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MOTOR/ GENERATOR 5 Background of the Invention Field of th&ZIMA¥nHMgn
Thi s i n4gglkeskshs! ates generally to -internal conmbustion engine accessory
belt drive systens each having a unitary device performng both the
engi ne starting fuDaMPED AOECESSORS BRIVE SYSTERVICLAANSIGAI on functi on,
such as a notor/generator sonetines  referred to as a Gen-Star. Mre
particularly, it relates to s L f tonotive 10 applications.
Specifically, this invention relates to a configuration for belt drive

systens each having a notor/generator and each having a danped tensioner.
Description of the Prior Art%ﬁdﬂﬂmuduidﬁdhugimmn engi nes commonly use
power tgansmission belt drive %ﬁ§ﬁ%@ﬁwl&%u&81tap power fromthe engine's
crankshaft and deliver it to o ous engine auxiliaries or

accessori es. This iavintobtdlates gapgrhile otintemal cdntbastonengias saessosy babicdrisde  power
st eering punps, ter.punps, ajr. conditioning, conpressors, fuel punps,
and - al Cer ARG A FayiriA T eVict Br e e e SR LG MEIR BBy

t akeof f pohBkledkich iR wet EteHbR filnc A6 bidhCs AGndtérehdrit6r Jodhinkk t he engi ne
to which is attached the drive train 20 for driving the wheels to nove

t he aut onotsfaresd topga GerdsoMorspagiiculagly; i eglates to such sygiems iauigmatiged to t he
front gf t Iiez{t%ﬂg.s§€éc§ﬁcalﬁ§’}(ﬁhs ﬂﬂ%@ﬁﬁﬁ%ﬂteé &M%@R%n%{&lﬁdﬁv@“ ley. All

of the pull'eys are 1’'n nmechani cal conmmunication Via one or nore power

t ransm ssi systebsleash havirigrauotatiganeratdiand eaSb ireving s Houpedfterisimsi.oni ng each
power transm ssion belt is provided. The power transm ssion belt, the
pul | eys, and devi ces 25 acconplishing belt tensioning formthe accessory
belt drive system Earlier syBetsfiptionsfithed®ibriud tiple v-belts. Comonly,

each belt was tensioned.b manual adj ust nent and_ fj xi af the position
of at |east  JHETALEEESIG GERRLTURT LY Uehiviet sl be! ABre PRI o as
| ockedtg entothip p&kdr fEim th@%n%iﬂ@E Bl48Rshhid B EddlFer1PtonO¥i MbRakiBts enditleomat i C
novenent of any of the pullTeys to accomdate varying condition of the 30

bel t or of AWHETIEE Py eccgssonesyiippuomptiveappliqatiprs, s acepssoriea molpdsr ot her wi se

| engt hen, . i ; ) pr oper
operation % ?ﬁ§£E2$P 8¢fSEEI§§g$§h$C%ﬂgkﬁgkgﬁ@ﬁﬁg?ﬁgE%hggT?ig%%t be set
hi gh enougéltarmatersc Bmtaritally sudheengimes have had e opmuipavico tkediphiniviiitbe  case
condi tions cr%ﬁ'l&hgﬁ p}ortll%d{ng%lmt the ];ea?é% thé gfg%neotfo which is attached the drive train

20 for driving the wheels to move the automobile. The accessories are driven from a

pulley attached to the front of the crankshaft. Each accessory is equipped with a

pulley. All of the pulleys are in mechanical communication via one or more power

transmission belts trained about them. Some method of tensioning each power

transmission belt is provided. The power transmission belt, the pulleys, and deviées
25  accomplishing belt tensioning form the accessory belt drive system.

Earlier systems included multiple v-belts. Commonly, each belt was tensioned by
manual adjustment and fixing of the position of at least one accessory or idler per belt.
These are referred to as locked-center belt drives, because there is no provision for
automatic movement of any of the pulleys to accommodate varying condition of the

