 Forthesamhlgeantdinogenetrdlyecqsreaacaesstto efigine ubtitativmy Hdweevehezeapunt ed

upon thé cylinder block.. This allows.the assenbly and mai.ntepnance of the
Goars i Fahertbs pamb Ba del B e PR PPUE Gl fal ARt BE A Mbed t o

preci si %e@cﬂkﬁdﬁ?fﬁggﬂitﬂa%tﬂaye ki gei £ YlehBSt ko ALK fo GR8"Nn Bhad t
receiving bores nmust "still be positioned precisely on the franework.
However hedvy-dutyraeginginndicetionsy espscinidel talcympreesibn sgnetiwy typessucle adéor ed
unusablf. T&E cost to the 15 manufacturer of discarding an incorrectly
bor ed f FERRIWETR i significantly less than the cost of discarding an
i ncgy r ect k)clboEeH tenOidhertlylrkdrsk ndl1gsk id1Bugdahtelhich AfisPhIes 8BRAnfceMOVal and
repl acenent of accessorjies and their associated gears is highly inpractical
due to phéeggine tharahy dudiar cempheaingdbe pioblsen ahyowidimEpreperaspp@tiand t he
mounting_.of . certal n.accessari n. the fr , IL.Le at.es Patent 20
nunmber egn?% @4@?5@2@ tr? 131 %ﬁc‘#‘ {ngzdcgeg%r%elsbg)su e%@(&ﬁ%’gﬁlﬁ%’tﬁ@ﬁ%@eﬂdﬁ%?{mClkﬁgxi bl e
| i nk powgging v&ns irhiss bahaR¥soeBs mukl B diyeaoe€ gRaktiheshigndorgabve trains are
not faced with these limtations and requirenents. The need for precision
pl acemeHIUBEMERS OF sifddiadre tEpins andpsgessoriesy thededicidapli gearsimalgpgp e r educed.
Th cc L : : : | w der
ran oSl e LR et L B By B B Bl < s
Ioi eﬁe{regéaﬁrgrm@@amotaaﬁdulnf;ﬂahml lmstsﬁfac}a@saemlmhjge@ tﬁeas"vebitrein iMvag, flexible
ink transm ssions, particylarly those oyi ng power transm _ssion
bel t i ngCaFRNY Pogitigae Giret e PW@%&%EP&N%F”R SN fagracshens 8 118X FBIel i nk
POVer T [ARHIBE ShAR%im $ir RER A IRE ée!i}el@rdaﬁiaggt@ﬁ%%@ﬁqéﬂﬁ%gfﬁ%é’?l ve
trains, in autonotive engine applications. Clrrently, the 30 nost conmon
set - up bsstiyend éavhcascessorvritapl bthegemttedn. upon separate nounting points or

gtr)r d( gt S Alflt%glrllatst tg%cceor}r%!nggatg }ﬁel a%g\% ngtlec? ﬁglit%{ior? a!xfdr}gc?urirerr]r?e% S thQ%Bém?e’&e or

a variety of mounting approaches. For example, in some engines, the accessory drive




WO f11/9-47G PCT/ USU1J187- 43 asynchronous power transm ssion belts span
froma crankshaft drive-wheel to each drive wheel associated with each
accessor ywothe4dsi ve- wheel s associ ated with asynchronous pewersSansmnsm ssion
belts are pulleys or sheaves. If is also common for tensioners to be
nmount ed separately upon the cylinder blocks to provide tension upon the

bel ts t geBs frganpitted dirgntlyparthopreging ¢dimder blople PBowererimawyirieshe setdlr i ves,

ar' ve whiset Do BT oo RS e B LT T AP P e TR "Then

spans f gipfsafehaddcsdraft ardrit e phhe eFurtieer! theseGmashahs: béﬁféé%ell}mp@d:ed Due to the
need for synchronous operation of the canshaft with the crankshaft, the

. f1 exi bl elativeikkodhe ¢rapieshaitt the parashed agdgaeht ofheiu sApowRr infRaghimE ejearPiBel t or a
chain, |n_ei , Ve- | QI t.h 1. r.ank d the
canshaf k’ oraercé)mshgl%%@ﬁlg&natsn. unifgaeo\}\ngbﬁmt%ﬁwgglé’zgﬁs@} rﬁltagtrb:%v&é%?r#ﬁga?g(g%sﬁ%g?bt%dri ves

- al so enpimyee Eeiskidehs boreafashsiliohed toyediigosephiag: dihnidesppataedis or heads
to tension the flexible links to facilitate proper operation of the drives.
Gener al Feauirgd {q shigyedronsige@dtdhaft drive is enshrouded by the cooperation
of a fron I _ A ' V. ' rotects
the dri vekppgl%?%@{r? %@ﬁs g&ng:ugganﬁr@ﬁ?‘g rkf‘ur#oﬁnﬁgr%%}gfé%gﬁgﬁﬁggﬁ%ﬁ ge'?%sso ebris, and
wat er. pfesslast,iitditding dre ommkehifhgeaeatb aaeeess gears, upo thesapahaft gedraadket s has
been to include nounting points for, accessories as part_ of the front cover,

Uni 1@&d traseasbipallaithsiaaberely Shewnit mes thep haamewdethiran the cylsse plasés such
an appr i LS t ati: 1) the
a0 200 9ARIoE.. AREAATSRALRIShHELoE ARl iRy UATIARE TR |
reduct :j and efmmest fthmdaevlm glh:bl;smﬂ)madhlrmbl)n;]siﬁ&cﬁpunﬂne _mglusdagbidmﬁs Seaesulting
in good reaction force trar ssi.on to the accessori es; t he resonance
f_requepefsﬁ%orﬁcw@g@aﬁ%ﬁﬁm _S@TF]%O%W Arecigehe P Be R ek %Mawrylffagduces

vi brati leacmirfa%o@%ﬁ&@am%@fflﬂna@&mg&%eﬁa%Qﬁb&%ﬁ@c@gﬂEd fig engine
operati on; an&,_4) the cast structure for the front 25 face of the engine
cyl 1hdemablifaclardrf disepidirfg aadncddeast prbnreddomse ok inegiifiomtiyriesugete t hat t he

accessories.can be first nounied,upon the cover, followed by nounting the

Conb nabORt BFCHRechyRPERDY bredSRane AR G kount ed upon t he cyl | nder

bl ock. YeFuxj%}'ﬂQ,tﬂﬂ@ﬁaie%@ﬂ%;ﬂ%@ﬂﬂog@}%n@%ﬁ]adeﬁqeﬁf ?ﬂ’dcﬁf‘ss@ﬁé&@nﬁ@l‘ié{r ARENAAY bracket
a

for the engi ne accessories. Some portion of accessories associated with
any gi vesarelsdiigldy anpragicat dh¢ wcthedearithimmgniredentpdesctihed frowek dhis e br acket

and tho agcessories are .t hen nmounted as unit. u engi ne's cylinder
Bl ock. S B PRy feRgeih SRRt o o o e SRt Al sn Y v s
nmoupd ednwiaBéted N&49 3Bk aftitdindBosfRanat & apfigiien. Once these are
conpleted, then the power transm ssion belt is installed about the pulleys.

Thi s appr daeiblapiskimenter Faswrighen xstagesy driping prectseries ndsvabfe taang #smeved
assembl y, DPLARCM0SLARYi0L 0% SHEREL, Sl STRRS.NIEESSANY, bR LG ARgERE | on of a
mai n assenbly 11 he were reduced and of a reduce rnventory 11st. However,
none of gddag sieivappireaniieseskaitts s ghaatly yeduodd. i Thecodbdradsiand calnalvfisrcanl | zed t he
full benefits available tg a highly integrated flexible |ink power
t r ansni R&Plaprdser a s bshantigHy widadanie ofdoiepsnlherpglse! grenBrMNSCHIHER ude a
furgher_r i b0 L I I Lhe: n n
add Y oA Ge ek B o o R e e R s
i nvent i fiexipledinkdessinhwicapparticuirtythdwr enpipyioy edweonsmlissmngreltitpe taaldi gnment
of the drive-wheels, giving rise to inproved noise and wear characteristics
f or _thetofqee%lﬁlsre link. This inproved control also provides the opportunity
to tight emdidmngia0ahv 104 &7 ANGHS 1IRRPolRHERAVIGR, B EIFIRRGH drives.
Synchronous drives require clean and, in the case of ‘chain drives,

' wel | - | udrviogeeetsemies nodrane aine, ip rotuceiveangist apploationseSulrtantlyTthe pr esent

30  most common set-up is for each accessory to be mounted upon separate mounting points

or brackets, upon the engine cylinder block or cylinder head. Then, one or more



15 invention provides the further benefit of allow ng inproved
encapsul ati on of the synchronous portion of the drive, associated wth the
canshaft ,wandvitaer eby reducing the intrusion of foreign nsdmrusoansgiishe

| eakage of |ubricant, All of these benefits are very desirable to the
autonotive manufacturers. They cut assenbly costs. They allow the power

pl ant t eybehron@is kv er wianshissian beltvspan fiowsa sraskeifisiiveovhashiontack diper t ment
whi ch can b6 L AdE 0L, TOLE- L OLETH Okl OMLEION. B Bl UGN LB AULAIODI | €. The
resul ting noise and wear reductiron Teads to0 I NMproved consdner perception of
qual i t ypewnel ieaeRsndR]ts arcthulleflicietheivalr &rik Yist ebmhids. foreasiodéraed ye there
remains the need for a highgi Integrated flexible |Iink power transm ssion

. syst em ¥iesntef sersrpelyawes theredingerrdoedsite eravidatensigrerranyida bels fo or 25

subst ang I of 4 ' |.hg: assqcl ated drive-wheels, are
pre%%ss%ﬁghégPﬁgngéﬁﬁéil%ﬁﬁgggvﬁggﬁghgggﬁb q%ied in preparation for fina
mount i ng Weambhle, Bghmeaftshec placeisinahy cdinidéchaals of iheeagiaee sarifvegur ed
includin% pl.acenent of the flexible |inks uBon_the drive-wheels; the
camshaf Whegljigatachpbiotbe canfafiaria dditinmst flpgple lpk thenespaBe 868bky drive, are
configu b AE| L | 3 i |4, 0% - rockets;
nd 30 S e e Do e o e s

pr ovi dedheratiofy dD tBd ¢ On<haft 5viPOhe OB0k 18 HbEF ] Sibteriinly woli bt behdrmavent i on The
present invention has as an object the provision of a flexible_|ink power
tratfsmi Wmne%m%rﬁwaﬁmwlevi%aléé’r a CF@auift Figrer pYPOfHBe AtNGERCHE fFrai n

assenbl yod iflecstignsh ahd iR hedhat heRpRTkédY RRLAIMhPaEdSsory dfines, pleesent
inventid% hasmfﬂg ?urt ercgﬁﬁect ofppfov?dghg Phé oppo%?gngty’?%r i mproved
cont r ol capvshnfttdnieeablsg amplyeofensiheerd moneteditiebdy ugrinvihagylindse btasks opr oved

noi se and wear characteristics for..the flexible |i apd nore conpact
G ves. Tl CpeBSBnEIG HRRGHE bk RlSCiliae WaPEHBT8] SLEnear a1 BRFG T oved
encapsualib @NinRfcaliBa Bk QRQHSuRAN t8E c&i‘ge?a'i‘i%n drh VRnt 8RS QFHRAlSdinM th the
canshaft.. 10 To achieve the foregoing and other objects |n'accor8ance W th
t helSpur pulseiroft engmeporsenthid protactsitba drivsiremyediis gnamonherdadinflueisssr i bed
herein,’aH iﬂtggrgted go r transm ssion drive and nethod is disclosed

