; e3etdp6TYW O 112/29281 ~- ~ PCT/U S01 /311752 MOTOR/ GENERATOR AND
ACCESSORY BELT DRI VE SYSTEM Background of the Invention Field of the

| nvent i onywgy Abesgi Nventi on rel ates generally to internal canbushizorkzengi ne
accessory belt drive systens each having a unitary device perform ng both

the engine starting. function anﬂmmmmmmmlmmmcal power generation function,
such as a notor/generator soneti to as a Gen-Star. Mre
particularly, it relates to such syst«@sed N aut onoti ve applicati ons.
Specifically, this invention relates to a configuration for belt drive
systens each hay ! e i psLppers.

Descri ption of twb@ﬁ{)ﬁﬁgﬁ?%eégggﬁgfﬁ] |L§1|gl 3 aégg.l. ¥ohly use
.power transm ssion belt drive systens to tap power fromthe engine's
crankshaft and deliver it to one or nore various engine 15 auxiliaries or
accessories. In autonotive appmmﬁft}im&@“mﬂressori es include power
Steering punps, water punps, air@&@gf{ﬂeqméﬁgpﬁomressors, fuel punps, and
alternators. Historically, such emgrmnes fave frad the mai n power takeoff

poi nt &t t heThisdnkeitiah trelpeopensehillygo intatnl doenbuston afgitdwcensgiytltdrivahi ch is
attached the drive train far driving {he wheels to nove the autonobile. The
accessor i S¥stgms each Raving 3 whi{any mlqwr&mw@&l the engiae srtnefyactism ande

crankshaf ty, ﬁ%ggicé‘lm %Eﬂer&tﬁ)nefg&t%eﬂlcﬂ’iag g n@t@%ég%}oxﬁ%ﬁwﬁﬂwg &?e@é&oégle%/:

15

are in mechani rcation via bne or ransm ssi on
trai ned absuatGerhsiar. Boneparttuiady, if relatasto suthraystems lin poomotive appdichidaison bel t

is provided. .The power transm ssion bel.t, the_pulleys, and devjces

acconpl i s ﬁﬁdpﬁ(j‘%é\lﬁ thig ﬁ%‘feaﬂ?mg@lwtﬁ]ameh&%%%@r el dfive astepes cagh Pavine 25

Earliap S%&@@eﬂeﬁ‘&tbﬂé’rﬂ%a@h‘hﬂiﬁﬁ i%nM?i?éf!s.t s. Commonly, each belt was

t ensi oned by nual adjustnment and fixing of the position of

accessory or idler per belt. These are referred to as Iocked4mwmummmmwmwm

drives, because there is no pr isiqn faQr %yto ic movenent 0 qné@q e

pul | eys to accommodat e varyingiéﬁﬂﬂlgﬂé&ﬂgllﬁﬁggielt or of the drf®¥as a

whol e. |'f thenbghf conidlish &ighfds @BmonP R PYWRL trhXRUERENbell Mve §8R-KRA0 30

upon the belt would lessen. Further, flor proper operation of the belt drive

system t Hep pewsi foomghe enginebe¢rankshaft adbdewer Hitgbneoronee viadowcangimedat e t he

morst1%ase candjtion. m/OIOZI 92%1 PCTI USUL| 3117S2 Such . rat case
PonFUELH5R O HECFRBER 1 SH BN YR AR B O Hi5ET G- L REUAE PERET at i on,

condi t'i"ons
Or accessQifderipRPudps ORaterHiLis, lidSolpeshihdERhessols) AR piMPs, ahE aMérhitors, Of

t he engi ne conpartnents of autonobiles, snaller. To accommodate the smaller
conpar t merHistorigally, sueh engines theveohadithe npinepyyes dakent\poin at thewrankshater |

i ncluding t Ok I ri i . n. | i shed, at
cast i e FoAES ESRERL rlf of bl 1Y ShEHEs pdichd BERRE RATOEGTIL B ¢
renoved, agigeeldte movethe awtbmbbiye rFhecxctexsokicsqird divvent fiem fapality etachb@tothgi ne i s
t hereby renoved, the total_distance the belt drive system extends fromthe
front 2B tiFent of therrsankshafp JEachgecespary ppequurped pyitha pulleyr Mdlofitbeipplieysgee use of

a single %ﬁ%ﬂ%ﬂi?ﬂ ec'B%mﬁé%Eio Yont Qr AR ﬁ@ﬁéﬂt%hiﬁoﬁ%@ﬁfﬂéih@&a&%‘tt I's so

named because 0 It snakes around e various pulTeys 1n a series
of bends, thahh Sboreuwasthodoftchxdalingeath pawer trafdsindskior bdid is peovideda Thegioskeer ed

trademark of The., Gat es Rubpher Coppany) belt is npst sujited to serpentine
appl i cat i JHOSMTIoN o thapnlss %e% BRaREplisiing B! igppepngfomy thel t

t ensi oni nghc@éﬁoﬁﬁﬁed,g@rsﬁgeﬁln 15 serpentine applications. Accordingly, nost
nodern serpentine belt drives include an automatic tensioner whereby the

changi2dg con#atliepsgstans inblededimultiplé v-beks SCammonly, teehibelt tveas tansosdbyat ed. | n
basic form an.automatjc tensioner has a framework, which attaches, directly
or | ndi r ecigal Bt A Re S5k ROFor w3 e oaebny 95 HIPRFT Oal ch
" presses uppiest AR rbfelled kdad 108kdAL RARr BElt BRVER! bAuRithéBes Aeplovilidnv@r system A
noveabl e 20 nenber extends between the franework and the pulley and is

bi ased t o Jt@vitFenpyrsnl pbanyefihe pleye tq accommmodpie vsriinggonditipn ¢fithebelt e act s

“to lengthen e distan hch the t ig traj rehy causes
the belt tB Qgghel %“\feeaﬁsaﬁglhoag&girﬁile\é%%t %8%@&“%@%8 r 8%’5%%%%&?‘?@3%%@(@&%

enpl oyged tipoRrthy belewbiild lédsars | gthen fereproperopentivyn ofithedeltidrivatysimnihe, such a

steel spring acts to force the npveable nenber in a |inear or rotating 25
mot i on whitepsiemelihe belt muste sshhigh gneughdp aecommedaiethe worst sasecandBion: owar d a

surface of the




belt which, in turn, tends to increase tension upon the belt. A tensioner
with only these el enents provides a sonewhat constant force upon the
surface Qfohiifpelt when the systemis in a resting stateplyagonzobie
pul l eys are not rotating). Dinensional instability, of the drive system
caused by tine, tenperature, or 30 manufacturing variation is accommodat ed
fairly well through the action of the resilient nenber, at |least to the
limts of linearity of the resilient nmenber and geonetry of the 2 WO

02/ 29281 PCT/ US111/ 311752 tensioner. Thus, the tension upon the belt

el mmy TG o R Al SE R N B o B Wb or . o

t ensi oner opdration) Bt ¥ccksoscopdr@fgrNt s may not mai ntain appropriate tension
upon the belt for all operating conditions of the system 5 An operating

bel t drive shhstediastbgpn buerpst ipBekingdhevolume, afdhe ergingampartrsstsotf t or si onal
vi bration her 3 I I ey haft or acce ries,
t he infl uaedr%l(?:lggglg%’ tnba aﬁré’é‘g&’g%ﬁ’ﬁ‘?a?‘? gl%s% ,m%g)l??lt %}%?Per ﬁ%‘? P uencess pefgsr(%ﬁg%al

Vi br at§ onergindsthave besoksdwidlleqdtahiding the aeedsbory dgltalrive Sitémef ThikBagheghi nct

i mpul ses delivered to the crankshaft through the conbustion cycles of each

cyl i nder #camprishesatdesshitheart §K redpemedhe nwmpberiad bslts employerd. 16s Gachiosltiivn of
the belt. i i i { V. ions of the
t ensi oner™ vgrr%’ndfng r%ﬁ%ﬁlgﬂb rﬁﬁl gfsloer)fy‘% E) eﬁ&rrg\t/ﬁe)efa%%rg%gﬁ% t ei%gﬁls?qs Hn%%ilbb' ying the
force theremdvedythe ktaltdistapenhd bedt drbletsystemfexeada fidnd the floansf the eaginnist he

belt. The changi_ng tension upon the belt can cause unacceptabl e perfornance
for the bEAHced iwgrrsa;%q%éﬁxs hes reglied 1ﬁ§hea?§e@?‘aiswlre%ewn§ﬁ Belt for gany

ber f OfdTangsiicaitils. 32 sobfieiifc bP isB!anfl LhlRSOB the Wy iPsrke! SBkPmg| | P
excessi ve Imting the system s efficiency or power transm Ssion
capabi | i t yarioms puHeysdio assriesedfibends, bythdopvdrd asd bapgkaged. oA verti blesdwir dicros &n
arise. In _another, instance,. the a t of tension .necessarily applied to
the bel t, (BEiE tasmprian! ThoGrpoRRRb Copmanbeliiomaseriied fdseaseniipe

| ong-t er ;i ggb@sssuch as premature failure of one or nore conponents of the
system including the belt or one or nore accessories. 20 To accommmodat e

t hese i ssueslhedtmitdtions ofithedoakedicentpragposach he belofensioning areescertiaepimg

el oo SYRLEE AERRCAATD: A GHS HBY RS SPHae RE GABFOPOBN fone. of ¢ ne
t ensi oner stgm@ticl amBideraEhy B ERAng oAl tdnY BB BElt e sykidn? BAAREOUS

nmovenent is in the direction tending to increase tension upon the belt or .
in the dibatter pegommediitery Indagis foras 2p ayomagia sinsiongplans at frameydrk, wiighpi ng

combi nes wi.th the forces,. i he resilient. nenher r t in a
routeq Hidclied difecliy'of fRuRHRP I (B8 cindefBiof Bt Sbimd A By (FRER L 1
utilized gsydEsRpon GlbettdithedancCibianiby of the bblt HEANS sy SAanevedalgped such

t hat the danpi ng upon the noveable portion is mninmal when the tensioner is

novi P i nneRweneftendsdigtveshthyramewenkiasd thawprlley andds bigsedrio pEAVidePIESSUhe bel t
| ooseni ng I ty: j C1clas aches
to asyrn’re]tlpro)o?lctg's 'bgg’n\%?ﬁg I%él\%'vf%ée)ﬁl/ e%%ﬁ%%ﬁé@%@%@ga%gg %%c?dé Qvé-ll rection of
movenent bélt isheimsdvmd bheelpocdusarthe belewt esntérsion. fVaioantecHaigpésadr at es. I n
one approach, a shoe is biased, against a race at an_angle diffgrent from
nor mal |t oBtaRetEes Kave beeh ARy FhRPIONGe thertiaing foreen CoremarlvRTeHiEhent | of

t he shoe ' [ ' ' fofikhe race.
Thi s eduismteh et £sBRprp ikt oRE ERETedf kclhel % APl oBBRE"E, Lt

gi ves2§ i smotion whéchdesqitsrig thegmdley heditpyto nedede 8 dithetiahanparda sufface of ther
direction tends tpo wedge .t he, shoe agai nst the race and increase the