30  belt or of the drive as a whole. If the belt should stretch or otherwise lengthen, the
tension upon the belt would lessen. Further, for proper operation of the belt drive
system, the tension of the belt must be set high enough to accommodate the worst
case condition. Such worst case conditions can be the result of extremes of

temperature, engine operation, Or accessory operation.
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03/ 038309 There has been interest in nmaking the volune, of tHk2 W&} 2606
conpar t grybHoREee aut onobiles, snialler. To accommodate the smaller
conpartnents, various aspects of the engines have becone snaller,

i ncl udi ng t hgeROGE B Midb&t fn Iﬁixkaﬁgqhévahﬁ%fﬂmngme%eﬁl %ﬁéht@sporml i shed,
at least in part, by reducing t of belfs enp P each
belt is reaHowebilesastaalieneTo m@lmoéﬂe ﬂmsémﬂereqmmmgtsimnu& ¢$ee€ft$ @fnt of the

engine is [V stem

ext ends fﬂ%%ﬁgﬁgyh4‘§§g¥ 0 Sn‘tizﬂg Herfr?fh?lné% éﬁég%‘g?}]%ﬁ ‘%I%% E’Frsgetnéﬁ erh%%/hl S has
resul t ed has liche acroenpdifhed, mtileagtlepaﬂ,dJypeducurgeth@e&mbe‘rmf bﬂamynpamem cations. A
serpentine belt is so naned e of the it spakes und t he
varToud pasraybeds Fepl a0 SR HIRG Y ity e tra A S5t SBRvar . A
v-ri bbed Qlliglﬁé s tigerdby(1@mbegi, Heastaidlidtind Geek doive Ipeentaltans Rdabme Conpany)
belt is myst sujted.tq serpentine a‘opl ications. The limtations of the

| ocked- ceffearofdhsengirers resuprsh Ulimapiglvothistys menltedindhs ysapbasingle ser pent i ne
appl i cat i 6 601 ArdHny aphR:afiod0 AR RHRAR dd wdEduee st impc! ude an
aut omat i c%%nél onert vf/nern'ye/lgyﬂ?%eo changi ng condt:lglgoo{r%g]ll of@% u\é be?lt drive
syst em cawapé shakesarquad theccaonwsmidlesdn alseridsaé bends ohath foawarduandmat i ¢

t ensi gper f direc | ctly to the
oyl nddr Bkt AT br Mo g ELARR BRI B e GetRBHECL Y e bl
in the pl ﬁhmpetﬁy)rbtattasmost sorftedttheerﬁmitlhedﬁplmaumystem A noveabl e nenber

ext ends bet r nd. t he and.is biased to provide
pressure up\(l))ﬁ1 %‘é’f‘f afr%%/\g) F‘?‘i’g CeBIST PRI ac*fltﬁeg%?t@’%sé?ﬂuég Ye Frace afegﬁ‘bt hen t he
di stance 2&pafRehapyitiatonst Mech@lnbly, okt médeafseaitatihdBdlelives BidRAS ah he bel t
to be in tension. Various technlques and geonetri es have been enpl oyed

to provi deuiPretipfeagiony hsredy the chapgipmeapditigny efcthe belhdrivesirem casbieh as a
steel 15D PGy a@&ﬁﬁn&&tédorlﬁ@aé@ﬁnﬂnaﬁ%mnﬁtlc PRSRAL: HaE'a?raln'eQSﬁJ, wlifchr ot ating
motion which results in the pulley tending to nove in a difection toward
a sur f ace adchehdirdsély or widire¢tly t thetcylinder blopkief the engine, eactepnlémwbwhupon t he
25 belt. S @ at

const ant Po%%eg%hggﬁ{eﬂ\%hmth%M%%Ee’ﬂg?a%oﬁL)Plggp%ﬁv\ﬁ \yfs%gl sy em I's in a
resting smnendef extends bbtv&epltﬂel fepswarleardabe pulley ahd isdiaseDioproadonal

i nstabilit of the.d

nmanuf act uPﬁ%ﬂ”@ﬁP?‘h@‘F éﬁl Véa %%@%@% g’idfs bgﬁ arcltilto\k%qglﬁlngﬁlf a‘hﬂﬁm‘tehe action of

t he 300r esbbhit&HichBeber is tRinel @rbtheleby tdiges! théTbdlStoMke ih tefisian.| Viriads t he
resilient nmenper and eorre% of the tensioner. Thus, the tension upon
the belt (¥HBIAHS e BsPPGRIY b eRfRployed to provide the biasig force

Commonly, a resilient member, such as a steel spring-acts to force the moveable

member in a linear or rotating motion which results in the pulley tending to move in a
direction toward a surface of the belt which, in turn, tends to increase tension upon the
25  belt. .