her ei n. *'fRé° FivERtT DA™Y §%&h i nproved power transnission drive, for an

i nternal AabsBlitTo RPGIR cadDBc@Edo¥Pupcsh RbarafterhdiRes dbeddtAntexi bl e i nk
medium for transmtting power between a crankshaft of the internal 15
combust inenntEtggiaels &ercdcdessarecsas mpo vé thesirend coves s bbiitad Sthtod Raterd npmbaredy

pur pose ifat ernal ustion.engine. The drive |S.i.pr d by the
e o oGPty sF AR E LA Erh Bradibe A EalBaar R o8 upon

t hepodr i Mefth@iBanged ARk $htblaceiskorgsuhieel bhalaasablly usdwahed oupesl the drive
frame, an engine accessory nounted upon the drive franme, an accessory

dri ve- vilfedfingiuntedycipon casisindrveiaht; £hib penyides aoaetas sigfiess sefyltingdn 20

canshaf t driyve-
drive-m%ggﬁ%%ggﬁf%ﬁ%?%?%éggé§ﬂ$&%d?%%¥le e ﬁb%ﬁgﬁgg%gﬁ$a%%ﬁgﬁggﬁgcription
of the danahuhdsivd beveadcomoizasyl wigcldpaatingsiucsdibiatian ef theaocgesiadseddi N and
formpart of the 25 specificatjion in which Iigf nuner al s %gﬁi nate |ike
parts, FIFESErREECHIOETSVFBE SBENBAPHEHEY 2Bf: DRk (AsEEBIHUTE A¥RE 8R! and

toggt hefc it ttﬁeteﬁging%ﬁ‘i\ﬁciepmogﬁ is SRpYEed OHENR Ah o LMo tRhEIPRR S RE; t he

invention. In the drawing: Figure 1 depicts a prior art accessory drive

conf i guthat the acceBiogiss earPbelBsi atosniad ppbo theaww e frdloveddryheadhto@rthelr i ve syst em

30 Figure 3 is an. elevation of the engine drive dul r ., Figure 4 is a
GBS PV BT Sessylre oTe Moyaieeyna 1o ey Rnd TR

section®

PCT/ US(| 1438 nfdr E{f);%ﬁ&l Hasibeedd BhevabivARaQ mieng baidret @k iwenppdul e frane
showi ng the canshaft Figure 6 is a detail depicting the canshaft sprocket

' i ndexedacchisguiee Somepartiorbylhatcessopies edseciated v ahyi Si¥enRid@Iceare r ame wit h
canghaft .drive 5 cover, installed. Figure S is.an elevati.opn_of.the engine
ar 10 sl Frd R B R et OB e o Mo R R e ot al 1 et

mounted as a unit upon the engine’s cylinder block. The pulley for the crankshaft is



Figure 9 is a rear elevation of the installation of a supplenental bracket.
Figure 10 is a side elevation of the installation of a suppl enental
bracket. W0 okivguee 11 is a side elevation of the suppl enemcaludnagkst .
Figure 12 is a side elevation of the installation of a supplenental
bracket. Figure 13 is a detail of the crankshaft drive wheel including a

t or si onahownitdst etondhe tradlashp8nn asepariik egerehion. hener these dre aomeplated, thae the

crankshaft. Fig. .14 jcts .t ernat e.enbqgdi ment havin
al ter natp8?’v-e§l:r§'?§n8f’51%ﬂd§@teﬁl %}%28 1@%{/@8 HPI(I)WSUggﬁe‘alpﬁoaﬁﬁﬁpp%%rﬁ&es&“@?ts an
al t er natie defaolle BBWYfitE ONTY n§irB e Pasbaiebly mbtRst W RAPHIR neRIHREBLALys Fig. 16 is
a side cross-sectional view of the alternator-starter. Fig. 17 'is a side
. Cr 0Ss- s@eedsstlto the@perstion 9é afupen assajnbdbt linenw granplucedan of a degugesl a front

el evgti onve\I/l'Oew isthowi ng a power assisted steering punp fluid reservoir. Fig.
19 depi s I’}§§«£|SSpective view of a lifting frame. Fig. 20 depicts a side
» Cr 0SS- secCtHdndkr, ofs\o O ctdppaddct BB atvidua By i@ o8 hRifieh, assedaliYed 88 Fig. 21
is a front elevation view pg) an engi ne having a drive torque control I|ink.
gal | ery fulbbermfigs avaplablg teya §ighdy Brtemsaied dexiblsrdak neiveniropsnaissian systanata

enbodi J | a i I | ront.view. of an _alternate
enodi e Pie Rt e E hrilsp oEh s finlad ol oty tne et EifhS 15
Det ai | edssteaty lipd sty 0l dnhedffoaberededichmddieamng arfs. dafpbrghilgitheon now
commonly found for accessory drives is depicted on Figure 1. An in-line
f our O cy IProsalyinystien REQVIEesHhtigpr BHIEH dPHaPIey el $ostolvYef Fsrlishaettrafiize wi t h
accessory.: c - ~ , ST

o ol RaRoAEte TR BASTRAN Sl Gl R AL B G ik

al t er natThis igipaeo tedrconirolgdserat es Hieaspperturd anoaighenliémesschal rolphace of -
alternator 12. Associated with each of the accessorjes are alternator
pul | ey 284 s preddrmerchamRichi ey Sypchrannys goixes reguise eieay apli ipths spscey 22,
respecti : nlqak (Fi j f.irst
bul oy SoFHn 4508, SLATLATANY SHipihels & GbaRaSafBlch Pieelly, Melekh ],
t ens$b onéuveddompmselss ther fhttheensieinef alpuliteynpd@vetiCenagautsionfaf tist  power

transm ssi on belt 32. 'If'h%élrst power t,ragsn’i ssigtn belt 32 is trajned
about, GYRCIRUFPULERCT RS IhGnetsOsRicd MiHghpasrpstiath pad thorebypequsingdhi | ey
porti Onix%ﬁl_sicﬁﬂgf&ﬂef@tmﬁt?é?sahg@ﬁél_erngle%YlLf%gicalﬁ.' rst belt 32 is deflected by
first tensioner pulley 42, and is thereby tensioned upon pulleys 22 and 26.
A second t‘ghsf tbeserbeBitbihmsesy desrhtt tb énsiutoreotiypuhheyadireto Teflcect second
power transmssion belt 36..Said second belt 36 is trained about 15 pulleys
o Do, SRR TEaHaNSh PRyeTOT tohe F0tish vhEn i Broalats BertS 52 and
36 age RASYAEBERPAHSent ANHicE RANBAIMILS fol RRr&/midrRPeshrt YR oibbsQ-depicted is
engi ne front cover 44. A common dual overhead camdrive systemis depicted
i n Fi gueetomobllat Thaegsultivaivaseiapd weagicdecton [gasls showproved eensemeno canshafts
46. Upon_ the.canshafts are 20 sprockets 50. Crankshaft 24 has crankshaft
spr ockeperga&%hogfqélgmtyhaél?eaﬁ%e g?ncghan‘gdaciq%egﬁa_fTSHtéfrrFf\'}Fﬁg t he canshafts, the
syst em depicebRihghy, $ierd k&8s rtreed R+Hhi S8y Wieeraes gk dlenpsesr punp
sprocket 58. The systemis tensioned by synchronous tensioner 60 biasing
synchr offéusnissns sxsHaR thet Inceyposstenyuengsic Gimedmemsbereppmeellior ansni ssi on bel t

48. ,Joday. - Y ti [, 4f C aft sprockets, 50,

syn% rog%bﬁzan%gﬂ?%%&%E@E&%’dnﬁpﬁ@lﬂ I rcllga%epc)iu {VS%%%]S: ar\/?/apt%eral Sﬁlr}l%;l)edi')gﬁ(i ncl udi ng

spr ockebtizBiirienrdhesiantcalifikdd mprackeaionSdr ﬁ@alh@t@ﬁﬁgﬂﬁbﬁmemgme,eﬂhi ne 10 when
t he

it arnves at the appointed station or stations on mai n _assenbly |ine.
Lat er oACYCROTHANTF AsHBIFSIRIF FarhiglredrBcluding RlasrBeR o diieictiplgAdks 4Ron bel t 48
s trai nedy BRALAPHIRWS AR Arive4vh 8 | LQfy engi ne
cover 45}% S scexgllgelengl y p aced ll}E)o’n‘ eeﬁ%ﬁg‘%iaé H‘gﬁ#lﬂagtnoéﬁ%a%&&ﬁ}yassenbl y 30
" line, cdankshatdnfigutddaycladingapldcemeat afithd Bexibliedinkabdittthe sprogketgapd essor 14,
first tensioner 34, and second tdeegsi oner 3 8, are

i 16, :
gg\llj?(ﬁ eztw e%:fgr%ﬁggueﬂgniggn@ental protection to the camshaft drive is provi



WO 01/ 9-~7CS PCT/ US(11/187-43 Alternator 12, air conditioning conpressor
14, power steering punp 16, first tensioner 34, and second tensioner 38 are
nor mal | y ywoe1eguipped with associated pulleys 18, 20, 22, Mayusands#Ae,
respectively. After all of the foregoing, power transm ssion belts 32 and
36 are trained about or placed circuq;acent to pulleys 18, 20, 22, 26, 40,
and 42. 5 The instant inventiumepiyrfizelayentiont or all of these assenbly

oL | O BB SEFIP s Sl DR RAR A BRI 1 .

aut onobitlagsniasieh Hfstdne Bt breyi @serradilctias SeBhyn®Gessf Mxinsaahtly lihbesss st eps
into, one or nore, less critical assenbly paths. It does so through the

prOV|S|@nd@fﬁ@ﬁﬁ@h@?méﬂﬂPBM§ﬂﬂrane or an enhanced front englne cover,
adapted t | f fu o] ngl f cture
thatéfor ngh%ﬁfeséﬁtﬁn\mgl)gn%gs A sr}%%ﬁ(%%% 61 paf\/\Xﬁld tﬁe %‘%d g(% “m egn spread

- over nugeftelsvettherligands oaﬂda dﬂ\%&eﬁeelsl,:ghﬁ/hfge(ﬁse tb ﬁmpﬁfvfe@mﬁefanm%mons to
make assenbly processes nore. cost efficient, previously unavail abl e,
|nclud|ﬁ@m?%@”$@$Bﬁéﬁ%ﬂéx@ﬁﬁﬁﬁﬂmﬁdﬂﬁﬁéﬁmémﬁﬁﬂﬁﬁing upon the frame, of drive
wheel s su l S or
even driVgﬁgﬁﬁﬁggﬁﬁﬁ%ﬁohﬁg?ﬂ%ﬁ%ﬁ%%?ﬁ%?ﬂ%?ﬂ?ﬁg&@hﬁﬁgﬁ%§$ﬁhﬁ% |€§%% ef erring
to Figusﬁ&hﬁnmnﬂpduohbéﬂ&ﬂhmm Bstoditted withehecanedatinbodi ment i s depi ct ed

schenatlcall genperal, form it conprises a base plate 66 relnforced by
stif$eners ca%chleméhfa@er%ﬂm%@m Y DI GCETIN GECA LA SFBY e garmpss pf thar y

accordi d £ ds froma
substanti a % “%E?héﬁggfﬁgﬁeﬁﬁgb?%g%ggn%FgggggEFIaf@q ggéﬁéﬁg%ﬁﬁn subst anti al
conf or maacemitvort dhevesdmlpeetdibd tihdisdloedthewin. ENgi meanlfrb;n is p;emquoaed powdrhe -f r ont

shape of the conbination of cylinder, head 70 an g .cyli der ck 72. The
shape of PBENEIN G V> 68 WA GINBYSIOR ENg RGP ENGETY é%%&we 2¢Rgine 10 to

create @pBid NG rﬁé‘dﬁqh' fBPE R PniRBLWRGR: Q&%erpé éﬁaﬁk&@f@ﬂhé fﬁ%‘erﬁélont of engine
10, Frane 64 includes receiving areas for nounting or otherw se receivVving
acctss ocodmbystivensgionend drive pmepomeelr@t aandated giithe pimmftypurse thtee are

haf ket 76. At hent 84, of haf t
36 pr ot PGB RPGIGH L HEDE o) MAgivE 1S RO LR PG 0t € SBNedngi ne. 10