danpi ng, Bt ¥ ﬁhc’cnetﬂnl’ger\éﬁb‘{ﬂn@reﬁ‘?‘et? l%mqﬁ'etgegf}br oach, described in U S
Patent to Megkskicbiwih ofly thedEResass Sofiads 420newianebid: fotbslupsn wbannel ed
through different orifices by valves 10 dependi ng upon notion to the
noveabl e puface ofi thedfeltrwihentthe systame s, in\Aesting lstate @1¢s ithailern oot rotating).
tensioning.direction, .the fluid.passes thr h.a relatively large orifice
or channegut‘fr?rfsé‘?’}abwﬁ’sfaib_fl{ly Eogfges?ré@ﬁétgmtc&uﬁ%ﬁ‘ﬁ“ﬂ\e’c}eﬁ?f@%ﬁ&and little
danpi z@. hianﬁﬂ@nﬁiﬁgirﬁﬂaﬁtﬂl if hEéR@irhedated faRly well thrf\ahIBes adtioh@ gt @sitientat i vel y
smal | orifice or channel offering greater resistance and greater danping.
15 Anot hemeayhst, ahigastito thesmiteof lineatity efiihe residientmembeipnd ggometsy ofthei ve and
can be al so be found described in the 420 patent. In 420, two active
asymmetrical enbodi nents are di scussed. In one, an electric solenoid

depl oys brake shoes. When the shoes are depl oyed, novenent of the

t ensi ooner is danped in both directions? Additionally, a wedge cooperates
with the shoes to nodify the force with which they are depl oyed when 20 the
tensi oner noves. The danpi ng increases when the tensioner noves in the
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25 factor to switch the tensioner between two nodes of operations. In one
node the tensioner operates as an automatic tensioner. In the other node,
its nmoveaRloanpossi ons are | ocked, causing the tensioner tea@aisoisoR2Ch the
same manner as a | ocked-center tensioner. The 420 patent is directed
toward sol ving unacceptable belt drive system 30 performance created by
inertial forces caused by the rotating nmasses of accessories and idler
pul | eys when rapidly decel erated. As described therein, when sudden
rotational 4 WD 112/29281 PCT/US01/3117~2 decel eration is produced at the

cr ankshaf teQfonkNeriGRYHESenstdd& Blgj@ﬂ: ﬁeﬂtr%-hfri}g?él t%\Q:WE Rl Wiks tﬁé %y%{eﬂ?ltsor
causes it to renmain rotating &nd caluses the afternator o pul he

,t ensi oner at restaevkrthotglothe bolt amythavé stresehed ohthelemgine[nady bisotopestdf i ¢ dri ve
configuratjon depi ctgg{e. .,...as aresult the drivebelt (sic) slips ...." 5
Tradi ti onatANFYehaf s FY"&‘hﬂﬂ_aYr B° SHRERGNS Y PRIJURIBEN IRPTARIAY IREOR Y ankshatf t
.of the enﬁg&?th%%elttféital%‘ﬁg?é{ﬁ{%c%Hdi@iBMs SEihé Bstdrtt ed and the engine wll begin
to run. The starter notor i1s 1ocated near the rear of the engine and is
adapt e@ t o iAbepemtinghelt griegyagm tyhiealiyescilftestduerto tfe infleencesofdsisidnial t hr ough

a gear train..Currentl there is ingpeasi ressure to reduce em ssions
and i ncr eyLhEatiqngr %r@%gWWFaﬁ?%Pﬁﬁg%ﬁ&“%@iaﬁﬁffss%rfestﬂ’é'—'&@{e&ﬁ% l e, and
reduci ng tyhealmizl ebndifiotd) ee5thhein0Ges OTRSIRAANEbratio\Df MEREAROLA RKER, t Ovar d
t hese goal s involves conbining the function of the starter notor and the

functi on &f parhas alressttrofitly distincd impusesglehvaied tocthe cranksitafirthrpugk thet or or a

Gen-Star. Also toward the goal. of increasing.fuel onony,.th n- St ar

pr onot es {:ﬁxgggg@ndxy cgs ngatcﬂrcgill%%r F%‘SP%S@P&BBH%H‘-BSBPJEC M1 _tP@afqa&in s where
the 1%0engini@idnSofahé BYEATHS, iflinén &I th VibpRinb AR Edble/pdrilbis ofithen be
restarted when the autonobile is expected to resune notion. This feature
subst ant i &nsipnendylemeatim then huildsin $hqse mpvdable pertieos esebfyyngibk forde thees. 1 n

applicatiagn e ot r.at i | aced in chani ¢al .communi cation with
The. or ank St S pRR bR SBR, 48 ¥ BFOn LPerlTBE BB, TRy B ERE TSI,

associ at egpas RBRCHn balse velidcestably peEtimiaioe fortthe bélt MivcHatent. Tnidgef ront 20

of the engine. However, placing these systens at other |ocations, including

the rear &stange isswgs AEshiost-term performaace, siheh asaviase therbeltad 1w balt drijvstsystsme auses

t he degig .k LSS . [ Y .10 f subst anti al
new ol P ageabst R i AEFLARPR eReioncl ol KB Eh G sick b B ER. &1 op
t ensi oni ngxcagsivelfmblsgtdue @s slippage or @haraieabdntarer fosioRNG énstdtice,ARe dount
accessory belt drive that includes this new device, which not only offers

subst ant i &f tansign ngerssarEy applisdde therelts todave acceatabls nesfggmantieqa the Sidthg t or que
into the 3GELEIAL Y LQE%-tterﬂ{ %Mi%s sféﬁratstﬁ%mathlte_fﬁﬁlﬂg'oggﬁe 5iYnSre! hg;%ngﬂté gf ng
torque on an'intermttent basis. A tensioning systemstated to be an

appr oach filorsystens imndingg thre belt oe ssooymboelabcadsories. | ncor porating a

not or /. generator is disclosed in the Japanese publjcation_.of application 30
nunbertld 3prbensoRmese heaistufs tnt iy RBIpYeoe PPHomaP OE SR pl ace an

aut omat i C dh@BHeQRS cef B BEEn IltfudeR FiteRtiond?E REI dMG%éEi*’teﬂ!?éﬂe‘Fs Rgeome the
| oosest span at the tine the 5 WO 02/ 29281 PCT/ U 5111 /311752
not or / genéncuded symmetri¢al demping whetiemoisment of thelmovysabls godwnsiof thee t ensi oner.
Thi s span correspongs to, the sl}})latn that. re e'bve th elt immeda eslr% after
the bel ¢ (ESIBERRe PR RBruR PR Ry Whitihbe IR BEr e iy ng | n
i ts nor malhoHpabh RedHIg 6 Ghdréile tehBion dbsis tHRIRHE of Ae AleBEbrSERdiAEas been
identified as less than optinal. To achieve 5 acceptable performance in the
shor t 2b er decrpasetienstomgupoarthe pelt. f1damping eombives withdbatordassupplieddy thtve wi dt h of
the belt that St u 10 i . e trtar er, nce is
ot her thaﬁesilbetn:gu eF%b% E:oc%rg flrrllgal ‘@8‘% E‘}é?lggﬁgﬂ‘%ﬁ%&’ Lﬁﬁgfbﬁ[etté e#%‘%‘ ad tﬁ éelrr:gi oni ng
* syst em t haénsivnensi HAes utiizedaRgmmetitabdeipsing hObinmiodly sl tepsiomis sre danipadiat e
| ong-term performance, optimzes the width 10 of the belt that may be used
for any giSYenthaithe dampingiipon the meysahleperiands minimal Yisn &g tegsionsgisary of t he

" Invention x%chngO{? &kt iyegglgf%hggﬁe&% A3 kiR Whdn th8GnE iPie HeR Todnitf

accessory beltvdriv
30  direction.




of a configuration that inproves the conbination of short-term performance,
| ong-term 15 performance, and optim zes belt selection. The present

i nventi onybagnessia further object the provision of asymetpicragdn/s@nsi oners
in conjunction with a configuration that further optim zes short-term

| ong-term performance and belt width. The present invention also has as an
obj ect the provision of tensioners including a 20 | ocking factor in
conjunction with a configuration that further optimzes short-term |ong
term performance and belt width. To achi eve the foregoing and ot her objects

i n accordanc .th th ose _of .t resent jnventi.on, as e di ed and
broadly des c(??l)égé%la e‘Pg‘ihﬁg{@%y@&%’é%agﬁngE?)‘ Ve eselnmﬁ“ﬁ%i"lﬂfliﬁﬁrngge mere
ot or / geneiradtivh dfsnslieahosfile hveitle pditiend créans ihemliffSreM UaniFRiMesd. gl t

drive 25 system and nethod, for a power plant. The power plant is of the
type havi ABe aPREPIehK 8 Blgeis hiasedagainsha rce abarbanglpdiffessnt fronmmarow) tpether at or
pul l ey, a.t] I epsi , kSt i.ope ul l ey, and a power
transm ss ?%ﬂfngcgteolfpﬁe t rrrag{: n‘gg 8 g%g{ﬁ’t th? ﬁ%étg\%%@%eﬁ SIE%F I%g(i/é’ a:{c)ir{gceaxécogg sory

pul | ey5 t Bizectivhaeddgean diftthe shaeutdreyhe racel THierdduesstthd plebsure aisthein aiterBadel ey .
The power transm ssion belt has spans, defined by term nations proximte to

each of t Fréuges e fmeipn thatigives risp i ieidampinge and therehy adnces the dampinggithsi ng at

t he crank - DUl i r, 40U faol | ow ng
the di reoPLaklisfitshitnd38 vERE: B9 sl Al o dEATAgh e iR Ilre, S 1 7
oper at i ondepitted imFigure2li bt modramsproauh|, deberibed inr$1S. iPatent tEMicaliseodparal.havi ng
a crankshaft term nation proxi gﬁltle,the crankshaft pulley and a | ast

i nt er nedi AVBYEEY iRty damping m@%@?’&”@h d rﬁ’i“rfﬁiﬁcéﬁbbi"@)lk'ﬁﬁjat e the
mot or 'f(?enﬁﬁgefl/mlﬁfr{xgﬁlgbh?ﬂotio-ﬁhﬁ tRYmb ele 8%%\f% BYsiblle. "thd fe‘ﬁg‘i%ﬁ%rss' on

belt al so start-slack-si egi nni ng at the notor/generator
pul | ey, f nldvesunthe tdmsiodingstitecoon, dlie fhat passemthedughre reiativaly lagge neificeor The

start-sl ack-si de_.span.has a. secon tor/ generator. term nation, proximate
t he not or F]@@H‘Ej‘%flf?fﬁlgg{ﬂ%é‘if‘s_éﬁ?ﬂe%@SM?’SQW?’EFH& ﬁfgtqc{?ﬁ‘%‘ﬂﬁ)o@itbg of the
second ”Did?{séxﬂﬁgafréétﬁfn, Ry s%%%hroﬁ@ﬁ a%é’lﬁtfi\géﬂ bagl bAgcd bF 1 &5

r
pulley proximaté a termnatio an i'ntermediate span not I ng emger t he
cr ankshaf greater msistdricoand greatee dampimg. 10 not or/ generator term nation. The

system al so has, a second tensi oner pulle roxi mat e t he downstream .
Lerm At i on. ABNEAPBIRECH 16,1 BIPOrical FePSigRi JHmRine FEs beeR SRR AR aF Slngs,
whi ch ar epé faRidRREGHIRE ih the?Ag0 pREAN BRF4200{wd Afivé aspRBeirichF@hbsiiments W ch

i ke nunerals designate |ike parts, illustrate preferred enbodi nents of the

present i fisewsspdnineene, aweleethie solgneid deployslerake phsies o Whendhe/shoesagxpl ai n t he

P epr osont SERaRb oy SR e shlahelds SRR Son dMEGes JERLRATN RV SVSt e

conf i gur atvedfe tdtpetiés Wit tHEheds/tg enslifiths forcdwith GWhich tRey SredepRlad wheh a
tensioner form ng part of a preferred accessor{e belt drive systemincl uding

a ot & / gthedentioier nEveer Ehadaeping inprepsesoneandthe tensioperaneyasdn thsriopsening
al ternat edHE&Io%raﬁlﬁ%e&rgQ&g 'er%Httheqfensioner moves in the tensioning direction. In another,

a solenoid deploys a piston, which modifies a fluid path and thereby modifies the

damping. Another tensioner approach described in the ‘420 patent, is to utilize a
solenoid, similar to the two active asymmetrically damped tensioners, including a locking
25  factor to switch the tensioner between two modes of operations. In one mode the
tensioner operates as an automatic tensioner. In the other mode, its moveable portions
are locked, causing the tensioner to act in much the same manner as a locked-center
tensioner.
The ‘420 patent is directed toward solving unacceptable belt drive system
30 performance created by inertial forces caused by the rotating masses of accessories and

idler pulleys when rapidly decelerated. As described therein, when sudden rotational



an accessory belt drive systemconfiguration including a notor/generator.
Figure 4 is a detail of an alternate tensioner formng part of an alternate
pref erredyv@azaesgessory belt drive systemincluding a not opCyaseramsy .
Figure 5 is a detail of an alternate tensioner formng part of an alternate
preferred accessory belt drive systemincluding a notor/generator. Figure 6
is a block diagram of a control signal path. Figure 7 is a detail of an
alternate tensioner formng part of an alternate preferred 30 accessory
belt drive systemincluding a notor/generator. 7 WO 02/ 29281 Detail ed

embod hertear ot HoBh . herpishi ot e biging b Mokl atpud AERBHMEC 1 1.

. i ncl udes diehoitdrgaosssit wrethdin ronting Agbowses the aliethhtey tolghll thevésioatEialal Ng punp

pulley I 8, air conditioning conpressor _pulley 20, water pu pul l ey 22,
cr ankshaf¢irsstipn éfyasz@,logsepith%eehtfgﬁﬂacéa@qlﬁgérwq fendigurationdgpistedpy|-1asy 28,

second t 108 driv ébel £ t ensi oner pulley 29, and power transm ssion
belt 30. eﬂ%ﬁ]e pOI’tni ones §§C?p 7 Ftransm ssion belt 30 that woul d ot herwi se

obscume fi r Sraditiorsllynan cl2@riostagecmotbr issprovidad to $pin teerdnkehefrofahayngiithi | e
speci fic acgcessor ull e in.a specific geo ri.cal arrangenent are
depi ct ed,S%t@ uagmmﬁégsgﬂ?%@gwﬁ@? cpgiac P‘gﬂ’ﬁg\@ 1 Fife heﬁﬁfﬁpmoﬁ@és to
vari ous : .

NgEREd Rk d&@:g SQHPLAGRS 80P Alla RGP RIARAL AR AN Enig %&%}Iﬁ%&&lg{ ons.

arrangenents, Includin oth Serpentin non- ser pentT e con

dependi ngofiuhooraakshaftdhtougina gdavdraionf i gur ati on depicted is serpentine. Thus,
power transg@' ssign Belt 30 waul d ordinari I%/ be of the v-rib eq type.
However, t h&WHRDRp NG 1R IBArepYNG PLstyre lredieaemistionspd jusreasediel a1l pel t
typesyy Fuichhshy, E)hlo%/eﬁﬁg'tlfet\!vélgh@df?tﬁ’e £35mBEile/ WY RAuSH EmPhIRR BF Rhder-

beltl pulleys ih an accessory belt drive 15 system having nultiple belts.
The ar r ovthe-hbed eompomesints. tAmapgiroachriskendowardthese @oals invwlvdsebmbinisgthe duri ng

normal opgration.in bath generate .and start nodes. .To nmov ownst r eam

2 ong ¢ hean o e IEE R e SR oB s TR 8 XD SRR -t he
sane di r egblopReRdtatdebt a G Sedr: Al WRME] R FbAl&TThdrSasiry MBVRohdmy NBe OPPOSi t e
direction of belt travel. 20 Myving downstream starting at crankshaft

pul | ey 24GemStar psamotas thermselpta feabpecelRd “stopdn-ddleheThis Saature és wheye thd ng wi t h
a~tergdnation .at,.the,| ast point qf .cont act.between cr.ankshaft.,pulley 24 and
power1r§t r afeMice Pgﬂwﬁ%h _lg&?'e%ﬂdv Rty ém\ﬂ%( hﬁ%l ﬂ?eélret?ﬁ rﬁgﬁt%qiwg ntlhge frst point
of cont aciutiRbWRER ekpettddroeEsubie thetior? STHO fhafpy\BibstanBalHinseagd tikel t 30, A
| ast internmedi ate span 34 covers the distance beginning at the | ast point

of cont acdempndgplaseduparcarsessprarbelidrivey igapahieatipowie moterganesiordnplsesd 30
d endi f ' f . : 14 and
and ending af 1 the. E@Emgga{tﬂh\%hu P@%&Eéhaﬂ v1§g1§%gé&gﬁgaﬁﬁ(ahv .UJr*u?y an

power transm Ssion Be eys were a contact either
first intaocwegendraios padassaciated hagbsornbelt vl brenseads 3de phabdd tii v dfont
internedi ate spans would result. Further, start-slack:-sjde span 36_spans
the di0st atfctBe FREIAT-t REWB¥TRlagNE these sxstemy 4t ﬁ%iqwa@nwhﬁmg tBa Fee9f 14 to

t he poi ntthQEn@iﬂE‘ﬁsaé}ﬁi%ﬁeﬁ. second 30 tensioner pulley 29. 8

The advent of Gen-Star systems causes the designer, of power transmission belt drive

systems, to face substantial new challenges. A significant challenge, among these, has
been to develop a tensioning system that results in acceptable performance, by an
25  accessory belt drive that includes this new device, which not only offers substantial load
and rotational inertia, but also adds large driving torque into the accessory belt drive.
Further, it provides this large driving torque on an intermittent basis.
A tensioning system stated to be an approach for tensioning an accessory belt drive
incorporating a motor/generator is disclosed in the Japanese publication of application
30 numbered JP1997000359071. In that publication, it is disclosed to place an automatic

tensioner against the span of the belt which would become the loosest span at the time the



WO (12/29281 PCT/USII 1/311752 The direction of torque at notor/generator
pull ey 14 and at crankshaft pulley 24 reverses dependi ng upon the node of
oper at i onw@fpaomessory belt drive system 10, as indi cat ed Hay/tdne/3eusp ows

| abel ed "start"” and "generate", at each pulley 14 and 24, respectively. In
t he generate node, crankshaft pulley 24 supplies all driving torque. 5

Wat er punp pulley 22, air conditioning conpressor pulley 20, power steering
punp pulley 18, and notor/generator pulley 14 consune the driving torque,
wi th m nor consunption by first tensioner pulley 28 and second tensioner
pul ey 29 mokdl/sthaiator TP stHRtrﬂfd/egﬁﬂ%latBQhegﬁcle%)fl&l;el]teﬂi'&f&z' ?gis%?ﬁn driving
torque. Crankshaft pulley 24, water punp pulley , alr conditfoning
conpr essoconespbrds taGhe spad thwd vexeives derbeltgmmedintgiy hiternthd 8elt Passeewsithd he

driving torgue, with njnor ,con tion by first tensioner pulley 28 and
second teﬁg’ig% crgiar pulley; gvhe EFS‘P@T‘FWO&’H& Wéﬁd}ogpé's@e&ﬂnﬁﬁ]éré"téﬁn-oper ation,

if it were agpURYodedHnsRA s%mﬁh%%&ﬂ RARi Al1bQueg, Sfirkdl! %%cﬂi%.@@l y, ‘
tension on every span woul d bé the same and at static tension. Static

tensi on i scaehtablegenformaricetih ¢hef shortetemp Hottekbng-terpoperformancesmis e aacrifedetl, 30 by

15 either fipst .tensioner 26 via.first tensioner pulley 28 or _ by second

t ensi oner a?ii{}\?ivﬂd@e@(;ﬁﬁgqlﬁﬁlﬂ WH%rbedﬁF WCE?V? é‘ﬁ*‘&UEtj 4"6%1"%9 gels

di stance p@ePthahbpfidal. Ssion belt 30 nust travel about all of the pulleys.
Normal Iy, and as will described later in detail, either first tensioner 26

or second t ehedoptingly2thersrromiaing shesnestlifor 4 tensipuing desten that gravides, ateaee,of

accessory belt dri system 10 operatjqn. weve if: 1) .accessory belt
r i ve. oyspaionts byt TaRlSir oo Brcatrle s S e gt BSaRe PRI and
seconqh t easieMRIt that thay i 18éd for@EP Bhlch\WBhNoativRSnA Bn@iHsTh&Hnd RbinpRikithecause
of configuration or tinme; and first and second tensioners 26 and 27 were
reasonably well balanced in terns of the tensioning force each could

provi de, then the quantum of sgﬁtic teggiqn mquld be the resultant of the
tensi on supplied by the first torers 26 and 27 seeking an
equal tensi OTheXreseat MiventidIR@E an WHRE: the pfovasidrSof@ AdesSeryMelt v Rpkteans uned
by the various pulleys, of the accessory belt drive system 10, such as when

ey ) or'y.
t he acces8bd §o a 18p 1 i -IeRPCTIONT > IORE span
h 61 gonfiguratin thet impeavenihecrombingbion of shayt-termaetformanss, longdersh
is nogifi Al . gener at e node, crankshaft pulley 24 and
genergé e- ??ﬁ%‘#’%’%‘g%ﬂg%ﬁﬁ@eé?)g@%%%ﬁleog'the driving torque and is the span

Wi th the grcHiegftseheinvestion Hasape luithes oPjecBie Afoviaofa3ammenddal emeiontrs
generate-tight-side S_Pan 3 8, tension upon power transm ssion belt 30 is

reduced byn €qreunstipa pithgr canfighratipn that furties apimizepshortelymaRBgiteMe| v precedi ng
9 WO (1?&&&%%059'&%%{&_11752 the span. Modtor/generator pulley 14

presents e greatest i n nost cases. Accordingly, the |argest
di ff erence iThdpasnoimvention dlso hazad an objenttht preavigieacStendiarergmchgidg om

start-sl ack- si span 36 tqQ last internedi ate n 34, Overall, the trend
Soa | 2000 acking aetEb i hongrclp M el Era s LD S asanor ey Joné-

term nati @é’}ﬁpﬁerﬁhﬁ hafitbeRWik@y 24, 5 has the Least tension. In the start
node, for the enbodi nents depicted herein, notor/generator 12 supplies the

drivi ng tor qleachievetthé foregavegians ehepdyecsiniascartiancs peth the phrpobeofpheat est
tension. First .internmedi ate ,span,32 s.tensiqn only slightly. redyced by
the snai | PSRt HRDERR B 4ot R DE Broal: SER Oy BeccasspyidERE GBner at o
node, cr afpchitBhd a RididrRenddtd? i£§iSeIbsediHereid. OTRE RobRedn ib 8@ tnplovkEVeBrivd he

| argest tension differential, due to |load, is between first internediate

span 22 asybteoaad methodi fona-powge plaptinlls mwerplagt isiofithd type baying aicreakshaft i s