The out gimakispRICRES cRhsabdTRRahkd @ﬁ@h &L rdg@g Ehmkes Bl danaiRAsyHEL] ar e
sprocket retainers 78. As ‘can nore clearly be seen in Figure 4 and 6,

retai ner@eai’@lan@uht@rlltmnftlnm@m%mfsamh@sengmc ercesiory mgte@mpomtheecb'p'@nd cl osely
to the hn5|de surfacqf &% pg g ﬁqt é@ his 30 coaﬁespondence
creat es A" Pl e HEEBE TV eér‘%%&? CARBHAPFTHsH EE%IEC AR 68Y g ht |y

pr e@@edc&lﬁﬂl@fﬂs?ﬁ)@kﬁeﬂ@ c?aﬁﬂ@nmaﬂvléiwhébl PhndGRe 268dsbiNariassasdlleyciof t he

conpl eted nodu V1' O 01/ J~7Gs PCT/ US111/ 187- 43 upon engine 10. After
spr ockeewiraeediyiiee fesihle bplemsaby mounted upon retainers 78, the act of
nmounting frame 64 upon engine 10 presses attachnment ends 84 into mating
relationship with sprockets 50 and forces sprockets SOto be rel eased from
retainers 78. The tighteni Befibedeaigti@neith8broonp et es t he nounti ng of
canshaft sprockets 50 upon 5 canshafts 46. As nentioned, retalners 78 in
this preferr &H SRBRPREAE JEFEngs, Wieh e incrprraied MW drfous pare! ther her shapes
and,¢ ec hey i ncl ude
segé%ntgg!ﬁ%ﬁﬁ%ﬁ%ﬁpgg?gg%nggggﬁi&g Q%?%gbggéppég%kﬁﬂ% gr whol |y or

parti al kmbodtnents pf td gresems lrdemsmr dmalces:tid? mﬂlﬂihedes&mptxan%n&ﬁo ekpleiach of the

retainers nention 10 can cl qu npt ches, ridges or other textures
adapt ede@rgigpls Lt §3WH'9PQW1 BFi'%tes 82 to nodify the forces required

to rel ease SP@BRK?H&HQ@a&&ﬁﬂhﬁ%%&k&%&%n3§cmﬁk&%mon'Se i nsi de surfaces 82
can be textured for 't he sanme purpose. Adhesive can be added bettveen

" surfaces 80 EQMHSquFuB@hEKHaadhésnméwaéﬁnbénp¢aﬁﬁﬂnbetmeen sprocket 50 and
basg. plate 6 poi nt C act. bet.ween .t o formretainer 78. 15 .
Fi ggg es 5 an lgéredga |aélt61%‘faﬁlﬁﬂr?gﬂl eﬁeing ”§'§n%9rqu§§??§%%ft sprockets 50. As
shown, this pigafes [setkeeli®Reh MRNtneiach yepguad 7.gnment clip 90 having handl e
92 and alignrrient pins 94. Integral to sprocket retainer 50 are pin
receivers 96. \Wen cam sprockets 50 are rel easably nounted upon sprocket
retainers 78 and aligment clip 90 is placed with alignnment pins 94 through
al i gnnent holes 88 and inserted into ¢in receivers 96, 20 rotational
orientation of canmshaft sprockets 50 becones fixed. The rotationa

rel ationship of crankshaft 24 and canshafts 46 are critical to the proper
operation of engine 10. The fixing of canshaft sprockets 50 upon frane 64,
in conjunction with the kebring of canmshaft sprockets 50 with canshafts 46
establishes a point of reference by which crankshaft 24 and crankshaft
sprocket 54 can be rotationally aligned to establish




25 the critical relationship between canshafts 46 and crankshaft 24. An
addi ti onal approach, not depicted, that both rel easably retains canshaft
sprocket sv6@1/aumdsfi xes their rotational orientation is toPQTOmIpos7as e
additional pin receivers 96 in alignnent with alignnment holes 88 not used
in the described preferred enbodi ment. Then all four pin receivers 96 can
be t hr eaded. FiEhes § isrral elstationiod theengine el ve asdatrelramgehawing thgheaaishafbnent
hol es 88 .and into pin receivers 96, |leaving the fasteners | oose enough to
al | ow cdthaft sprockets 50 to seek proper axial alignment upon their
nounting on gure 41 LA Qepidtie (RETAEMat bhiRkeBneanmmhafts 46, After the
frame 64 is nounted upon engine |0, the fasteners can be renoved to rel ease
. canshaft spr Bighest 3is50. el¢vation of thetengivie slried ntadate @athgrnthreemishafedrie8 can be
el i minat ed Q% ipg use of a sinple nolded device that sinply slips into the
gap DeWeEh PHEtwo cam sprockets 50 and 5 engages the teeth of cam
- sprockets S0pightd $isaRRs16a80n PEH NBineAPRE YnddaleSi-Agt ithaheRgt g It IS
al so contenpl ated that canshaft sprockets 50 can be rotatably retained by
j our nal rengr exthadsasserigphistakled. 50 at the interfaces of journal supports 98
and canshaft rogket h 400, I Laurat i ' s al i gnment
clip 90 to ngﬁp% §f¥§ﬁﬂggyﬁ“%fﬁﬁ%%ﬁﬁ?@ﬂ&%%H§§ﬁ§ﬁ§¥$5%L?%C‘ﬁts 50. For such
an enbodi menFigusprorkeadidd e @itivarcs thedndilat@hsfatsupfidmehial pradtenal i ng must be
| oose to accomnmopdate sone | ateral novenment of cam sprocket 50 when being
sepi? abl y nobigted! Lisersidaptsyaion of e spaplemeniahbiagketi gure 3, frame 64 al so
i ncl udes syn npous .t i t:] [ I nount i ng
poi nt 104, pgﬁfl?e gé@rsﬁﬁélgﬂaﬁ%}n%%tlbﬁguag%’lhﬁfafgégle}f@ﬁtg[?%%t or nounting
poi nt 108, i Big@fe 1MOMAtddig] pothetrahidhaftsieivpeicbnachdldg d ensiraneibratiount i-ng
point 112, air condjtioner, conpressor nnug%ing poi nt 114, and crankshaft
recei vi AYNRE@asemble! omths diivgiframe i thperaeksigithol es 118 are | ocated al ong
peri meter wagj f j [+ V.8 r depi , fFigures 7
Do B o 1otk B S L Al R o SR AR T g
br atket sytiR#érohous Isalpporti ng engine 10 20 fromthe front. Accordingly,
stiffening posts_|22 with _pass-through holes 124 are provided to strengthen
t he connectiB%~B%?W@@ﬁa@ﬁ&?ﬁ@“%ﬁgﬁﬂﬂgﬁﬁFBWpﬁﬂBﬁ@ﬁﬁ@IHFQHNEF“@?O, However ,
many apg&h&ﬁ%hpns wi Il not include nounting bracket 120. Referring to
Figure 13, the rel easabl e nounting configuration of crankshaft pulley |26
i s depicted. Figull 6 &ya hidb citd2sérdisnaletar nf thg afjemoioe-stedr.t hat encircl es hub 132

near the 25 g0|2%.of.8ontact etwpen hﬂ@'éS%.an .crankshaft sprocket 54.

G oove 134 cotfper HEFUIRSFITEN o Bt PUSF ol M'YEH B on the | ower portion
of s@m dri vergoYgis 80nade 388 NG, HoQlifidls hORel 38isfeariRen®pudp Pard i on of
perineter wall™ 74 proxi mate groove 134, to |oosely hold pulley 126 in

pl ace. Fservogrtain application, first protrusion 136 will adequately retain

crankshaft pgl | 126, elimnating the. need.for second protrusion 138. In
the 30 depicF%ﬁ?%ggngﬁéﬁi%Wgﬁﬁﬁﬁghp?ag?”%ﬁ??n?igure, pulley 126 is a

torsional Vi Brab @spieRmeds criftctisidl Ve dfafe ARGlgesaiebt émitd ng 140 and
rubber insert 142. 11
assemnbly.
25 Fig. 21 is a front elevation view of an engine having a drive torque control link.
Fig. 22 is a side cross-sectional view of an alternate embodiment including an oil
gallery.

Fig. 23 is a front view of an alternate embodiment including an oil gallery.
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1~ 0 d/9-171; PCT/LISU1/187~3 In the depicted enbodi nent, the engine oil
punp 144 is affixed to base plate 66. Punp 144 includes punp body |46 and
punp rot o¥ODWSI76Rot or 148 is driven directly by crankshaf trCaAjSoamgh43s i n
mechani cal comuni cation wth the synchronous canshaft drive including
synchr onous power transm ssmn belt 48, camshaft sprockets SO, cranlahaft 5
sprocket S4, synchr obsigled descriphen ofihe Pacfai L8| oner pul l ey 62,

t t 58 |
be. & pul 1 &y areRialf 1 SRS r%*f%?e?%sao%@%s%%s@@%@,re Burp = 6
can be a_htile—lhﬂaf(ﬁir)cydhdléteﬁltehml a@ymhme@gjﬁe p@wlotvhammmmmmlt 98, or

directly driven in a manner simlar to the depicted oi | punp |44. Likew se,
. the oi | 35sasepripyattached. bEhwq%Sﬁnwn@lﬁée aNeiBPD @érq@@d)éhonm COPRERSAPIS ST ON

bel t5 490 N ft nose oil
seal5 seapgwglﬁéew%ﬂ te o%%&%ﬁpﬁ@s%aﬁeifg téf)?%%ﬁr%a%%%%%n practice
. franme 61eﬂset1$n pllaﬂé/bﬂﬂtbmﬁalmaikﬁsosmfed&lﬁﬁi &chOf &’fe&tcl‘;@k@@&@é ¥lt@hat60t at abl y

nount ed t canshaft spr.ocket receiving areas 76 as previously . descrlbed

Vi Tat er PBisHg e8! a%ﬂlag@a% Pl e’ BrOBRES SEPTIRE SURBUNEIEY 28t resReedyelpunp
mountin t 4 I $ ulley 62
are muﬁ%@é’ﬁhﬁshm B S B p AR SN 1 24 1
nount edpwiteyqnbardm?rﬁafrrnownmdehmiemg)mr}“eﬂ teh§iondrd ek ficatémivser @disly4ng
synchronous fuel eration, h s for co I essi nltlon engi nes,

t heﬁ?ue?gaﬁﬁ ISERM %@%Ems&l Bl %ag[g‘ shRo v tap ‘%ﬁ“%g?lbé i5dfangdocati on to
be driv r T n of
cranks hﬁa%lpéﬁ?%lggﬁha%%% pgﬁg?gtﬁgﬂwpsﬁl%noc Rel%s‘[éd.ﬂe rfftﬁ—t@gg? Iﬂgtﬂ §#hese can
be sepateadiaioy psligph2 eBirsttbelts2as daiectedtb@rg%raﬂ tenioter pAtely 42, cmahd Wigreby i s

contenpl ated .t hat t 5nch us dr| ve. can, j ncl ude re than o
asynchr SRR BRRP F%??\@rﬁréds{%d&) eepd e&’é’ﬁ@ﬁfd%gn@aﬁf‘ﬁéﬁc%qﬁée%ﬁ)&le{ E‘&rqyon I n
this prmt%rdreﬁéct%g@&mwgr,traﬁ%#gs@mahwn%a sE’éBi\ﬁrbeTtrB%%Hh%édl wpel t 48 and

asyncl u- onous 25 power transm ssion belt 98, form part a tlexible link
power tp@hx&ﬁ&ﬁﬂoﬂnmmﬂmecmipmlmsaertmpm déitst @ n@saceqd:beltsnij! adr3é arhan one
synchr cnou t han r anous r nsm ssion belt; all such
ol o TORIE LA SRERPTHE! AR oR s i BL o adT TRATSRBHESHT-~ of ¢ he
foregoiqg belts are replaced by chal n, the chain, or the chain and belt
conbi nation formthe flexible Iink power transnission nmedium 30

Synchr onoﬁxscogmmm duglayyshiced paom dbet ﬁYSI‘ﬁSH isgleprotad m&"dgland tlptgimabd about

sprocket o i is_inserted
h ok SenaBhln RS o Tt FrelntiRe: Breu87aa pi n
r eCH veypsOcQ&s Soherragianei al ihas praolcsket: spﬂé@kearsa rh@inddd me@hboﬁl fIn>eaditidon
insertion of clip 90, as described above, training of synchronous power

t r ansmi 8 riymerhs samehafiss the syviam dspieted also driyax WRERF PUBP S keAssBAateRet ai ni ng

i tred S FuIBRORER sp° SRR RN CRINRLE oo L BB BRI i Ton
| 36 i s syatlchedhsttensi@teapnil g6 Digansesyhidhiondin sowastahkigiskion ®aiudr i ve cover 130

bei ng angled toward retaining groove 134. This act captures pulley |26 and
sprocket 5899y8% GBROpassembiy Aragecs dorsrmshafs syrekatsal, éwhr@@USrespect. vely.

Chovet o By TPLED hehabp Ry CIT SRR bl RESTEARE alflies 0 ERNER NG 11 ane

nmount i regrdebétes! to 18 asTamised tllaxgeeuginealé)selnﬂml iy anrs/esi elphe umbiﬂi@d Btatién gure 7.

Alter naga(% 12, .air condit.i.oning.c ssor, \/\@g teerin urrp 16 are
suppl | SRRt i SEoBE S PP By LA TREr G5 i aessaly it B ey ount ed

t her eonyow2e irifdmhik£16n Belk 48 i eRShan@out §2oARE Uk endls3dandpdidydher pul l ey 156
are al so supplied. Each are nounted at nounti ng ﬁOl nfs 10S, 114, 106, | 12,

" and 11CFrontespwetcioved 44 isAsylimehy pacadsppowegine 10. Still on the main assembly

30 line, crankshaft pulley 26, alternator 12, air conditioning compressor 14, power steering

pump 16, first tensioner 34, and second tensioner 38, are mounted upon engine 10.



15 transm ssion belt 48 is then trained about pulleys 18, 20, 126, 22, and
154 with serpentine belt tensioner 152 cocked to all ow placenent of belt
48. The aseembl7esl drive nodule is depicted in Figure 8. | PATEUSIONRTH
condition to be nounted upon engine 10, as a unit. It is affixed to engine
10 by insertion of nounting bolts |58 through holes |22 and tightening into
mat chi nglterhatond@cihednelstiqnimg catepessortt, powepgieayid mutey 1blfwekergneCam

sprocket, fasteners 86 ang, cranl ahaft nounti .bolt 128, arne | rted and
tight en%ﬁfld.an ?Fgﬁg?efnsfoélgf Ehae nggggg'spr&\%%@pﬁ%g'lt raésoﬁfai%d 11{%;45 Eg%odri ve cover
| 30 overr hasiRNRY, $esPbetivaly. GRABMI dFlthdfo9&hoiise, F@W@&snﬁ%ﬂn%ﬂtEGan@xcept
mounting of drive nodule 52 to engine 1 Wil ordi narily occur in an

. assenbl 36 &t treinstiabput draptaced eirprivacend topwiayy d Sads @ablty 40 md 420nl y af fi xi ng

drive 25 gndul e 52 to.engine 10 wi] | L1y, b | et ed ith
engine. sty et BT rloolIot D e RaP FRpPER Rl ot eforr ea

- enbodi nBREmbIy Nige twighthe Dendito b aedane FiaBhitaadibe enaxy aditiaf agbnply3hth i fts
canshaft sprockets 50 off of sprocket retainers 78 and all ows canshaft

spr ock eiftshemapefapiytaeliatigmelsise end ofjedrcieg aesiak assenbly qushpy plaring thyse

kshaf t. . I I ] i} fi
cr anhal BUON SRR bat Bl 4P Rk CARD SRUBRIR 2 g B om 1 o
cr ankshaf dnghferddtieetarhd ok an egiaat&l fronteapeecbvar ddupedaskshidfhan’d4. 13 VI' O

a/9~71>; PCT/USI | 1/ 187-43 Tensioner 152 is then released to jts operating
posi® i ofnctigs, naningparticlsol magmiasirg thd ferarsapsief adrivesydevecddul e 52 s
separ ahl y: I , I w il be

onded gt BUM B E B Brdoy 8 ARKHLS FaEt A ATl MEREE " csentl y.
5 The dserfoemmbdictiong2o hskaawesepagratdsyesahdriexest dfficiemgpmeeiohfly That is, by

removing fa ners 86, and bol | 28 and 158, the drive dul e 52 and all of
its coﬂgtawelfﬁéﬁﬁ, nﬁfé\ﬂffm%gw rsl@a%aéffa%néf%aot@&a I raogiting upen thenframe. of diives whet her
sproc kext«ﬁee?sosi]cﬁ s gﬁl{l% ; H#éh‘lf&}'se)lngﬁoﬁ&?s RAGH c'iﬁin%g?tg:g!etx oPEvdnQirRlabl y nount ed.

It is contenplate or certain application ditional support of
accessowhets willy atonibénatieqoi these cHargtarsscd t hrough 12 depi ct suppl enent al

bracket’ 162, Bracket 162 is placed b en accessqries 12 and 14, and
engi ne 10RefHANSH E’é&rqsé @Q(f‘h?he'lfﬁnierﬁ:’e‘ég\%)ﬁ’rﬁ??mﬁﬁﬂﬁ?ﬂﬂ’@e%fs %—‘P?C\%} nmodul e 52
to the Jchaﬂati&t1aepgg&%r§iqoﬁa%t &%gmséé §Bs§§ﬁge 6k treih for &Y RMRlAL 8 §st hat

various nountin ations on endgine 10 can be accommodat ed dependi ng upon
t he corfheguetial corfigiratemy fisei ffefera At vald saryi sat edingaoire spscifialepplofafiopoi nts and

accessaries. Dri nodul e. 52 i s al so,applicahle t.o vari.ous interna
conbus I g HE AR o As Ry Uakoaeb b Hepe AR oL Sl 6 BRbse 1 or
t r ugks, in@hbst&RRIcSIYHRIRB Y, t1RIshATAlthe ROt Tleakin@Na) hePGRIy GO WRES
applications. A chain can be used in place of Sf/nchronous power

t r ansmi $hepoef the cembgatipm o§cidinder licad g0 as@ eplsikast §losk 7andhs shaps wif hasse shaped
L e e e T e
asynchriyfoets Revblatd 6@AENhS Foanofleined®. Hrims ¥e hndlidks aseBinsaeacket s woul d
al s mounting or otherwise receiving accessories, tensioners, drive-wheels, and engine shafts.
25  There are camshaft and sprocket receiving areas 76. Attachment ends 84 of camshafts 46

protrude through these areas when frame 64 is mounted upon engine 10. The outer

perimeters of camshaft and sprocket receiving areas 76 are sprocket retainers 78. As can

more clearly be seen in Figure 4 and 6, retainers 78 are hollow frustums whose outer

surfaces 80 correspond closely to the inside surfaces 82 of camshaft sprockets 50. This

30 correspondence creates a releasable fit, whereby camshaft sprockets 50 can be lightly

pressed upon retainers 78 and held in place awaiting assembly of the completed module



repl ace pulleys 18, 20, 22, 126, 154, and 156. Fig. 14 depicts an alternate
enbodi nent having an alternator-starter 20l driven by a synchronous belt
480. | n twbpsnembedi ment, alternator-starter 201 is nount eddmdmagrs325 640
at nounting point 200 using fasteners 210. Franme 640 is substantially
simlar to frame 64 as descri bed el sewhere herein, except for the

addi t i onpdn edgimer Hat Sfterstparckets Sodane bemy pleaseb]y mbmntadidpdn w@ieines 78, the

al ternat gr-.star 201, this enbo al so i ude any combi nati on of
o)t ernoab T HAHES T30 G4t ehE ] harest CebeBre L eh S L Bty deser i bed

i n this,gagekhibeatd ﬁﬁock%g 5 ah@@&%%@%)‘r@él@'fstﬁfto%%]rel'e%eg HoweRet¥ers yRChr onous
power transm sSion : is engaged wth alternator-starter