{ene oner Pully A gt e PR B PR Gl BB 0 3PRd, Ao R A RRE R 7 oc

the gener gdmgi liey, sidasp@ndritahbissioh bel &ained absutahd @ytishat: balleygitid m zes
in the start node. 15 In the conventi onal accessorly v-ribbed belt drive
system t BecessAy ARSI, he rggt@r/g?perator pulley, and the first belt tensioner pulley. The

power transmission belt has spans defined by terminations proximate to each of the
30 pulleys. These spans include intermediate spans beginning at the crankshaft pulley and

ending at the motor/generator pulley, following the direction of belt travel in normal



considerations are: 1 ) belt width (commonly denoted by nunber of ribs) and
type selection related to torque antici pated to be supplied and consuned;
and, 2) st@bvi/m28ensi on selection to be bel ow t hat whi ch se€EdS@Es30&2 her t he
belt or conponents of the systemto the point of reducing the useful life
of either bel ow an acceptable term and above the 20 point where

unaccept abl e slippage begins. Further, belt width and type sel ection
affects useful belt life. Also, there is interplay bettveen these two
fundanment al desi gn consi derations. A constant goal for the accessory belt
drive sys§emlasgpteintedifle Gfink HcARIeROhE: ifferth | fRsr 1 |1 9Nt
of cost and conpl exi.tf} concee%f%l. Opt iem zatllﬂgn ?@ﬁt‘%gﬁ%{;%‘?f@?é}he Etrough

. mani pul atteoninefiompnoyingate thetarankshaftpulley end allasp atametatsspgendaming a firflose  of
ordinary skjl) in the art.. Anong these is arrangenment t he driving and
G ven putPisyseetebtEaRntih Bt G h e BB e b PSS D ve

. syst ens tiRgdroveddyUHHe powEt Al IR AR Aotz Alst eV ARG 08 kpanWekirnifd 4tat | ons
and heretgg%re hgl\}e gl | uded practical opti mgzati on.. The root eg% trLEe

di f fi éul tthesdtorégengratar ipsllesn doll@ping e dirdetiomof bedyteavehinotormalbgpeyatidne dri vi ng
torque a resent. the greatest load and inertial. 10 \WQ 112/29281

T/ USL 1 1] B ST PR s e e FripE e RIS Ber at | on.
Further, mhafod@Endri6F 151!11&.1?'_ dn@aéImsDERS tedfhaflbE SFPUsRE of RReNBl | Yy
encountered in a convenfional drive s%/stem The | ayout of the depicted

pr ef er r edmetob/genaraiar tesmipatipn.c Bhe syptepphasthe Brst tepsionerqrullep praxinatevee syst em 10
in certai .dcat]o . i.nati.on of nodes ar.ti.cul ar 5, when
coupl ed W‘_%Fﬁf?’? {l?%ﬁéigﬂg?égég%lﬁ%% aelﬁlgrlg{%ﬁfe}‘ se“g%r *ﬁ%&r a?gsﬁlagftgwgat&?@sqréhggﬁ&
constyouct meforidemiratbe@rmhalib@uTke Systefalbd hasla €l ©AG6net Huildy ploxirhde Sane

desi gn and construction as second tensioner 27, only first tensioner 26 is
depi ct ed tihﬂdpwgetre@@t.enmn%@n-t ensi oner 26 conprises first tensioner pulley
28, main pivot 40, danper pivot 42, danper arm 44, danper shoe 46, danper
race 48, biasing spring SO, ratchet teeth 52, 10 pawl 54, pawl pivot 56,

pl unger 58, solenoid 60, an®@rsiDbscrimion ofthe Piamdiigst ensi oner pul | ey 28,
danper race 48, ratchet teeth 52, biasing spring 50, and main pivot 40 are
support ed bylheapeqmepsayingdigwings, Whichare acosparatad insand form partof Bigpodi ment , i s
a st cQi.l: 3 . j . I £ Or pneumatic
nenbggs, aeh‘ﬁﬁg‘g‘%|‘g}§§%i‘jt‘§ﬂ'%"r’%%g‘§%art§ E‘S‘* p%iségﬂﬁ@g??:‘%@f‘%&m Il be noted

t hat firsémbaiimensef th2fpressnpinsasonhat tegethet Withithsdestriptiomyeelvateexphdn 32 and
| ast internmediate s @,34. .Secg{l&‘ﬁtens,i oner pulley 29 is placed at the

t er mi nat i ©f PEpcipes of thejinygatigny SrvaBeS pposi t e fromits termnation at

ot or / gener g Qf.e @lata}t)a% J%heﬂ{\!\\meﬁ&géﬁﬁmn%fla?réfegéd YRbSH AR 1S to be
operated in efther the generate nhode or start node, node sensor 66 (Figure
6) sensesadchssony Edtadrive syftemvenfiguraiioniinahidingdemotdiige®@atonde sensor can be a
separgte electrical i tc r rel operated anyti t he tor/generator 12
FebeiTbe ol daghe ¢d1a B Pe BrslogriToraingary of a3ttt srpsel b 4By S em 10
or can besyg@mingfudg@@,%%%%éfgo}.gni tion switch. Mde sensor 66 is commonly
found within a controller for the notor/generator. The signal that is
produced by Figute 3 dlepistsra Shematiqrgpresentativngif gn altempaispeefsaed e@bodimiestolcan be a
variety of electrical,circuits roce 5 th ignal and nmake it

conpat i blﬁn%ﬁcﬁ‘fc”f‘yﬁe drﬁ’ﬁdgglég ocr?hﬁ%'gr?ﬁ(g %?lsu%% aarﬁa% NHE el enents of this
si gnal pat h Fig\de 4369 aétail @€ a€ QlNGIAALE BinSion SR Ening RAAOf B altérnatd prefiiret essor 68,
and first and second actuators 70 and 71 are known by those of ordinary

ski 1128 n aqeessant beltdriversysigen ineluding adpetodesetoro and 71, of this preferred
enbodi nent , Is i i : 62, for
cach first AEESISEqaREah b WAKIGRG BiRE Hhce? st AeR HELRLE

" enbodi meniccessotycai diivesystsm inéluding atmatosgenstagoral s, sensors,

Figure 6 is a block diagram of a control signal path.
Figure 7 is a detail of an alternate tensioner forming part of an alternate preferred

30 accessory belt drive system including a motor/generator.



WO U2/ 29281 PCT/ USOL/ 3(1752 processors, and actuators, nechanical,
hydraul i ¢, and pneumatic signals, sensors, processors, and actuators are

al so envi wigoned2siVen a signal is passed to sol enoid 60, iRCTH/ESpPESERd vi a
conductors 62. Solenoid 60 reacts to the signal by raising plunger 58,
causing pawl 58 to rotate about pawl pivot 56 5 to the point of engaging
pawl 54 with ratchet teeth 52. Wen so configured, first or second

tensi oner pulleys 28 or 29 can ratchet in the tensioning direction but each
is restrained, or |locked, fromnoving in the | oosening direction. In the

generate node, first Irmalreacheﬁérg‘qﬁ%%m&%éfaﬁea E’ﬁboﬂﬂﬁ&ftmd' ate_span 34

carry the | east tension igna uator 70.

Accor di ngl y, Apeefkrrsd enbodine0t ofnciveessoydich dsive ayserildandemetdd iraBigdrypi.ct ed.

Thus, fir si oner | ace taél c tensjon for the entire
s

te cts.to
accessor y%b‘BFlPH%Er oo /ﬁg?%ﬁf i% ﬁBWWF PRV SieETIPE Pla PBUCK 0 g
upstream qg, ﬂpé&fdétﬂﬁﬁh%@drﬁlﬁreﬁék beteylb, wﬁte@?hﬁ\@ palEy DB REhiARABplIRyIsas first °
t ensi oner puI | ey 28 en ‘all owed by condition of power transm ssion belt
30, bi8si ﬁi‘!gstsf,@}siqngr% foatitsrsiones puliey bﬁ,s@c@ndé@ss)pam’édemudbmmmgpslm ng 50

to length g fI-I’St o] || ey, 28 supporited I oner
frame g4 PovB ey Bonmisibn bER 30 ThbeRtop e st KARSR!Gin Bend B g

di recti onwout 6Bblfsd Sostiu@Uirst ténsifieR 26 BPsceBhd RdisioRelCAEE BrekdfRGayar m 44 to
press danper shoe 46 _agai nst danper race 48. At the sane tineg, %

cl ockwi se noWhila speciliepgegsrory pwleays ima smélfwﬁmetrncghmrareﬁmnbaws ﬁf:mcmfi, mai n

Gamper " soa TR oy Syailasf 48 B el PRRgob Apct o YHAIR hafbs ol Ton

tends1po solbinatbnd sfaitcésteridy adi gragmbmm driah§éméRs) snaﬂ@ihg poth Ripedtineapl i es
to power transmssion belt 30. However, the clockw se npvenent and

rel ations ROR-serpepingsronfigaragians, dopendingdinos applicatian.t hbe penfigvationdepicesd shoe
46 with h t
£ ot 36 nd 9, ERG ARG ARl ok ARV RN [t e

condi tion }m‘wq@ewem inwetiom cagibeprazticéd Wih ﬂwrmelasmn b4l belnsipemeFurfher, tRis 28 to
revolve in the | coseni n di rgctlon by qvercom ng the forc%ﬁrow ded by

bi asi ng s 9EPiRBOmAISO £39ED ec‘aem: P PHCRIGRG mlnéﬁ&c?w% $KiVE of main
and d e end to increase the mating force of shoe 46

W th ?gge 4@&M%§1né9%ﬁﬂgle%t riction is 30 increased when tensioning pulley
28 revol ves Tie drhev labekedribaly trdivel® cidicates diteetiatemfilieltgravgl durivg@oirhadl 2928

PCT/ US111/3117s2.frigction tengs to é';‘l‘__fjd Iro theégl am%grét at rst tensioner -
pul | ey 28 ORFFAHPR I hash geRtateand S@rieqes Tg miqve hgt f&tragl i gnal
I's passed b&%o%?&%nﬂ%b&%élt@(ﬂs toTEveSindIRAManidifti6R 2§ BelbRaved waw via
conductors”62. Solenoid 60 redcts to the signal by raising plunger 58 5
forci ng papktréam isdo notvatie thebppositsaditectidrvof beltdrayeld causi ng pawl 54 to engage

ratc h% teet 1010%1211'g downstream starting at crankshaft pulley 24, a first intermediate span 32

covers the distance beginning with atermination at the last point of contact between
crankshaft pulley 24 and power transmission belt 30, and ending with a termination at the
first point of contact between tensioner pulley 28 and power transmission belt 30. A last
intermediate span 34 covers the distance beginning at the last point of contact between

25 tensioner pulley 28 and power transmission belt 30 and ending at the first point of contact
of motor/generator pulley 14 and power transmission belt 30. If pulleys were added,
which contact either first intermediate span 32 or last intermediate span 34, additional
intermediate spans would result. Further, start-slack-side span 36 spans the distance from
the point of contact with motor/generator pulley 14 to the point of contact with second

30 tensioner pulley 29.