. spr ockeThetghteSpg of lﬁ@tenﬁ;ﬂ% ¢rasplates Sotrhexhtingef chreshafidbprockétsO0fupdh 9- f 705
PCT/%JS(11/%8E[ %g However, since the alternator-starter operation is in not
depehdetft™ R 81Gi ne tim ng, sprocket 202 may al so conprise any other belt
profile ln@dzﬂgﬁmemeumerrg b@&ﬁhﬁ efiérr@@leltnbo&%ehpﬂg ofhel thrrh 9 ROMRAL I bl e
~~~ith belt 480. Idle ocat ed between canshaft sprocket 50
and spr ﬁumms2@2118rr§b$nesmﬁ)tchrugm*ﬁsw§ﬂ@nlat d%pl@@dmiwlsqumrtedwhebut for the

5 difference in commdtethe |t|o srocket 02 and
Caiver Iy ssgarESheheT B TR R Se R S

t ransm ggicaih Weh insd@OsuiRYesad2S ©1@oMg 1266 S dach bﬂth@@&!uh@ﬂ’s rﬁé’ﬂﬁ@ﬁlbdm nt, the
case of alternator-starter 201 is integrated into frane 640 at rmuntlng

poi it 2@m.inqiHde a@tgl@esQﬂdaqStOéuoﬂm trtwendapiedZo toeperafasithansidashifacesi8as an 10

i ntegr ntin i pakt s .of

alter n:{ olﬁgé% Teqlmﬁcc} %JFI%S%tSI%OC?(Sf?rO r}tfoﬁ%f © %13 Rﬁ/ﬁ? i‘lée“tlﬁe hnsé%esenbl ed
into thﬁlrfaaés%z éantmeﬁtafea fopMhBeEmapuiosél Aehdyalean bt aldeIbebdden~as an

[ ndependent corrponent Tl us enbodi ment further increases ' the structural

i nt egr i §4yfaees §thando®ler Brihepsdbeseyasandieinhicsd bERFeR Rropkst RAHNE Apsq Matst  and
attendagg f%&lgﬁg&%n%pﬁq\%&qh Gt‘gfcli 1; L &Mgt he alternator-starter to

nmount i ng, Ddint ricating the conponent case as an

i ntegr al’ Fagire0s atide depicivei goondiif laalégmmn les(shaﬁsprobEetaﬁmll Aedhéwn ahl of the
ot her atcessqry caonponents that are attached to the frane including the

pover al¥§fesied FThOdBRIH N Piiep aigmenigfip |9H1ha@@g|hémﬁ1§8%ﬁn@@hmvampenSr

condi ti@pi 4 foRr g0l
alter na?grmstgg%{g%ﬁggl%t f%ﬁlagﬁeﬁ) %ﬁﬁ%cﬁgﬁe 9% %%?Mr st rmde t he
al ter naxtemasaaﬂﬁntoamedplpom;&scl&tt rqn:hymm%amdahgmnmt;:hp Spiopliackdngitiponer to

i e en ine 10 is operatlng In a

varl ous i ne eI tric corrpon
second enap%sﬁélvavg Hlgnment %%%Aakné%ﬁ 4Nt NR BCEIWPIS 400 t hi's second

nodg) er&%’ta!ﬁ%n&l%r?eh@artﬁoﬁQ»f'cﬁ}nﬁmﬁ%%h(etfs%@@e@&haem"t%vqrhe rbthii@l30 can be stopped
when it m ght otherw se operate at id whi | e consum ng fuel and emtting

exhaustrelptiseship bbHeranksnfil2é and cgﬁslaiﬁstﬁiépilm gfitical Mribe prophiepparatiansofnecessary to

start the.v rce ch.as a.12V 9r. 42V batter rovi des
power (G e L nifeoad Bt FlnRaBrFpgReIg s Aie BATE 6P colpRRI T sy ey o
exanpl egeyidy dRSRRASE sprecidtd U Rith embmPdlU 6altaBlhidhat Qhomt 8f te@éred@lpyl S
ener gi zed causing belt 480 to be driven by alternator-starter 201, thereby

dri vi ngvhigk cemkshafinboansompakaft soravket Sdem h@romimna%h@lm@di@%fddwbl ng engine

10 e.engine 10 is ernator function is
reszfme . gff&] 1?%?51& tﬁonsg]rpno Fweefltcaméga L&’nan 5? E?\@% r starter 201 in a single
conponent Aal ddavsorahgseoRhheit Wepieicdepar B3tk réloxpeReathms tanbie f&prockdsO
QL/9-17G PCT/ US| | 1./ 187-43

50 and fixes their rotational orientation is to incorporate additional pin receivers 96 in

alignment with alignment holes 88 not used in the described preferred embodiment.

Then all four pin receivers 96 can be threaded. The final step is to screw fasteners

30  through alignment holes 88 and into pin receivers 96, leaving the fasteners loose enough

to allow camshaft sprockets 50 to seek proper axial alignment upon their mounting on
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utilized at a single functional |ocation on the engine. This elimnates the
need far a separate starter, usually |ocated on another portion of engine
10 adj acenb vims7asfl explate or flywheel. Ormitting the star trem e 18743
incorporating the alternator-starter on fr ane 540 also 5 significantly
reduces the materials cost by elimnating a separate starter and the
assenbl yarsihafis 4as gdcr dicethimg ¢hisimeutrdtd ipng dnigmedtdathiedasterers @nd® r enoves
installation of the starter frc%mttae engine critical assenbly path, since
it is tik Weﬂg%F%ﬁS%F@BS £t H'%ESAi ve nodul e assenbly as described herei n.
Fig. 15 depjsclotitcdpRitBeihahli @it BolRe RO dhBt]ihReled By Al Bsefdf@lsihpieect i on
punp 10 conponent. In this enbodi nent fuel injection punp 30l is nounted to
. frame ouObledtdelise dhat smigpolipsHutsepe ghpbeitvsen ddivbicemaiprdakes|SOiamdect i on punp
moung i n ortion, frame 640Q is stantially simlar to.frane 64. Fuel

o et | g akstt LR ey HER ABaR drsnaR bl bl « 800,
Bel t 48@fhigsgages fuel injection punp sprocket 302. 15 In the case of
conpression ignition engines usi n(PJ[ traditional rotary or in-line injection
punps cor rfeistalgopentaniijlated fhehcamghglicpeckets 6A chs belrpeabisnetaingdbyengi ne ti mi ng

requiring the use_of n onus belt. }n the cas a,spark.ignition
oo Bl 43Rfln SrSaBrR A1SH B BRIces of PrblPufBRfs Ok af BRI T b

fiiel igireetet BilbsSHBL EMRiEnfigatatibyelill RESHRIRAREAL JIPHONBYixObtABYalnot be
dependant upon engine timng. In those cases where correct 20 function does

not 1M epementafpporrizagshisadet T Barisaelstn puboiimpel, enraelict Fotiacisdn,arspr ocket
302 may : j ot her

bei ¢ oy TR b BarREe RL RS N8 BhoEbig S ke aPn B s B, 302
has a tmbék%dS@Rmfahbeinglséﬁaeiblpmmﬁbédi?@nicém‘sKa(ﬁ&liGed betiueen canshaft -
sprocket 50 and sprocket 302. Except for the difference in length to
accomuodatieiemag s gy 3.ifmmett dpr Brskiles 30ThkoRgus Gpepngunewying@sint hel t 4800

i S subs iall i L . I j - elimnates the
need tofgé]ye??éétpé@ lg}’%@{e“v (élelﬁqlbéfjp‘ebc %rg%%%ﬁ%ﬁ‘gh%ogb {lgé:g&ﬁg?é q’ocati on on
engide difemdtdr rabsiaing] poifitr1d8 cislled nerpéangbeins | B sépentiiwttalil tedidignet uel i nj ection
punp i ndependently of the npdule. This significant I%/ sinplifies overall

engi ne BRI BRI g} pip GRS FOMRBTeEtATiTpMIngnEHomb 114, gnderagkdiafissenbl ed t o
the fr : 0 f i i N O

ULl 9-7 R U PEPUR 1P B e e Bl e R R B Mt et <o
shaft 2DbforSmdrtinseah d806cpree 3@ niepictaininalifigman and B ptm femhe64.NGhisr ame 640

al ong shaft 205. Alternator-starter 201 .is attached to frame, 640 using
f ast enel?rg%rie Cmbpfimpy _eﬁf{iuieﬁ a}%orea@uqtgﬂ&bé%ﬁkst;@dgf SrRgi %Y descri bed
el sgwhefemitfe EBLS ARSAIIHIGaLIFRAINNBsRUNO Ny SMCIHE AL IRQRNELE 40NS are

Ay

required 5 bet veen alterhator-starter 201 and engine 10. Frame 640 fully
suppor touideeé tnsttangtien dne @mng@ion hdowesnemgirief1 Orapd umatekpobetgtgeneskst f r om

altern r-starter 201 t ngine,10 other than fromfr 64 may be added

fo furt i Sefreedmineraledige i ad SR g L80s B384 . T ecti on pump
301 is comestiggltd Pightearme 18ACRagb1d matmilamnfiSd@ion sf Aanthsk pages 306. Punp
301 is connected to franme 6400 before frame 6400 10 i s connected to engi ne

10. Spridkedegord; SulenhittetB2 kpsspaminggmovi 11 thalsaneieles hgp432 nepr the
256  point of contact between hub 132 and crankshaft sprocket 54. Groove 134 cooperates
with first protrusion 136 formed on the lower portion of cam drive cover 130 and second
protrusion 138 formed on a portion of perimeter wall 74 proximate groove 134, to loosely
hold pulley 126 in place. For certain application, first protrusion 136 will adequately
retain crankshaft pulley 126, eliminating the need for second protrusion 138. In the
30 depicted preferred embodiment, of this figure, pulley 126 is a torsional vibration damper.

Thus, pulley 126 includes inertia ring 140 and rubber insert 142.

11



ot her structural connections are required between fuel injection punp 301
and engine 10. Franme 6400 fully supports fuel injection punp 301. A fuel
l'i ne (notwehommsruns fromthe fuel tank to the punp and froanusohesyEenp to
each cylinder (not shown) as may be required by a user. However, if
required, fasteners fromthe fuel inj ection punp to 15 engi ne 10 ot her

t han from hrthergepdedrapbbdnwdt ¢lat ¢rgifamit hanp $44 fsfafinxddte basselatslop. Fig. |18

depi ct i 400 attach t i d f 4 . i 400 b
Do hodufs T dudd i s B indtiunaet | BEROfs s e g ol s
(not  shemkshafidae sndRlin GRERLIIER cOmSHRRM YoARGLEE $bhichshdchahbr Retween

reservoir 400 and power steering punp 16. 20 In another alternate

enbodi mwiydingsanhionpusg@oy erdianbeisaienibettd§r edmsbalt sprotkets dveer@dkshdbur i ng
fabricatio f..frane 64, a cavi not sho i s_made in frame 64.for

cont i nergeidedr BFGeRs e BO-ngehooBO Gt ERAE D A TR s or o

- i ftingahd @aR: pAnbispidcR@ S8 aMBet fukp epkotitetlsBichn alBsl bok panvy agvéreslifel ate the
drive nodul e during the engine assenbly process. Lifting 25 fame Q00

i ncl udesthsoeige ebhelt 4. fustiwoavater pirpaéh e boalisomclpdriverPbaesyngERneyic| udes

PgLFE d2gé\ggrntgan%%ﬁ’sg{o%rbeﬁ%agé @ig%cél qﬁ'wgg% a gq(%%nec% 'Jéié%% fkﬁell%eggci’té(c{ c}ﬂ e Q03

circe rformor ging a drrve- ting frane

600 is piupti4enuagadseMHeviBmehRnks baf be divenéywheshchlond@xgowdrat e 602 is
lifted slightly onto body 601 to allow holes 604 and 605 to engage rods 60G

and!B0 GernyAsibbYF 4 HBUlE ERJIChIReRE PO IUrang@esspngelt PS. Cirpnkisheft nesgrpdl 600 i s
now propes hyn fs thé/ﬁ%e%/e'a}gﬂﬁ @%1%%%&&%%2@%49“9&9% to lift frame 64
roc a IS renova

for the asse Yy p €ss. € once assenbly is conplete.

Ref er nng tla pridgice 2@mealdiig proemdedf GumeshdQOpiobldisisiesre Foldmabgobacket 701 by
which frame 700 is renovably attached to an engine. Frane_700 al so incl udes
gui des PEOPNKAGE cAyha SRS KBHCEMYIER 2F3a L0 PoRICXIpdSly dlesaibed s W dpiRyIgP engaged.

Rods 70 =~ I ' j.Qr: ' i nal i
b ough G050 SyTRKARR o BElleh: S0P fufly BhAlRL BORL 14T "M cpacti vel y
engtye Sondtespon dnegnbodesnd7a8odndd p09eyi 60 4re armnted .at Iiehassagtehyiopgrocess

general 'y includes._ attaching a drive npdul e tﬁ an engi ne bl ock 10 as part
of engi HOUARRERHNY1 02D RYMBPAT 4t MOHNteR Al FAYTSHY FcBkNEMe? AP riftat i ng
conpone : I : i | N s

sel f coﬁﬁgrggﬁﬁgg@ﬁngg??ggﬂggyggﬂP%@ﬁggé?ﬁgn%?ggésmgﬁéﬁﬁggﬁﬁéﬁﬁgggives a
port i onendin¢shtheusalpueppmwdre ravetdpebasopldihes ermiapprdpriatklodationig beper at i on,
general lLLy froma connection to the cra haft as, .is.nmore ful descri bed
et el . S DoPRGTR RGeS S Rp b BORB S SLe e TRISe. b ock,
or g4 ankshiafd crhiksRak khieukarsd b dErovRRY! &hBdcMh B8 SepbalyisoppBdafenpoiter to the
engi ne as nmay be required by the engine for operation. i s includes

el ectri eaintggyelemiigener at ed by a conmponent on the nodule as nmore fully
TRl T AR E M L SR, A A
pover speeidyichrafslisdowPtrnsmission belt, depending upon the application. In this
preferred embodiment, both synchronous power transmission belt 48 and asynchronous
25  power transmission belt 98, form part of a flexible link power transmission medium. For
those applications requiring more than one synchronous or more than one asynchronous
power transmission belt, all such belts form the flexible link power transmission medium.
Where any of the foregoing belts are replaced by chain, the chain, or the chain and belt
combination form the flexible link power transmission medium.
30 Synchronous power transmission belt 48 is provided and trained about sprockets 50,

54, and 58, and pulley 62. Alignment clip 90 is inserted through alignment holes 88 and
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20 fully described herein. The fluid power fluid nmay conprise an

i nconpressible fluid such as water, hydraulic fluid or power steering
fluid. |twoayvaieso conprise a conpressible fluid such as aigr/esoiasher
conpressi bl e gas. The nodul e may al so provi de nechani cal power for driving

cooperating engine rotating conponents, such as nechanically connecting a
cr ankshainrecavers SansHzhtcapshafbaawhelfets0 oe retoticudti foreh by inssrewsyrdlips using a

25 flexiple Jin s.more :fully described herein.. The |l e installation
or ocess bt R b aRn Ay e o SR ER Rttt L R R MR be
acconpl ifigBestafdshis Sprotidt 33! RREN SN brddye ¢9NNaahtMH bQeddiM frofiioPf3g10UNt i NY
point or fixture on the engine for receiving frame 700. Rods 704 and 705

. ar e t hefapxdrsmededen B0rie thenvitetiupaneragy. 64rt apemelsr well fdnilpitieAY.ddstusi ng
lifting fi C : Ofy.: LA ke s shown
s o2 583 AR REREAH 8 B TRLOTL TR N BEbEL s P

usi ng hokigs af@8d totidd rsipRGtdry@leyl 34FITanEadd dapttret PeleylB6 andpfabk. U7 1>~

PCT/ USO / 187- 13 pushed into engagenent with an engi ne front by sliding rods

704, 70BetMseD Gt agdifgend potusips 13 abELS, yespsctivRlyd Campdrive osyeahdl Kol es 703,

703 are | .er m Lyt i rder - a] i gnment
of 1 ambRBap R IR EEE: WA ARk OB B R ol e B BB L <)
and cr ailsehaf sndaschtesd it ednel iaewhzigaiolad 118i This ssapeeil bieaiblyR.depicaite 64
nounting position is further determ ned froman engine datum plane A-A to
assifte Bt éﬁfkelationship of the conmponents, Once frane 64 is in proper
position o i £ 14 0..] 2 r hsasupported
by alignnéﬂ¥ ﬁgﬁggﬁﬁ gn@%ﬁﬁﬁ@8§£§?%?ﬁﬁgwg%@ﬁfﬁﬁ?ﬁﬂﬁgugfoﬁgﬁg§ﬁ¥%§gaded

f ast enemsthasscidteipidleye s, 28dand2y) redpectérdy, aeuntedabebod. r Berpeithe betice frane

64 is 10 fastened to the ine, rods 704, 705 are_.retracted from hol es

708, 70?nélﬁaeff1r5§r@d?’8 ey @3&%&%9 thgéa@rﬁgﬁqﬁémpwqa BHEA NGOG ce such

as aro | i % t he i t he
E%bfurﬁfﬂ oq{t%‘gﬁ, ;gg,ﬂ%?lyﬁ%ﬂd 1‘?0,%@%3%%@@31. Agﬂ%hgd#*%gigﬂ%r"

engi ne. The rofary ivel al’'so may engage an € rod 706, 707
t 0 ‘H5sutrengmiepar badf Guhakirahedahmmbpuliays h8) He 126X met $54Hwith sgrpedtmeassenbl y

process, The drive-wheels are then fastened to their respective shafts as
15 descP@BEB“@P@@%H@P@“ﬁHOPh?gqgﬁﬁEFPﬁ@ﬁpt&ﬁ: Fig. 21 is a front elevation
vi ew of a“ﬂ%Q@kﬁﬂﬂ&ﬁ&ﬁﬂQm@dﬂEH&&qﬁ&é&ﬁﬁﬁ @Rtsr af islnoBkin NRERLh RO acket 801

is attached to frane 64. Munting bracketf 802 is attached to a vehicle
frame SoBunTonpoueechdinklBGS aiugitc dhinetived thengieehl hy institiog ddmaskeng 801 and

(not - snBa /7 FF0s8 noigs 2L PP RE TR Bitafi s RupaRE)e Bt RafGeQLR™ "°
tragsm tiigtdet Blokine2.VeRnGhey ket 88 BiOuARkhan axtinkihgkoBA38 aMount i ng
bracket 801 is preferably |ocated on frame 64 so as to nmaxim ze the

di st anc@sptadarddightavatt CagsimibERiencigutesantiesigh aee Mowdingen d&yechs¥ t he
engi ne %ﬁg%%£%ﬁa%EggigghgﬁnsgCgé@ﬁm”%n%kagance as possible fromthe engi ne
s v '

nmount 8 r, e positiron”of nountrrig brackets 80I, 802 may be

vari ed i n Evegi@hing @x@pt amnatinpopdtvaiasige se edeighes] § ot ardgiavignoscehlic! e
configuration, FIg. 22 is a side cross-sectional view of an alternate
enmbodi nhesspmblyddicmiherihas the grn aytgmoipeeasemnplydims. 6ly affemegdount ed to
th ro f i i inc I o o bl ock
00225 . Hlsdle S Rng B0 il iR LRI o Ot P e BB © s
fluid ctrmedh aoonande pagssdgelilet ween the cyl i nder head and the 30 engi ne

bl ock, for_exanple, to an oil pan attached to t bl.ock ot. shown}. Q|
punped t o 1o R RIFRAERPREEEbyDE Heligrine aﬁg?atechég%saHS\xﬂ}lO\g%q&&ghR R ough head
900 to fife.headatBrockets 50 off of sprocket retainers 78 and allows camshaft sprockets 50
to rotate in concert with camshafts 46, Tightening of crankshaft mounting bolt 128 lifts
30  retaining groove 134 away from first and second protrusions 136 and 138, allowing

crankshaft pulley 126 and crankshaft sprocket 54 to rotate in concert with crankshaft 24.
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CVO (11/9~71s PCT/USOL/ 187-43 drain 901. Head drain 901 is connected to
gallery 902. Q1 flows though gallery 902 to bl ock intake aperture 903. The
oi I then Wbews418 such portions of the engine as may be cautaciiedsiie the

bl ock i ntake aperture 903. Gallery 902 is sealed to the cylinder head and
bl ock to prevent leaks. 5 Fig, 23 is a front view of an oil gallery.

GaI | ery Topgonas 18R évihemmleased & itherskaingnoaitione The éengioarn! % ea 9b7he However

is a | er t nd exit
fr om ar gg@ggggéelbdgﬁﬁ n%dugerrg%% g&dlg%cﬁf a&adsne%gyl&gﬁﬁeﬁ’ eg%gsegg S gal | ery
902 to puBserts \kzelaiearged@rfanﬂhﬁllreh oivét ihioanugal ddenyiti9f2whitheviflgidvent gal | ery
902 shown in Fig. 23 is offered by way of exanple and not of limtation
.since i®#sseB1bhbssi bl e to design 10 gal l ery 902 to have any shape necessary
to a com‘rogl ' [N n 9%¥mnents.
Gal Igry 90 ?etn%‘%af‘i%ﬂlésjg% kvsg%é’g %ﬁﬁag?y mggg{ap%g%n\c%amr gl\h/i}%ag g%ﬁegnnce cooling to
-t he engifssenarsdorand blodis 12Hratdi $8 ehndamdwmmule ﬁhencaall ofjad t@rsyitiah pawscaai r to
ci rcul aﬁje bengreT,g t he rmd@)l eJ?frarre and the engi ne. The galllP r allows air

It

to ent eP®FYRIFAEhBPERISHS T tris Vel sveckastin) e pheeu aere
circula austs froman outlet (not shown) |ocated on
PR REpY A AD N

top of orce ir flow systemcould al so be used to provide a
cool i ng aiIrtisfdonwmprhatedrght frodetteingapli@tipnO9QRlitidml suppsrtexfiaockisseiat magi r i s

Lo 451 obF RN e Eofe b 12 Sere AP BERF GURatiroti 201 & arranged 1o

al | ow allo_fac&l E’é‘t/wE&V@dc@&%n@&[?%d H‘%nﬁ@fi&lhgliﬁra%ﬂ%oﬁéﬁ fd &egnt to cool the
frame. The gallery nay al so conprise cooling fins for exposing a maxi mum

surface ar"ﬁatlmapdlmtenm@nﬂmgrgfrau\re thbdide SImlylerfroahdﬁmgrnee}rﬁ)}wrhwnt gal l ery 902
i s expanded |Cghﬁize e1 @ﬁ@aSh an air ap gt <veen f.raﬁ 64 and the

engi ne WP AT #% Coniegplptg VaFI"Pr‘szm%lw Fir99288°F BYract €Y 25 insul ate
the fragoaitodad Rpkdding hp&?&%@bﬂﬁcﬁrﬁtﬂm SNGLNE 108aH asRRbuct jrerof the
modul e tenperature using an insul ating | ayer "of air has the effect of

i ncit@asiakg- Otfﬁreomtpenétaq:mrgysdrreﬁ eDoive mivglulpelt is alsThppliabbgoi vragoulselgqu»tr on and
illustrati odi nent.s resent .invention,hav shown..on t he
ir o e RRERE PE ot AR RRG b sk S R B e R s e

al t er natdaMeqeiphedi, ABBa%:, add stahigid-dpHeeripaiResipdidatidignever, that the

f or egoi ng descrr ption of the invention is exenpl ary onl and that the

scope of tAhehainganbe wiediis plage 9éspghrongys rwvfrfrriragsrmrﬁew YH@S(]IH‘MD@? t3
limt edcé)sgl %ﬁ)réc?(e{s a%ld%'4 1ﬁ§ be %a el §15 g?nétglgsflggwha% aﬁ&%mgfﬂ[oggrll ar Era

Mor eover, rnventton | USt ra ereln-sul

pragoi ceedsﬂoﬁeﬁfmavabaea@@c@lﬂy nryudel.eligsin piiecdt pusieop. apﬁﬁhfmalrdoy dr scl osed
herein. 21 WO (11/9~7Gs | daim PCI/L' SfII/187 43 1, An |rrproved power
pl ant ofePlase aBXASBIORAYS PRIV A ansmEsIeaIbel Ot s Y HAnEMfien®rosketd Henlf glsa

cylinder, l?alc‘%@'ﬁll?% %yl,?rgzl,erhgel%q afi Geanl ahaft, and a canshaft, and having

an engi ne ory, "t’he’i nprovénent” conprising: 5 a drive rmdul e separably
attached tRKigsiai cd:pﬂ:ysl amaemdit enboditenskavih gcarpaibesirdit-staer@ Ol @riven dy eanshaf t,

sai d nDduI i ncludin e l e link pomer transmj ssion drive and adapted
to tr an§¥ﬂ PERhH %@} aIBdb\lé ”g’@g%%’rtr altgingtogsSianies ig]f s, m%%ﬂtﬁf[ and
sai gs engidg AGHRRE Yot 260 u@mg?@s@eﬂem I@Vﬁﬂiﬁ{gé@frs %I%HHH%H% Hﬁﬁxﬁ?fo POWDV I si ng:

said drive nodule including a frame forne a support for said engine
accessofiyme 64 as described elsewhere herein, except for the additional alternator-starter

mounting point,. In addition to alternator-starter 201, this embodiment may also include
any combination of alternator-starter 201 with the other accessories as previously
described in this specification.

30 Alternator-starter 201 is driven by synchronous power transmission belt 480. Belt

480 is engaged with alternator-starter sprocket 202. Sprocket 202 has a toothed profile.
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3. , The inprovenent of claim2 further conprising: 15 said franme forned
with a depression adapted to receive a portion of said canshaft, 4. The

i mprovenmewD mef4mkai m 2 further conprising: said franme formed/vstithsasmating
surface having a portion, which substantially corresponds to a face of said
cylinder block, 20 5. The inprovenent of claim11 further conprising: said
fl exi bl eldéwaver, spxozwé}ne dlteama ni- stsﬁtmpdraitiveisi indoudlﬂ':pmgdaltpo\mgintrtiadsgn ssion belt

i n mechani cal mruni.cati on.wth haf ocket d cansha

spr ocketSpfO(?E?ﬁerQg TR $1SQPOTRRAISE 4] é-tl%lH@ ”éiérﬂm?]gmﬁ} RS gg’hlé bto said
canmshaf tg 1&my ANis:BhhaRBMELit HSANSIU, qalep 8] 403118 1dBaERRN@L GRBRANI cation
with a crankshaft sprocket, said crankshaft sprocket formng part of said

Cdrive moducketSidindsprackpl 302 dinet0ds substantiply srmalak shdlt 48, but fohéhei nmpr ovenent

mechin ctemiarEdt bR Pbeat uh B O SOt bR 2 1o

-shaft ofTiedleditdc GRS s@nprisiAg sync‘}{ﬂon@.l%xga‘l%sﬁlssﬁﬁ%eltmgo@Ya%fm%t of claimé6
further conpr|5|ng sal d engi ne accessory drive-wheel being a pulley. 5 8.

The i rrpr@m@ﬁ@@w agt. claim 6 :further conprising: said engine accessory

drive-whee Yo ray of . cl urt

conpri si ngin algt%:llt?eggﬁb?& ge %Eésf"é’}-? ﬁc ziﬂgﬁ ﬁ?%@tlbso%grﬁ?d;ﬁ%or} 5%6 drive
i ncl udi rh@m@uﬁth@g IﬁbmmOEECﬂiHUa@@bfeJl&nmeﬁ}aDl Qcadt dimachgasaht sprocket,
sai d canshaft rocket formng part of said drive nodul e and reﬁar ably

conr@ct epfegral Rai of %ﬁﬁ%ﬁé@ﬁtmah@rlr@amm@ﬁau A 1p pareelaisrmater-sater dAbini cat i on
with a %&u”chﬁ&‘ﬁ{etrogfr sﬂfex%ﬁio?re%ﬁéndas%nfd“gf{ﬁgé Ehe% LVt qrx{ngﬁr%gg% art of

sai d drive nodule an repara connec sal cran The

i mpr ovenitathaf-sattar mlwﬁmam hﬁiﬁp@ﬂﬂmdompngents qihid smliimdnnaﬁlfagharnnmbani cal
comruni cation wi.ith an engi ne accessory sprocket affixed to a shaft of said
accessorie stogturaljintegrty ofHie eveak Aiodgke %F’T‘W@U&Ih?m?ﬁ hariebiqIRiang: sai d

e R T
engife qﬁumethod of Zbrit@tinglihe compowane smnts off imé@alpaltt §ithé theve modylei Si ng:
frame may also be applied to any of the other accessory components that are attached to
the frame including the power assisted steering pump 16, fuel injection pump 301, and air
conditioning compressor 14.
In any of the foregoing embodiments alternator-starter 201 is used in two modes. In
20  the first mode, the alternator-starter operates simply as an alternator providing power to
various engine electrical components while engine 10 is operating,
In a second mode, alternator-starter 201 operates as a starter. In this second mode
engine 10 started in a normal fashion. However, it also can be stopped when it might
otherwise operate at idle while consuming fuel and emitting exhaust gases, for example at
25  astoplight. Then, when it is necessary to start the vehicle, a power source such as a 12V
or 42V battery provides power to alternator-starter 201 for operation as a starter motor.
By way of example, in response to a throttle input alternator-starter 201 is energized
causing belt 480 to be driven by alternator-starter 201, thereby driving the entrained
components and turning over engine 10, causing engine 10 to start. Once engine 10 is
30  running, the alternator function is resumed. Unlike the prior art, combining alternator-

starter 201 in a single component allows these otherwise separate components to be
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said flexible link power transm ssion drive including a power transn ssion
belt in nmechanical comxunication with an engi ne accessory drive-wheel
connect edvooi/s&icsl engi ne accessory, said accessory drive- \wogalSoamgy+zai d
accessory formng part of said drive nodule, and said power transm ssion
belt in 30 nechani cal comunication wth a crankshaft drive-wheel formng
part ofutiSa¢datdrsingle fmuttibraldochtive patleExingineo Mectlevinees geimed farkshaft . 23

V4' O (11/9~7GS PCT/US(111187-43 13. The i \ t. of clai th
conpr | SFREEC S PERLDDPETY A SO PO A S O et P ACRUAFIEGT o
synchr elpower transm ssion belt in nmechanical comunication with a

canshaft sprocket and 5 in nechanical comunication with a first crankshaft
. dri ve- whe@mittiag theasiade\and inemprrstiggothie eltemalnssiasist onfibek 640 alsrechani cal

co ni cation.w th an.engi.ne.,accessory. drive-~~~heel .and .i.n nechani cal
Comtuni BRI BRI oL LEAHH TS B Shirkfipg € seaaty SegBorndste SREPRLT ovenent

of cl aismpd dssbtibicheritic MRl thgstaga. dt Alkd fdmieailctMafion of the etanbe®bmand sai d
second crankshaft drive-wheel are fornmed into a single drive-wheel with a

first poreigow aidigpt asgemblymativisinge as thes yiromanied s ithdhefrive madwe ssi on bel t
and a sgcond port ed to receive said asynchronous power
transmagsseﬁ%% gse({etsfgrqqﬁeg%me i nprovenent of claiml1 further conprising:
sai d fl exFig| &5 Gdpikis ROVEET AlfcamSaTta50 dimMelyihy@dingal fudli if@ctién piap n i n

nmechani cal comruni cation with a canmshaft sgr ocket and i n nechani cal

cofRunicempprant wint thissernbedimep Hplkdisalon phnR 80 Witdaountethle fame@d09d@hr onous

power tl&c%ﬂ&ﬂpﬁ(z;ﬁg%%?f&%é a(i}i]d?ti&ﬁa? %pin'éacltioﬁggﬁﬂ%&ﬁ’}tiitng%om&ﬂhfr ¢€Ngi ne

accessory p i n nmechani cal co ni on,’ w a setond crankshaft

dri ve- wheels.subfantTdly simfinoeraant 640fFiel ajsatidb phitnptIderis dovgrtysi ng: said first

crankshaft drive-wheel and,sajd second crairkshaft drive-wheel are 25

f or med SYHEPTIRUE PAHY PRl sV es hil 4&9& kel 0P sn24sss O HUSILBPYEPt 0 recei ve

sai d chaip.and,a second portion adapted to receive said asynchronous power

transm ssion belt. 17. The inprovenent of claim 13 further conprising: 24
15 In the case of compression ignition engines using traditional rotary or in-line injection

pumps correct fuel injection pump operation is dependant upon engine timing requiring
the use of a synchronous belt. In the case of a spark ignition engine or a compression
ignition engine fitted with a common rail type fuel injection system correct fuel pump
operation may or may not be dependant upon engine timing. In those cases where correct
20  function does not depend upon a synchronous relationship to the crank rotation, sprocket
302 may run on the back (not shown) of belt 4800 which may be any other belt profile
including v-ribbed or multi-ribbed and V-belt.
Sprocket 302 has a toothed profile. Idler pulley 303 is located between camshaft
sprocket 50 and sprocket 302. Except for the difference in length to accommodate the
25 addition of sprocket 302 and idler pulley 303, belt 4800 is substantially similar to belt 48.
Again, this arrangement eliminates the need to separately place fuel injection pump
301 at another location on engine 10. It also eliminates a separate step to install the fuel
injection pump independently of the module. This significantly simplifies overall engine
assembly by allowing fuel injection pump 301 to be pre-assembled to the frame 6400

30  before frame 6400 is connected to engine 10.
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WO (11/9~7G5 PCT/USQOL/ 187-t3 said drive nodule including a frane and a
cover cooperating to substantially enclose all of said synchronous power
transm ssvonibelst and said canshaft sprocket. 18. The i nprraTerssntsas cl ai m
15 further conprising: said drive nodule including a frane and a cover
cooperating to substantially enclose all of said chain and said canmshaft
sprocket . Hegerring to ipg.olle dpyssheir2 02 ris mevingsli torshalft 208, Sheft saal 306t meveits

conmbusti on_engi of the e avi a.tlexible |in Lum for

t ransni f?lﬂﬁﬁlrﬁgﬂ&zqo%@%%%g@r%ﬁf %gfsﬂl‘g%f“og'a: tem%f%f%%&f?@ﬂﬁi@afgﬁé engi ne
and dri ¥efeQeTBNeHNiSy fktendfSPIW, 3l € heWirt HraAnd b40TRY YoriEROSE Afinsai(dad nt er nal
conbustion engine, the inprovenent conprising: a drive frane, a canshaft

spr ockeflescabashslapwheradn this srepbertioni dNelothas sirmeinn] cosnestionnimiesieatired
dri v,%e é\é\@&g}eel{ Slke?ﬁ?@?%%ﬁ%%ﬁlt §9 4ReR 2R ﬂa%%'@é?if@@?\s,n\l}fpggﬁsn ﬁ/ﬁ%ﬂ%@%sﬁﬁgﬁ S Zor y

moun upon” sai ve ffane, am accessory

- shaft obosaldveng ifeefiras fdlefers dth SRbMaLARBRS LOB Y 68ked 10 SR taankshaf t
drive-wheel, and said accessory drive wheel each entrained by said flexible
li nk mefiPirdfamoosmayheadiehiogvaherstilien tha assembly, further conprising: said
flexible |J . I i pel udi ronous r m SSh 0 [ t, 21.
The i npr o%egéﬁgggk Ltg%'a?fh 1’%81 ﬁ% ﬁﬁ?iép&@oﬂgr #sﬁoﬁggﬁ%{osglg equz@giaglﬁga?ﬁ nk

medi um besleddi nging HaamErCITO NSy POWRIcohh e ioSBAnod 64 teforkFrantd16400
i mprovepent of claiml19, further_conprising: said flexible Iink nmedium

i nclUdi HFoRneYHciRragiss! S owpcket Airsifmaaimiet Bethalt 2R vaf BsipreRABhody power |
o6 VA B s e Paa HPA UGS e Bl Pl a0l ghd B E RORT ©1 20

chai n, PémeT®0i fufly auppaaty fuef ingdcabmpip FO1r t Adnelcarepinbs shvgyn) Sandfibhexi bl e
i nk medi um.incl uding a chai.n. and an asynchronous. power 5 transm ssion

bel t, 28¢ gl teRp Lo driEp koA T s HBPitnGadh pUwder roishowiy phmayedest eps of

provi di RYui¥Y by a user. However, if required, fasteners from the fuel injection pump to

15 eﬂgine 10 other than from frame 64 may be added to further stiffen the assembly.

Fig. 18 depicts reservoir 400 attached to a side of frame 64. Reservoir 400 may be
attached to frame 64 using threaded fasteners as well as straps or clips (not shown).
Tubes 401 comprise a supply and return fluid path between reservoir 400 and power
steering pump 16.

20 In another alternate embodiment, reservoir 400 may be an integral part of frame 64.
During fabrication of frame 64, a cavity (not shown) is made in frame 64 for containing
power steering fluid.

Fig. 19 depicts a perspective view of a lifting frame. A lifting frame is used to lift
and otherwise manipulate the drive module during the engine assembly process. Lifting

25  fame 600 includes body 601. Plate 602 is attached to body 601. Plate 602 includes holes
604 and 605 for engaging rods 606, 607 on frame 64. Fixture 603 includes a circular
form for engaging a drive-wheel.

In use, lifting frame 600 is first engaged with a crankshaft drive-wheel. Next plate
602 is lifted slightly onto body 601 to allow holes 604 and 605 to engage rods 606 and

30 607 on motor mounting bracket 120, see Fig. 7. Lifting frame 600 is now properly
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i nternal conbustion engine including a cylinder block, a cylinder head, a

crankshaft, and a canshaft, providing an engi ne accessory with a

dri ve- whegb omoymssed upon a 10 shaft of said accessory, pradTdisg/ 187481 exi bl e

|l i nk synchronous canshaft drive, and providing a flexible |link engine

accessory drive, the inprovenent conprising: assenbling a drive nodul e

i ncl udi eegagke tet blisirane G i b mgsemblyi mecepsduFenie 4AR 1s remavitly oxae d

accessor&e%89nisaigﬂg%ive nodul e frame, 15 rel easably nounting a canshaft
nc

sprocke@ 0 AR ronous canshaft drive to said drive nodule frane,

r el easabl yRdrvetiol tagFig. 20 adtgahaht frahe 760 iheledesupomibai tdadket Vel wpduflieh f r ane,
and placing a flexible |link power transm.ssion nenber in mati na
rel at i offémiey 090 agypoyabdnpidachied Hi ah sgnG r Fragasn¥ketlso Hiciidss euides nB2 asd d drive

nmodut e i-d . eNGLRe i ' - : oL achy [ frame
to sgi d%g@lﬁ@lﬁ é?Q%}I%ﬁ?aﬂﬁ {)ﬁgh?%é’t"g%? 351?21%9};%%%%% oc d§?7 (?gblgdai gl(L:I%%t%nlshaft,
- di smountiovgatdaiagiatiaebdngfd major dlgittidihalomnis tirehi ghedvedes 10R £7080 Batls 006 aad d dri ve
25 nodul e frang, att%chi ng sai.d crankshaft driyve-wheel to said crankshaft,

and di sABUAE Fefy Dai andcrldnieansatively engage\aeus P dBie hodssd/ RBearda d8pineT#Beint  of

said driye nodule frame. 30 26. The inproved method of claim25 wherein;
said assenbly of said drive nodule includes the further step of, 26 tvo
nl / ~-t ~~, sSTHRGEA4rhISf Iit6 dBY séhepdiBcinolgdssadtthching i dvlve rhodite tvomeengincalsiscl ssi on
menber in mating rel ati onshi p about sai d. canshaft, sprocket. . 27. The

ol G e MBHNGH WA 2PHIBS wh CREPR: STSTalifld s SBHBFPIBFE 1YHiEd PR Srodul o

i ncl udegohhghdnt 1iBSI0SE QRea®le pBRBLT MBnS Ridel MBANIB! Goskiitia hBRWENs self-
transm ssion nmenber i'n mating rel ati onship about said engi ne accessory

dri ve- whaghine® $nd Theattachzdovete megine dbladk. c Tht mahlavecnien 2 dtismiod the exi bl e
link nmenmb i ncl ud

i mpr ovelds W&&@BﬁﬁiFEP%¥Q%P&ﬁggééﬁgoﬁgﬁht&3§§$b5§5ﬁ&hE§%%WH5$T?%Ef%des_an
g;y\?\;g gcig}ﬁl:ééti&{)%etcfﬁﬂﬁﬁﬂffsﬁ RMmdelitily d&cafed HHEn MRLIONRM. PBAGefe Cl ai m