Second tensioner 27 acts as an active asymetrical tensioner. Wen so
configured with this | ocking factor, second tensioner pulley 29 can ratchet
in the taneiogmi2z8g direction but is restrained, or |ocked, PET@somwsing in
the | oosening direction. Wthout the 10 operation of actuator 71, tensioner
27 woul d be forced to the limts of its travel and all ow power transm ssion
belt 30 to be trained about the path of shortest possible distance. The
time it would take power transmission belt 30 to assune this new path woul d
depend upon the anmount of danping friction supplied by the conbination
danpi ng sho 6B L %ﬁg}:ﬂ guration
wer e used, gsléglluggﬁossed fbdglgg\flv%:ﬁ%é%ngh{o{ﬁ lwtyl lme \/voht{tjC ep?e &lﬂgggﬁ the Ievel
» of danpi n@vmswd@eudlbg uph@t}apmdeeﬂ operafipy of aucessary badvdrirersysteinel (pagagenent

f paw 54 ond, | 7, which in.t t
power tr angireled ey i e BRelE  RET D H e dtearh PSS THAned | ust
sprior to @sf&ﬁsa?y IrbﬁietgeﬂéﬂatéQnéd/eSEﬁﬁ]cé‘kﬁft%ll@}%@kuﬁﬁﬁ@s hlmdhbﬁgg&ﬂﬁé ate node.

Accor di ngwf/ ensi on on accessory drlve syst em 10 does not | essen
subst ént | Watey puprpulley ZMecarshtmmgcmressm pulleyr20; gwatsmnng pdmp

asymetri V|dea ntlal fit toward.optim zing
accessor yp‘giaep' g%l’% g‘!} %%Pt%pu 6’8&‘?‘5‘? ﬁ’ﬁ(f ‘vm%tﬁ%quaewgﬁg}lgo node. Wen
accessor yedighinptén gfﬁﬁs‘d sérsml&ppuuﬁytz@ aB@ s&ead dnSfdnkrpulfR 29t a4 ktaltBEGIe, MOdeE
sensor 66 (FI ure b) senses the presence of the start node. A signal is

passed t omptqr genegaton Ruldey lrbS%hQﬁﬁU drbting torquee drranksbell pulley 24 warawmpo

i rectt ort ilsy 7 b SERRUBAEE <AipteFbr PRI B Rtn e PR

di r ectd OnconSEReiE drblisg WiGle, Jthipiobedheaptionby Hst fABBnEBINeY 2daﬁml bed
above for first tension 26 in the generate node. As described above, | ast

i nt er medi weendisasioner plepABs the span with the greatest 30 tension when

accessory bebdneflly g AR ridteloF bl 3 IRRSyRLATe SLASK Al de span

36 becones t S on 0 era ion of

act uat or ﬁ\ﬂley‘é iy aﬂlovébﬂ to rMﬂeTﬂeEIyZ&-&&anﬁ'EhH&@ibé@GrEﬁﬂ Heethssameand% stagiol d be
forced to the Iimts of its trgjxr’r and al | og(gower transm ssion belt 30 to
be trai nel§napBuStatipiensionds He qf dhg forescapphiedtogpayyes rapsmigsian peltd0 by woul d

take 1%0Weé1thte¥ ?igsg'i’én%ﬁfn@x;‘zé)%atﬁrs’t%ﬁs?oxﬁ?@gi% is*liﬁ y%‘éXr}ﬁm f]}gxﬁbllég% g‘i‘ VRERE &thupon

t he amount o riction suppli e co anpi ng shoe 46
and danpi uegsmmrepulley 29 fendirg tdilérfgthearthe dhanapcer;g)\mmfangnrsabn balt 38 meustised, as
the tinme woul d depend, u

di d b | f
ot ovi ded 5vel Al ot e ey GYPRRAI S DS TGl e EF sl 54
W th teetfd,qéndtAed sbddmittedstdtat Qﬁﬁfov?tﬁ:s stihk fsion de n'au{getﬁiorn%&& grower

transm ssion belt 30 to the path along which it was trained just prior to
accessor yadsessorydbdlidriveysystem l(tbnmatmg ploveer, if 1) messbarbelhdm@ systesoii ngl vy,

t ensi on 10 _accessor. b 0 does .| es tantially
whon 2 Rerdn A S5GTREh e gt dBPIRE o K T R s R e of
static t elfé§;bééﬁvel\jl ﬂ@ﬁﬂ-&dst&@ﬁ&h@i b ofi dorfiuratthnf} tiiyl afd Bfstlhd geonet ry
of tensioner that is significantly |ower than that allowed b

confi gur asqc@mﬁéten&lpmraf?-é aad 3y averespeonablytwrllhalanised in teansohibe tensioninge
sufferd ngfolrjc':’]ed "élc could provide, then the quantum of static tension would be the resultant of the
tension supplied by the first and second tensioners 26 and 27 seeking an equal tension
25 point. However, when torque is being supplied and consumed by the various pulleys, of
the accessory belt drive system 10, such as when the accessory belt drive system 10 is
operating, the tension in each span is modified.
In the conventional or generate mode, crankshaft pulley 24 and generate-tight-side
span 38 supplies the driving torque and is the span with the greatest tension, respectively.
30 At each span upstream of generate-tight-side span 38, tension upon power transmission

belt 30 is reduced by the effect of each torque consuming pulley immediately preceding



When the node switches, fromstart to generate, actuator 70 is deactivated
a~~d 15 actuator 71 is activated. This allows paw 54 to di sengage from
ratchet twetde/2®281 of first tensioner 26 and pawl 54 to engatEUs@E0TRt teeth
54 of second tensioner 27 and further allows first tensioner 26 and second
tensioner 27 to return to the generate node descri bed above. The activation
of first and second actuators 70 and 71 can be based strictly upon input 20
from node sensor 66 or upon additional paraneters found in signal processor
68. For instance, tinme delay can be built into operation of signal
processor C J in active for
D et i ey Mkl pley 1 Mo LRI, Bl R, T et

Furt her, akccatlinglyathe largsst Bdfdrancndn temsideabueite dadngoreiallpeppéars whemgoiugt or 70 -

or second actuator 71 .after set tine period rdl ess of en, node
sensor 25 fg%nﬁaa&rﬂ? -sﬁw&g 38\7\? fac?hl.melf'ﬂ??e&ﬁ@ﬁ?a’hé‘gggé’%rﬁ 0 eé‘@“&?‘h‘“é‘%‘ﬁ%@
engi ne 1. Rhd'poinEHOWNEGe TRA et dRite S5, wirRladteniHRRA é%rcmm[%uéﬁy!ﬂ?y 24,

or torque upon notor/generator pull'ey 14 for determning a sw i n" nodes.
An al t &r ndias the lpasttensiond enbodi nent is depicted in Figure 3. This

ond second alt ERRuEPRAE30n BF b Bine S PefE Ressth Moror e 14 Sbefiiey
second MOyt iAGinReg8s LA imaithelife sgahnats ﬁa@gp&?ﬁ'ﬁﬂ% efte AU s 130

and 131, first and second nmin pivots 140 and 141, and 14 WO 112/29281
PCT/ U Sl1linfegogdatefspas32 hanteneeroonly shghilyl redured by the soall bad plegénted by i s

depicted that first anpd n in pivots 140 an 41 are, axi al |

di spl aced.fll.|r fRRRIyer Pf‘peX ggggﬂ]?léeﬁ%fe §f]£e(§atf: Hﬁdefﬁr?@fsgﬁa%g%yc%me%t%%ﬁi vot s
140 and 14dredt@nt I6Hds A ikenieQabd Rigest ttnsidipdiFredtal, 86O Tod® s béidberPfifsent at i on
of first and second tensioner noveabl e menbers 164 and 165 will be 5
reversed, ingrmedipe span dhpechengeadestighirsider pan 88, Araditiemally saptimreatioadsnd

t ensi oner S ' i,Cl e Fig st and
second darr\g%&r'l%dexrﬁo%u%gg&%%%g%eg‘c@%?aé%ﬁmggg% la%ggrﬁé)g%%r} Sg((g)l?leé’tdrftrjcti on.
Accor di ngltie dav¢ laybit: As charieiseh, alsiouethdBéptingizekcipithé gshetdle gogaiser detail in
Fi gure 4. Danpi n? modul e 130 i ncludes cyljnder 132, piston 134, bypass tube
136, 10 mesyhdenptiallyglifferent Bomadaynu thahgptimigesiinthe sigrimeadei ng pin 144, body

146, d - i itled with

Thoor 3B © PNl Aofyeitional AR v At 1Bl R INTeh RE itinBRR) fdadi Y v

mag_nfajt or hemhsr;igémﬁbx(lé nfng)tha?te»{iﬁg(s?mhamdt lbysdm o?gi bty?mmibgﬂefﬁbsMﬁd@r]ﬂ %|27 have
| ent ers n epl C a | as,, rs an Seco novea

;rgfr{)er s mﬁnﬁsﬂaﬂ 1%@?3 falo @P@@Pﬁteﬁl i ‘PWPPE?FLW%@“‘EJ’ &mqg?atsra&ﬁ ,tens?on

count er cl aeieMiSEto & 16e15% Thdt viidh FRERSERh& A ﬂ;é?t%%‘ﬁmg%ﬂ&%& BPinERY4BYSe

convol ute springs, or one of a nunber of other torque producing resilient
menbers. Rue pbiat of tedeging the usaftil lifkeofl eitherbedowran acteptablegorm byd Abaveahe

resilient nmenbers to produce,.torque.. epen f first noveabl.e er 164
o oundOr | (T EhTe ArERAG SHEPARE R T SRR ATPS St BEE R T od
142. Movengaful 8kl GRNNEGD] fekeiOfhtckfidy BEtvwieaN 8R8e RIS ifdaddftal &esfppve Wi thin

cylinder 13?, which forces Theol ogical fluid 133 to transfer fTrom cylinder

| 32 on onecopbideratibnpi ston 134 to the cylinder 132 on the ot her side of

pi ston | 34 via bypass be, 136. This causes Theplogical fluid 133 to pass
Phrough the. CoraBRt Ro KB aksrry S RIRET b BaReReGR o miinlze BT B35
vi a conduchedecohSidelaliBhs HSRsht f 66 AAd témplegitfcaneamsmaghatisitiaed ogi cal fluid

133 and thereby increases the 25 viscosity of magnetorheol ogical fluid 133.
25  accomplished through manipulation of many geometric and material parameters known

to those of ordinary skill in the art. Among these is arrangement of the driving and
driven pulleys based upon inertial or other torque each presents.

Drive systems that include a motor/generator present new and difficult limitations and
heretofore have alluded practical optimization. The root of the difficulties lies in the fact

30 that the pulleys which supply the driving torque and present the greatest load and inertial

10



When magnetic coil 138 is not energized, Theol ogical fluid 133 passes

t hrough bypass tube 136 in a relatively unrestricted nmanner. Thus novenent
of tensi omemh®81is relatively free of danping. However, a6Twshi/30138
becones energized, the resulting increase in viscosity of Theol ogical fluid
133 creates a restriction of the flow of 30 Theol ogical fluid 133 through
bypass tube 136. There is a direct relationship between the intensity of
the field inpressed upon Theol ogical fluid 133 and its resulting viscosity.
15 WO 02/ 29281 PCT/ US111/ 30752 Dependi ng upon the size and shape chosen
for bypas i gc,%;(\, I i : aof.: ially

| ocki ng fiﬁ)rr%t o?ag%é%ﬁ?g?%ﬂr%o epgﬁ()l%G&\g?&?g%ﬁ'm p zri’?gllg@ “gh‘s‘"‘{?g’?g'ﬁg pat h
depi ct ed loadfamgpresested phpn resmally ¢rvoantereddula wemtentiasal deilve systdrhs enbodi ment

Il ddi tional flexibjl] h d t t d danpi il

5 appti ad t o Rt g e deptslel P rabist SeniBeady oglmites peropY mode

* sensor 66p@ngrivedyiserd 80 irfdertain égbﬁcdti%ﬂé for'\thd wn%biﬁ&ﬁmifnﬂfdeg,wulﬁgy al I ons
g

fine-tuning of first and second tensjoners 126 and 127 danpi ng.
i nst arfce, whempoupdedwith izst oad serond|tensiohers 26 and $@rof the ddsigneand|conggnictioass t han

that necegsary.tonl ock, first or .second tensioners.126 or 127 in place,

i medi at e ?Plf}é%hn 1@8&‘30)[;?/%5%?‘3@18?? ‘Eﬁﬁ‘&ﬁ?‘%dmaﬁﬁ%ﬁi’%@ﬁ Birst or 10
second t epgbRd &nSioh&B2 0 bnlyATrstEichep 26 & dbph@dingg@k bowed to respond to the
node change by a slight relaxation in the | oosening direction. Then after a

brief peri odirst irasigaerlorepninaiselirst iensierss @yllen28, aadin pivios #0,alamper pivet 42,
tensioners 126 and ,1 in the W | ocati for the duyratjon of,the tine

e Cosoory R sy bt shod 8 Bmp AR A bidinglobipd BB AR BenB” [T
sensof0 66paans4)eawbpivbDs 6, PlinkBes 8 sélendid YO indreaduders 69f Firktehsigng 15 second

tensioners 126 and 127. This information can bhe grocessed by si gnal
pr ocessor P& 2P, dampen ragredt, ratchel fastin2, biasiagtspring SG,ad seaip pivot 4d8tconer s 126

and 127 t yrhel - . L [yQn.,or
vibrati on 5PORETRY ERRBEERTE ot bRk sDh 0.3 B indinBiied e 2.

pr ef er r edOetieh oekilisnn inenfBae imelidoay eldstameticldPneanatid membersed@terepiglepldogi cal
in nature. In such _case, 20 electrostatic plates (not_ depicted) repl ace
magnet i ¢ HGRTPVids springrraée Biasing-alt il of aeted thal fgst fensioneifsisinhaced batavesnt he
sane. 4 fur . [ t h [ [ eferred
cmbod, rent L iR S AR5 A AL HRIHBHRI st o Secob T enef B L PUIRERNET %50
and conduplac¢dat@Re teanidadon of stapslaak-side span3 & oppetitofromdsaathihgtivh aaners | 26
or 127 by affixi nr% teebg)' ﬁ‘f upon first or second noveabl e nenbers 164 or
165and af MOIQIEgnemRtor Py ‘ng 25 portions in a stationary nanner,

respecti vel WynEh SleSsoy BaPIFSsy MR B tSHOOGATEN In SHEF it dendiBedASR 19
nodul e 130. Here, hydraulic fludid 156 repl aces Theol ogical fluid 133.
Accor di nghtgrt madgneode sansort 661G8gure ¢ pseasesttibprededBe ofithd padivalar nmds. Th2 ar e
absen g I n this enmbodi ment ¥\h n.ei ihert first or SFgond.terhsi oner 126 or
127 149 mofRoAf SFHOT AR ReiopatR eneZecaﬁl% E¥itghor Ripy Refcd A timg Bi%6 s 30 forced
fromthe hﬂwsgeaaratdrqn r&deivey llebfiRh] pfowwer wsé%n_m SHvelRESIGS WL drivd syRansed
check ball 148 and info upper portion of cylinder 132. Since mmjor
passageway0,054an be part of gy etamoyi woiggitiopEWitels1Mpdg saBor ¢eisaommeinly famde,

tensioning.direction o eration offers |litt anpi ng. en first or

second 1 ofiist Efonti3iepfor H5nR Bl he il ff T Pid POk SirBke, |

fluid 15666 & paRsedad sfghalpropdsssr 68pwhichan be & yhiidtgl ©F elkS@ichlndifRuits fi0process

passaggwaglh 150, into the lower portion of nmajor passageway 154 then into
or Hied

| ower igng} andmpkgyid compatiblewith firs) apd secend aethatess/G andy A akhevel y smal | .
Thus. b . g : . : by . U et
sboona” toREBhLRe SRRSO S il Ut RGO AhoRE Bt ot ©
" subst ant i 68,|andrfirstrandtsecbndlabtuators® arek Hrare knowh ay those bhaddirhepsldtléathen Fi gur e

2, is included, cantrol, piston_152 can_he sel ect.ively, extended, or
_ retract edart THEStaod Speond; ashatars Z)(%%‘?daf%%a\‘?ﬁfé%ﬁ"ﬁfiépﬁ’oém COEPISESs cont r ol
pi ston 15ikehil%0f hving FiEhgeR S8 8l cddduCRR 60 orRadt ARt dmPsecond tensioners 26

30 and 27. While the preferred embodiment contemplates use of electrical signals, sensors,
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10 is fully extended, first or second tensioner 126 or 127 can still nove
in the tensioning direction with m nimal danpi ng. However, m nor passageway
150 i s obstgepedvesi causing first or second tensioner 126 orpdRustisorse | ocked
agai nst novenent in the |oosening direction. This enbodi nent enjoys the
sane flexibility of danping, in the |oosening direction, as does the

enbodi nent of Figure 4. 15 An additional enbodinent simlar to that
depicted in Figure 2 is also envisioned. The ratchet teeth 52 and the
mating teeth of paw 54 can each be replaced with a formof teeth that are

straight,_as oppos o.the depicte aw-t oot hed configuration. Actuation
then | oc kBrOF?SiSE‘%’ ?ifadasc M If‘%%@‘\“ﬁ?}egy%%‘w&ﬁ’ a?éip???%lﬁﬁlﬁq\a[:?hfe@ﬁ?rﬁg and
| ooseni ngpicéB6rsi 1% achalteB atd 16 fReHdmRy. unavail abl e. Further, all these

teeth can be repi aced with 20 corr.es&)ndi ng braking surfaces. This allows
| arge cont r Vhewvesigaelrippasgedie sotpnoidt &), éds bgsséd vistconducters 62d Solensiddifler 26 or

27 without bringing d ing to, the point.of | iLng. lt.is further

cont enpl a{eé‘c'fs Enae S_@fﬁ??‘%ﬁ%ﬂ%%ﬁri nEAERNe pggv?ﬁ Ftt(f .gcaatwap%uttpéwi%/%?@ not
havi ng acd th_@pdﬁmafa@agrnglpawksmw_h&u&tieta&tﬁ 50 S Wit s9eRfgutE TRger 26 or
27 depicted in Figure 7. "Use of first and second tensioners 126 and 127 of
Fi gure 3 sagerd teopianernpliess Hhempd hepnralighetdn tigotensipring diresdiopdsit edchris of cont r ol
pi ston 152 js fixe i t her ex e, Vari.ous other asymetrically
farped t ofraaRed ¥ iocked, AR bRSin W eBhent® SRS ol 1 23" Zed type. Hirst
and second tgisd gmefate AOdé TiistAkteanhediaelspdn 3224nd last inRaRetiatdSp Fregsed
above, in the generate node, start-s|ack-side span 36 has tension that is

subst ant i HiellgashieasipnrNe pignaltis passechio) fat astuaterst0. iAncerdingly.nawlS8and34 or
first,qnt ' | he s . i ionshjp is
rever1sded. %ﬁfe?ﬁ?lﬁ%ﬁéﬁ%ﬁg%ﬁ% assyralg lgﬁhdt@%‘ggeﬂg& ﬁfg%sﬁn%? %é? Lt? tct)6 glg%;{rh te,
second t esafi©tefsion for the Etire @Bcdssuibelt Uiise H\tdm | Oakestieard 6f craddhaft/ 29281
PCT/ US01/ 30752 direction, qQr counter clockw se. First tensioner 26 is
concur r enPiNeY44 Bdatpstrermrl motay/genaratge pulleyelfs  Biasing seringeed acknto Rigs first

cl ockwi se,, T f these novenents is constrained by the anount of
danpi ng f%eﬂ%igﬁ?rﬁﬁ?g (%g'd tensi oner 27. This novenent continues until second
t ensi oner 27AVhemalh®ged biecdnditidn offpoivestransmisstion Eel{l3(; biasimgtspriag 50 eauses
establ i shed py tensioner frame 64 reaching its pechanical |[imt. The limt.
can al%o ﬁ@&f%ﬁ FRangad by biasingsprips B 1o [eRathe ol st dersisivet pilea 25 by
second t eQgi,BREH b ke Pams BF Fevbl\Rl aBoutintliiR Bivit 46 & the ARRAisLahyeen where
counter cf‘%@kvﬂmese?%\%en%nta%m t ches fraom bellng vEel tﬁﬁ ooseniﬁﬁ'lgS to belt :
t ensi oni ntensiGning directbordintisatedom Eigudy2.r Bisingspring 50 cawse$ ddmpertaymfdrtg t
tensioner 26 w |l provide static tensign. en the node 10 changes f.rom
gonor at o Heae Py i pechpesimrell AGHE Sam Srrgade IRk EBATERSANOT ¢ he
above is Eérgﬁncﬁloﬂ_wim the $eOhbEAIaEIaAbnshiY bYBhinTpivot twifl da28sep BHof 8ARbONEr 226
or 227 woul d provide the necessary static tension only after the other

t ensi Zher démaperracectfeld more dockiviseoinder dampexsboe 463 eiviagrhiseliorredanepingpi ct ed

i ncor pora

passi ve, - BEiRng M RBmRFegsHT epdhatsEHEhc oyt R bR ACBII <51 G

belt 30 fphles28 fipticOREFower frangissida 6e10B80.1 Béweeerathe@ldckivieshoventntadect i on.
The present invention found in the described enbodi nents acconplishes

si gni fi cardlatineshipiof atvotsd bind 4a tendde fassandhe mating faeaphiiopdpficacaofd| e, at
h . . ) AR . ¢ .
doscr i pti SO HREE FidHobds Bhtb) AhBPRE lnsRRE SRRD LB thictues e 1700700
been zhowrnsidningalifeaor.ngs and described in detail in varying nodifications

and alternatjve enbodi nents. It shoul,d,ql?’gj Endersto d, however, that the

f oregoi ng de¥en pheicopdigionof poyerteansmessionel,30fpress firsh tansiongrpplley 28 t he
scope of J i k : l1g of =Y : | preted
o v ew ofo g TR oBEknlrk Qo Uy BRI e Brck Bt W eiRing Bl ced
her ei n sub6,aht gournsrcloekwisamdvereni andtrbletiadshgnafomaih aad damperpinets 48 anthi ch i s
not specifjcally. disclqgsed hergin. .11 2/ 292 W, Cdain.. .. .