15  usable power received from the block, or crankshaft in particular, the module provides
such forms of power to the engine as may be required by the engine for operation. This
includes electrical power generated by a component on the module as more fully
described herein for electrical systems. It also may include {luid power generated by a
component on the module for fluid driven systems, such as power steering and as more
20  fully described herein. The fluid power fluid may comprise an incompressible fluid such
as water, hydraulic fluid or power steering fluid. It may also comprise a compressible
fluid such as air or other compressible gas. The module may also provide mechanical
power for driving cooperating engine rotating components, such as mechanically
connecting a crankshaft to a camshaft or camshafts, or to such other accessories using a
25  flexible link as more fully described herein.
The module installation process includes attaching frame 700 to an engine.
Attachment may be accomplished by use of fasteners or by connection to any form of
mounting point or fixture on the engine for receiving frame 700. Rods 704 and 705 are
then extended to receive frame 64. Frame 64 is manipulated using lifting frame 600

30  attached to the motor mounting bracket 120 as shown and described in Fig. 19. Frame 64

is then engaged to rod ends 706, 707 using holes 708, 709 respectively. Frame 64 is then
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said flexible |ink nmenber includes a chain. 27
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S010%( P A3) is MBGEIIEEy way of example and not of limitation since it is possible to design
10 gallery 902 to have any shape necessary to accommodate a fluid flow between and
among varlous engine components.

Gallery 902 may also serve as an air passage to provide enhanced cooling to the °
engine and module. In this embodiment, the air gallery allows air to circulate between
th§ module frame and the engine. The gallery allows air to enter from ambient conditions

15 ;frém the module base. The air circulates by convection and exhausts from an outlet (not
shown) located on top of the module.

A forced air flow system could also be used to provide a cooling air flow through
module gallery 902. In this embodiment, air is forced through the gallery by an airpump
or compressor at a rate sufficient to effect cooling of the frame. The gallery configuration

20  is arranged to allow air flow coverage across the module frame sufficient to cool the
frame. The gallery may also comprise cooling fins for exposing a maximum surface area
to the cooling air flow.

In yet another embodiment gallery 902 is expanded in size to establish an air gap
between frame 64 and the engine to which it is attached. This air filled region acts to

25  insulate the frame and the belts it contains from engine heat. Reduction of the module
temperature using an insulating layer of air has the effect of increasing the operating life
of the belts.

The foregoing description and illustrative embodiments of the present invention
have been shown on the drawings and described in detail in varying modifications and

30 alternative embodiments. It should be understood, however, that the foregoing

description of the invention is exemplary only, and that the scope of the invention is to be
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3. The improvement of claim 2 further comprising:

15 said frame formed with a depression adapted to receive a portion of said camshaft.

4, The improvement of claim 2 further comprising:
said frame formed with a mating surface having a portion, which substantially
corresponds to a face of said cylinder block.
20
5. The improvement of claim 1 further comprising:
said flexible link power transmission drive including a power transmission belt in
mechanical communication with a camshaft sprocket, said camshaft sprocket
forming part of said drive module and separably connected to said camshaft,
25 and said power transmission belt in mechanical communication with a
crankshaft sprocket, said crankshaft sprocket forming part of said drive

module and separably connected to said crankshaft.
6. The improvement of claim 5 further comprising:

30 said power transmission belt being in mechanical communication with an engine

accessory drive-wheel affixed to a shaft of said accessory.
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said flexible link power transmission drive including a chain in mechanical
10 communication with a camshaft sprocket, said camshaft sprocket forming part
of said drive module and separably connected to said camshaft, and said chain
in mechanical communication with a crankshaft drive-wheel, said crankshaft
drive-wheel forming part of said drive module and separably connected to
said crankshaft.
15
10. The improvement of claim 9 further comprising:
said chain being in mechanical communication with an engine accessory sprocket

affixed to a shaft of said accessory.

20  11. The improvement of claim 2 further comprising:
said engine accessory mounted upon said frame, and said accessory and said
frame in combination are removable from attachment to said internal

combustion engine as a unit.

25  12. The improvement of claim 1 further comprising:
said flexible link power transmission drive including a power transmission belt in
mechanical communication with an engine accessory drive-wheel connected
to said engine accessory, said accessory drive-wheel and said accessory
forming part of said drive module, and said power transmission belt in
30 mechanical communication with a crankshaft drive-wheel forming part of said

drive module and separably connected to said crankshaft.
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10 14. The improvement of claim 13 further comprising:
said first crankshaft drive-wheel and said second crankshaft drive-wheel are
formed into a single drive-wheel with a first portion adapted to receive said
synchronous power transmission belt and a second portion adapted to receive
said asynchronous power transmission belt.
15
15. The improvement of claim 1 further comprising:
said flexible link power transmission drive including, a chain in mechanical
communication with a camshaft sprocket and in mechanical communication
with a first crankshaft drive-wheel, and an asynchronous power transmission
20 belt in mechanical communication with an engine accessory pulley and in

mechanical communication with a second crankshaft drive-wheel.

16. The improvement of claim 15 further comprising:
said first crankshaft drive-wheel and said second crankshaft drive-wheel are
25 formed into a single drive-wheel with a first portion adapted to receive said
chain and a second portion adapted to receive said asynchronous power

transmission belt.

17. The improvement of claim 13 further comprising:
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5 18. The improvement of claim 15 further comprising:
.said drive module including a frame and a cover cooperating to substantially

enclose all of said chain and said camshaft sprocket.

19. An improved power transmission drive, for an internal combustion engine, of the type
10 having a flexible link medium for transmitting power between a crankshaft of said
internal combustion engine and drive components not associated with a primary
purpose of said internal combustion engine, the improvement comprising:
a drive frame,
a camshaft sprocket releasably mounted upon said drive frame,
15 a crankshaft drive-wheel releasably mounted upon said drive frame,
an engine accessory mounted upon said drive frame,
an accessory drive-wheel mounted upon a shaft of said engine accessory, and
said camshaft sprocket, said crankshaft drive-wheel, and said accessory drive-
wheel each entrained by said flexible link medium.
20
20. The improvement of claim 19, further comprising:

said flexible link medium including a synchronous power transmission belt.

21. The improvement of claim 19, further comprising:

25 said flexible link medium including an asynchronous power transmission belt.

22. The improvement of claim 19, further comprising:
said flexible link medium including a synchronous power transmission belt and an
asynchronous power transmission belt.
30

23. The improvement of claim 19, further comprising:
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25. An improved method of assembling a power plant, with the steps of providing an
internal combustion engine including a cylinder block, a cylinder head, a crankshaft,
and a camshaft, providing an engine accessory with a drive-wheel mounted upon a
10 shaft of said accessory, providing a flexible link synchronous camshaft drive, and
providing a flexible link engine accessory drive, the improvement comprising:
assembling a drive module including the steps of;
providing a drive module frame,
mounting said accessory upon said drive module frame,
15 releasably mounting a camshaft sprocket of said synchronous camshaft drive
to said drive module frame,
releasably mounting a crankshaft drive-wheel upon said drive module frame,
and
placing a flexible link power transmission member in mating relationship
20 about said crankshaft drive-wheel, and
attaching said drive module to said engine, including the steps of;
attaching said module frame to said cylinder block,
attaching said camshaft sprocket to said camshaft,
dismounting said camshaft sprocket from said releasable mount of said drive
25 module frame,
attaching said crankshaft drive-wheel to said crankshaft, and
dismounting said crankshaft drive-wheel from said releasable mount of said

drive module frame.

30  26. The improved method of claim 25 wherein:

said assembly of said drive module includes the further step of,
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27. The mmproved method of claim

5 wherein:
5 said assembly of said drive module includes the further step of,
placing said flexible link power transmission member in mating relationship

about said engine accessory drive-wheel.

28. The improved method of claim 25 wherein:

10 said flexible link member includes a synchronous power transmission belt.

29. The improved method of claim 25 wherein:

said flexible link member includes an asynchronous power transmission belt.

15 30. The improved method of claim 25 wherein:

said flexible link member includes a chain.
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