PCTI 115 | 47 b iierson e R beatohion 4G MBS E i 1S LGRS HISHARS of ¢ he
type $mvi fgréas&d RREPRASbniY 'ﬁluﬁé‘y 28 PevBRLE BPME Yoddkhih Mire@ioD tk /dasipaigat or
pulley, a first belt tensioner,” a first 5 belt tensioner pulley, and a
powei transm ssion belt trained about said crankshaft
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pul l ey, said accessory pulley, said notor/generator pulley, and said first
belt tensioner pulley, said power transm ssion belt having spans defined by
term nat iwo92p928xi mate to each of said pulleys, includingpcmusnnadiat e
spans beginning at said crankshaft pulley and ending at said

notor/ generator pulley 10 following the direction of belt travel in nornmal
operation having term nation ends and further including a first of said

i ntermedi ate spans having a crankshaft term nation end proximte said
crankshaft pulley and a last of said intermedi ate spans having a first

not or/ ge | enerator pulley, the
i mpr ovenen cﬁ&?fenﬁ?fdﬂd&%f@é‘b 1§§§gﬁx %}S r%ﬁgﬁd@gl@gﬁﬂgﬁ{wi‘? BV Havi ng a
start-sl atcdnsﬁusi;&)rﬂjbwﬁobegl nni ng at sal d notor/generator pulley, follow ng
the directign of belt trayel jn normal operation, said start-slack-side

span havi ng (OTEERIINERL AGHNghIsdasea o sesPRd Aviuate 7]en15lhe|cﬁ*3i)@4 tntodensid 60
oL Of | 98 palsl vioh iR E2A SURABRI GRS gglgh Ay AL ARPSR! L e OF sald

second generator termination en | ng first

t ensi dnerfopeihg pywlnidotoiromtecabmut pawtipiaitis6and nahsitfg pawllsntte Eenge a&teheiwﬁth not
being either said crankshaft term nation end or said first notor/generator
termnati end, and said system having a second tensioner with a second

tensi oner PWLh&M tRiGRPLAGS %éaetvi?étae%gmmeemr ﬁ§1%nmn%fgﬁq.%ur9&'t not

proximate to a termnation end sai |nterrre|atesans
i mpr ovenewith dfis tdchmglfac;toxf sedond tensonpr pulen §9 camraﬂcmenmhel tdnsiomingrdirectied | ey
bei ng pr i.on end.,.30.3. The inprovenent of

Xi pat e sai reamtermnt
ol a1, BT Tt gF FEKF SOTBOviRg 10 310 oo Rmgidiectipn I RGO O aai d 1 r ot
t ensi@nerogaidiloorAeinb@r P1 AXhdiBiep 22 woREPHOEARANS tHeA RS &1t tfh%l | 4 A of

said first internmediate span bei ng opposite from sai d cxanksh
t er m nat i prwerncnsisisgion bak 30 tpbotrainedabot ﬂmlmﬂmf]shoftestphmblcdmtame;l Te said

first tensioner tri.cal l dlrectlon di ng to cause
sai d powel™ Fr‘a‘?‘%"ﬁ&@ﬁg(?ﬂwé'é ?n%s%cgl%*tgjéﬁ aé?’rg‘? is new R, Wo H{S’r‘g\PS‘?‘ant of
claiml, ﬁpUnttB@ﬁmSmf'dﬁjnBﬂ}g ﬂi@tl&ﬁé@pﬁ&?&“ﬂme%@%lrﬁﬂ% dQﬁbﬁ‘@ sRSy/ M Rid | cal Iy
biased in a direction tending to cause said power transm ssion belt to be

under t endamping gice #Relf a@ff@mﬁéﬁﬂpl@g cenfiguration were ubest; as dispusised bdowsai d
T T e D MR A i
to be undgmfig@fsibpn. 7. The inprovenent of claim 3, wherein:
- However, the engagement of pawl 54 with teeth 52 holds second tensioner 27, which
in turn restrains power transmission belt 30 to the path along which it was trained just
prior to accessory belt drive system 10 being placed in the generate mode. Accordingly,

20 tension on accessory belt drive system 10 does not lessen substantially when the mode is
switched. This configuration and asymmetrical damping provide a substantial benefit
toward optimizing accessory belt drive system 10, when operating in the generate mode.

When accessory belt drive system 10 is to be operated in the start mode, mode sensor
66 (Figure 6) senses the presence of the start mode. A signal is passed to first actuator 70

25  but not to second actuator 71. When so configured, first tensioner pulley 28 can ratchet
in the tensioning direction but is restrained, or locked, from moving in the loosening
direction. Second tensioner 27 now behaves in the same manner described above for first
tension 26 in the generate mode.

As described above, last intermediate span 34 becomes the span with the greatest
30 tension when accessory belt drive system 10 is in the start mode. Start-slack-side span 36

becomes the span with the least tension. Without the operation of actuator 70, first
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said asymretrical biasing being that biasing at a level that is no nore
than that 20 provided by spring rate biasing, when external forces acting
upon sai dwig egb2giensi oner and said first tensioner pulley rrrusoessrsthan
necessary to overconme said spring rate biasing and would thereby tend to
cause said first tensioner pulley to nove in a increasing belt tension
direction, and that biasing that results fromspring rate biasing and
direction reversal resistance, when said 25 external forces acting upon
said first tensioner and said first tensioner pulley are greater than that

I R e L e

30 8. The30npboirsinedhabout tiel mittiof/shortbs pessible Aldtancd\OThd Fhe ¥ABduld take
PCT/ US111/3(1752 said direction reversal resistance results froma danping
factor reBpURUiragmissIonRedmdo asumethis newy rath wenk depend ypengheipmeentiafn of

decreasin | I d
directi ongerulielgin% We%?g%lgdn%}]eﬁr%ecg{ﬁ%&ﬁ? rom gﬁ% {2 %?da%a\fll}‘gﬁﬁg {eagf)ggd?ﬁg to
novenebt afdiffaent cfahmi;ﬁg ¢mﬁgumuen wene nsed; amsc:usueddb‘blod\e thienahe tigelvaduld t ensi on.
10. The i nprovenent im 7, wher, ai d di rec i on reversal resistance
is inter mgg eé’ﬂtqu)nélﬁg‘rﬁv“é&?#ﬁm?@g%%‘ég ‘{]W'Z‘ﬁé%}iqdcﬁ?n IBUHoR of a

not or / gener | .

ol 'y 15, HiRRoreh FE CABR ol GTHITN 3 SR il S DIl R et S A B

intermtténn rehtnamstpomr trenserissidn badt3Gtocthe path pluingodticloit Wasitrained qusd pfibr st
tensi oner 15 bein apped at I T, arrpl | evel .in the decreasjng belt
tensi on i SEROR I E Ferol g SR pBra D s S Riodle, AREPTHIRER. HORIR Mo de
and s3pd_bdcslor) 887 HANCEySRAL NOIHATRE sith AbSERANG RARBolEisWtcAEET easi ng
belt tension ditection when said notorlgenerator is operating in a

gener at or ImportantyOthiPallofsehe nqiccmmnﬁ astatit taiswinpviaGprifgiraidef bisompsprgigng:

said intergpittent direction.revers J St a licati b ai d
PR ot LonaDahd BVesall BESTe BRI EIR 25, GiE0 RghticRndY el Blap A iV Y
tension d'cbﬂ?%dré’ﬁbn‘éﬁl*@fbt&ﬁe@bm&mé Ha@ivat SRR teknd peFSindink & Suffeding uﬁah@r node
and said fir t ensi oner being not | ocked agai nst novenent in the

decr easi ng b®hen ttmmmswtqhé&tﬂm stag t%@lﬂ@twa@tmﬂﬂﬂgémﬁmt@ﬁ aids operat i ng
A R R I T R
control i RgHdionee36And pravIf34QBes@ge rafhe? &émwbme@md)eﬁmaﬁdrm o dgrther
allows first tensioner 26 and second tensioner 27 to return to the generate mode described
above.
The activation of first and second actuators 70 and 71 can be based strictly upon input
20 from mode sensor 66 or upon additional parameters found in signal processor 68. For
instance, time delay can be built into operation of signal processor 68 such that first or
second actuators 70 or 71 remain active for a set time after mode sensor 66 indicates that
the mode has switched. Further, an advantage may be found in deactivating either first
actuator 70 or second actuator 71 after a set time period regardless of when mode sensor
25 66 signals a mode switch. Further, mode sensor 66 can sense engine r.p.m., engine
manifold pressure, torque upon crankshaft pulley 24, or torque upon motor/generator
pulley 14 for determining a switch in modes.
An alternative preferred embodiment is depicted in Figure 3. This embodiment is the
same as the prior embodiment with the exception of first and second alternative
30 tensioners 126 and 127, including first and second mounting plates 128 and 129, first and

second damping modules 130 and 131, first and second main pivots 140 and 141, and
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30 14. The inprovenent of claim 13, wherein: 21 WO 02/ 29281

PCT/ USOL/ 311752 said control input is an electrical inpulse. 15. The

I mprovenmand opbo2gl ai m 5, wherein: said asymmetrical bi asi nBCh&s#igriat
biasing at a level that is no nore than that 5 provided by spring rate

bi asi ng, when external forces acting upon said second tensioner and said
second tensioner pulley are | ess than necessary to overcone said spring
rate biasing and woul d thereby tend to cause said second tensioner pulley
to nove in a increasing belt tension direction, and that biasing that

Dve | It i recti
Card 10 cUECPREIR AL RIThERLRE KA kMo R ATt 830 SO il o

t ensi onerpipoiis|169 and 43 aeauxdﬂilytdiﬂmacb&aﬂomwsswqont@npjmd dmtrﬁrﬁ ahd spring

rate bi asi n nd. t here to C said s nd tensioner pulley to nove
n' 5 decriadeianrondie e 4 ek a1 o Saatale T hRuld e renaentiast Ll ai m 15,

wher ei n: &?én@atwnr&%m%d %%H%&J51Jn%§ﬂn§§r@d5¥eernéﬁﬁ&k 484 5@@ 3 SwilppP! ng factor

respondi ng to novenent of said second tensioner in a direction of
decr edsi ngvéretd, in temsis of which. fadds doiwapd,do eew firsifand sedomd 1éhsionkemdleys 220 sai d

direction reyersal resi e resul.ts.froma |ocking factor responding to
movenent a‘i de QEWFE%P]&H%E eRitfed direction of decreasing belt
tension. 18Fpjfkpmd geeérm/@mﬁg m‘odﬁie@nm i 19R6 8f the saﬁe‘aeﬁgﬁsﬁ& i on reversal
resistance is intermttentl in response to operalion 25 node of a

ap
not or / gen@matrmthnn Ar@otchmglu,annl gmﬁdmpmg ingyslule 130 is depicted ingregiendetai o

it orn ¢ iR BRpBs hepds £y SrBu Omay T Phei T8 PReRE R cocona 30

t ensimner mhgidiig cdﬂrmedcoa;heamfglrb@mi FBRhdEng BMEI44] BodyhRi6d 86d EaRlubgrde! t
tension direction when said notor/generator is operat | ng ina not or node

and sai d X2. Cxlipden b32gmiduypessttnbsi o dre diflsd “G@idb??ﬂiogleaisﬂwhéﬁ bleithiy danped at
¢ eocond SoR e Bl RL A BpRELhahERRRER MR on then =2 d
claim 18, f wishaid oomd fefsibgErs 126 and 127 have resilient members (not depicted) that
bias first and second moveable members 164 and 165, respectively in the tensioning
15  direction, counterclockwise. The resilient members can include torsion springs,
convolute springs, or one of a number of other torque producing resilient members.
Further, they can include lever arms acted upon by linear resilient members to produce
torque. Movement of first moveable member 164 around first main pivot 140 is
mechanically communicated to connecting rod 142. Movement of connecting rod 142
20  causes piston 134 to move within cylinder 132, which forces rheological fluid 133 to
transfer from cylinder 132 on one side of piston 134 to the cylinder 132 on the other side
of piston 134 via bypass tube 136. This causes rheological fluid 133 to pass through the
core of magnetic coil 138. Energization of magnetic coil 138 via conductors 162
impresses a magnetic field upon magnetorheological fluid 133 and thereby increases the
25  viscosity of magnetorheological fluid 133.
When magnetic coil 138 is not energized, rheological fluid 133 passes through bypass
tube 136 in a relatively unrestricted manner. Thus movement of tensioner 126 is
relatively free of damping. However, as coil 138 becomes energized, the resulting
increase in viscosity of rheological fluid 133 creates a restriction of the flow of

30 rheological fluid 133 through bypass tube 136. There is a direct relationship between the

intensity of the field impressed upon rheological fluid 133 and its resulting viscosity.
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preferred embodiment comprising ratchet teeth 52 pawl 54, plunger 58, solenoid 60 and

conductors 62 can be incorporated into first or second tensioners 126 or 127 by affixing

teeth 52 upon first or second moveable members 164 or 165and affixing the remaining

25  portions in a stationary manner, respectively.
Figure 5 depicts another embodiment specific to damping module 130. Here,

hydraulic fluid 156 replaces rheological fluid 133. Accordingly, magnetic coil 138,

bypass tube 136, and conductors 162 are absent. In this embodiment, when either first or

second tensioner 126 or 127 is moving in the tensioning direction, hydraulic fluid 156 is

30 forced from the lower portion of cylinder 132 into major passageway 154, passed check

ball 148 and into upper portion of cylinder 132. Since major passageway 154 is
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P 810%6 ggntr pl/ston 92 can be selectively extended or retracted The descnptlon of operation

immediately above assumes control piston 152 to be fully retracted. If control piston 152

10 is fully extended, first or second tensioner 126 or 127 can still move in the tensioning
direction with minimal damping. However, minor passageway 150 is obstructed causing
first or second tensioner 126 or 127 to be locked against movement in the loosening
direction. This embodiment enjoys the same flexibility of damping, in the loosening
direction, as does the embodiment of Figure 4.

15 An additional embodiment similar to that depicted in Figure 2 is also envisioned. The
ratchet teeth 52 and the mating teeth of pawl 54 can each be replaced with a form of teeth
that are stra;ight, as opposed to the depicted saw-toothed configuration. Actuation then
locks first or second tensioner 26 or 27 in both tightening and loosening direction.
Ratcheting becomes unavailable. Further, all these teeth can be replaced with

20 corresponding braking surfaces. This allows large control over damping being offered by
first or second tensioner 26 or 27 without bringing damping to the point of locking.

It is further contemplated that certain applications can be fitted with tensioners not
having active damping or locking, such as first or second tensioner 26 or 27 depicted in
Figure 7. Use of first and second tensioners 126 and 127 of Figure 3 incorporating

25  damping module 130, where the position of control piston 152 is fixed, is another
example. Various other asymmetrically damped tensioners can also be used, such as the
so-called Zed type. First and second tensioners 26 and 27 are relatively balanced.

As discussed above, in the generate mode, start-slack-side span 36 has tension that is
substantially greater than the tension of last intermediate span 34 or first intermediate

30 span 32. In the start mode this relationship is reversed. When the mode of the system

changes from start to generate, second tensioner 27 is forced toward its belt loosening
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tensioner pulley 29, such that a mid-point is reached between where counter clockwise

movement switches from being belt loosening to belt tensioning. Once second tensioner
27 reaches its travel limit, first tensioner 26 will provide static tension. When the mode
10  changes from generate mode to start mode or from rest to start mode, the converse of the
above is true. In this configuration, either first or second tensioner 226 or 227 would
provide the necessary static tension only after the other tensioner had reached the limit of
its travel. All embodiments depicted incorporate some form of direction reversal
resistance, whether active, passive, damping, locking or ratcheting, -any time power
15  transmission belt 30 forces tensioners 27, 27, 126 or 127 in a belt loosening direction.
The present invention found in the described embodiments accomplishes significant
optimization of long-term and short-term performance while, at the same time,
substantially minimizing cost and complexity.
The foregoing description and illustrative embodiments of the present invention have
20  been shown on the drawings and described in detail in varying modifications and
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
limited only to the claims as interpreted in view of the prior art. Moreover, the invention
illustratively disclosed herein suitably may be practiced in the absence of any element

25  which is not specifically disclosed herein.
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1. An improved belt drive system for a power plant of the type having a crankshaft
pulley, an accessory pulley, a motor/generator pulley, a first belt tensioner, a first
5 belt tensioner pulley, and a power transmission belt trained about said crankshaft
pulley, said accessory pulley, said motor/generator pulley, and said first belt
tensioner pulley, said power transmission belt having spans defined by
terminations proximate to each of said pulleys, including intermediate spans
beginning at said crankshaft pulley and ending at said motor/generator pulley
10 following the direction of belt travel in normal operation having termination ends
and further including a first of said intermediate spans having a crankshaft
termination end proximate said crankshaft pulley and a last of said intermediate
spans having a first motor/generator termination end proximate said
motor/generator pulley, the improvement comprising:
15
said power transmission belt also having a start-slack-side span beginning at said
motor/generator pulley, following the direction of belt travel in normal
operation, said start-slack-side span having a second motor/generator
termination end proximate said motor/generator pulley and a downstream
20 termination end opposite of said second motor/generator termination end,
said system having said first tensioner pulley proximate a termination end of an
intermediate span not being either said crankshaft termination end or said first
motor/generator termination end, and
said system having a second tensioner with a second tensioner pulley in contact
25 with said power transmission belt but not proximate to a termination end of

said intermediate spans.

2. The improvement of claim 1, further comprising:
said second tensioner pulley being proximate said downstream termination end.
30

3. The improvement of claim 1, further comprising:
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said first tensioner pulley being proximate a second downstream termination end
of said first intermediate span being opposite from said crankshaft termination

end.

5 4. The improvement of claim 1, further comprising:
said first tensioner being asymmetrically biased in a direction tending to cause

said power transmission belt to be under tension.

5. The improvement of claim 1, further comprising:
10 said second tensioner being asymmetrically biased in a direction tending to cause

said power transmission belt to be under tension.

6. The improvement of claim 1, further comprising:
said first tensioner and said second tensioner each being asymmetrically biased in
15 a respective direction tending to cause said power transmission belt to be

under tension.

7. The improvement of claim 3, wherein:
said asymmetrical biasing being that biasing at a level that is no more than that
20 provided by spring rate biasing, when external forces acting upon said first
tensioner and said first tensioner pulley are less than necessary to overcome
said spring rate biasing and would thereby tend to cause said first tensioner
pulley to move in a increasing belt tension direction, and that biasing that
results from spring rate biasing and direction reversal resistance, when said
25 external forces acting upon said first tensioner and said first tensioner pulley
_ are greater than that necessary to overcome said spring rate biasing and
thereby tend to cause said first tensioner pulley to move in a decreasing belt

tension direction.

30 8. The improvement of claim 7, wherein:
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movement of said first tensioner in a direction of decreasing belt tension.

10.  The improvement of claim 7, wherein:
said direction reversal resistance is intermittently applied in response to operation
10 mode of a motor/generator in mechanical communication with said

motor/generator pulley.

11. The improvement of claim 10, further comprising:
said intermittent direction reversal resistance application being said first tensioner
15 being damped at a first damping level in the decreasing belt tension direction
when said motor/generator is operating in a motor mode and said first
tensioner being damped at a second damping in the decreasing belt tension

direction when said motor/generator is operating in a generator mode.

20 12.  The improvement of claim 10, further comprising:
said intermittent direction reversal resistance application being said first tensioner
being locked against movement in the decreasing belt tension direction when
said motor/generator is operating in a motor mode and said first tensioner
being not locked against movement in the decreasing belt tension direction

25 when said motor/generator is operating in a generator mode.

13.  The improvement of claim 10, further comprising;:
said intermittent direction reversal resistance application responding to a control
input resulting from said motor/generator operation mode.
30

14. The improvement of claim 13, wherein:

21
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10 external forces acting upon said second tensioner and said second tensioner
pulley are greater than that necessary to overcome said spring rate biasing and
thereby tend to cause said second tensioner pulley to move in a decreasing

belt tension direction.

15 16.  The improvement of claim 15, wherein:
said direction reversal resistance results from a damping factor responding to

movement of said second tensioner in a direction of decreasing belt tension.

17.  The improvement of claim 15, wherein:
20 said direction reversal resistance results from a locking factor responding to

movement of said second tensioner in a direction of decreasing belt tension.

18.  The improvement of claim 15, wherein:
said direction reversal resistance is intermittently applied in response to operation
25 mode of a motor/generator in mechanical communication with said

motor/generator pulley.

19.  The improvement of claim 18, further comprising:
said intermittent direction reversal resistance application being said second
30 tensioner being damped at a first damping level in the decreasing belt tension

direction when said motor/generator is operating in a motor mode and said
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h& ()-  "10% h& () -.s10% h& {)=3310%h8. () . #1.0061000 h&' () 4s310%

h&: 8 110% h&!’ (%%°f8§i%’§%%}‘%&$%‘)’§ 9%’?@0%%@(6%‘50}’5%ﬁgﬁ’gﬁ?ﬁl@%}%ﬁ&@bex

#10% 109& () - " L164Biof)diretO0mRvhen saldmbtot@eherddr ohRfating if » gb@tte médé) - EdELC
#10%(10%& ()- - 109& ()-,y 10%& ()-& 10%& ()- , @O%& ()- , ~109%& ()- SkldEbC

#10% ! - 10%&' ()- #109%&' ()-109%& ()-10%& () -, 109 ()- 10%& () - WEJEbC

. #10% - 109 () T hWedolent bEQYH 3130 WBinfplisinde 10% () -, 1# 10% () - EXIENC

5 said intermittent direction reversal resistance application being said second
tensioner being locked against movement in the decreasing belt tension
direction when said motor/generator is operating in a motor mode and said
second tensioner being not locked against movement in the decreasing belt
tension direction when said motor/generator is operating in a generator mode.
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