A tensioner with only these elements provides a somewhat constant force upon the
surface of the belt when the system is in a resting state (i.e., the pulleys are not
rotating). Dimensional instability, of the drive system caused by time, temperature, or
manufacturing variation is accommodated fairly well through the action of the

30 resilient member, at least to the limits of linearity of the resilient member and
geometry of the tensioner. Thus, the tension upon the belt remains relatively constant,
when the system is at rest, even though the belt may have stretched or the engine may
be hot or cold. However, a tensioner with only these elements may not maintain

appropriate tension upon the belt for all operating conditions of the system.



the engine may be hot or cold. However, a tensioner with o

el enment's Rpy of)@ds3¢vRi ntain  appropriate tension upon the belt for all

operating conditions of the system 2 0 2 MAY 2006 WD 03/038309 An

operating belt, dri mtypLcally oscillates due.to the i.nfluences of

torsional vi bf‘é‘g} gr\ré?%gg‘%{ révresg(gtarﬂll rlgaélg&sa ﬂgai't%ft uSﬁo{g‘F“Eﬁugn%ePé)ﬁkshaft or

accessor i estorsidnel vibrafibu ensther anfulaindzatlemt@chf dlendadkisiaTsor adtesedrieethe

i nfluences.. orsionfal Vi bratio .of thg cr nksha,frt ocgcurs, .in part, as a
b e

result of t REISRCEs AL Hopalangsd capditions; oralher fflugnees, o Togsiopal yibaatign; of ey ough t he

conbusti on exfdsket fcuBpinipatyhd NEQIt GHIEE AithtOhpaREPANFEIQ D the ThE
oscillations lead to vibration of the belt, This, in turn, !Pads to

vi brati oh ofrenksaft theapgh Meccomiustionrycles of saeh edinderand pistavseEbinativn-hen

put 1 ds 11 LRGSR 1o PYEdoA0S ! Y1000 WA 1EDL P bRBoRULEY exerts
upon the belt surface and the tension upon the belt. The changi ng

t ensi on upomovdablelpettions ahthe sensionem Aaragtuib then baildsen floseraogeableor t he bel t

drive system ..ln one.i ce,.Lssyes of short-term. perfornance, such as
where the. erioBrRfe i ERE: oR P Rap PR b B alreRah B g e
system s ef @iponitiertept. dhe pbarging teaicinipss itherbelt agtduubd inacceptables excessi vel 'y
noi sy d to.sli e, or otherw se, can .arise. In t her instance, the
amount g‘? t%?@%ﬂﬁgﬁ‘gc%%éﬂ?ﬁv SYMEM; LyonRednstange istes oafnts‘_ ORIRF® accept abl e
per f or mancep@fyrhiife ok bs WREBthelRItlof B belkt ariws?greﬁ@um bRSHBR P HAIHNAS
premature failure of one or nore conponents of the system 'including the
bel t, or onBesystabp effiiney sbpeves ranynisienendldy cortihewassieliraisyWe t hus

| mprove theyagr{.or BROREAle, LA ot ' | been

i ncluded in teggsal%oners. Daer’rped tsenghlr oﬁelﬁgﬁﬁ/%%gg?ﬁhggﬁf@gﬁﬁetri cal

danpi ng whenesessarilg applieddé thetteltnohsabicsepaid pafosmafcetondhd shngitemer s are 20
danped pr oxi ely I et her_ .t he .i nst.ant aneous novenment.is in the
directi gﬁ tgeﬁ%f{{%gonlgéeﬁ}égdggélé&{]aéﬁ’?inéartlu ‘ﬁg%‘h“et &'p8 ?lorgrcomﬁ’o{l%lgs 0oﬁdrleect i on
tendi ng to syens makdirgaghsbat) oupeortoiee bekdsoriést her tensi oners have

utilized asy trical I ng. Commonl.y, such tensioners are danped such
that the danpnﬁﬁﬁci?ﬁgﬂo‘faﬁeg@‘ﬁﬁaé%ﬁ @%b‘gr‘%‘%’ eﬁ?ﬂﬁ{]ﬂ’i eﬂﬁtﬁﬂm?‘?‘i’é&t ensi oner
IS nmoving i Barifiey dvides h@RBeon idttided nSisidABrsANAmPed fERXbAGRS havkafciddi ng i n
the belt | oosening. direction. Certain approaches to asymetrjcal danping
have been p&dupsiacal damping mhereppavement of ths mavsablspoponsal batRsiopsTs pe

moveabl 8 POR{RASpSHbRRIASy ERIYWHeRELME iHAMRLES rodt@snt id fA tROE appr oach,
a shoe is biased against a race at an angle different from '
direction tending to increase tension upon the belt or in the direction tending to

when the systemis at rest, even though the belt may have stdstg&ed or
e 2806

decrease tension upon the belt. Other tensioners have utilized asymmetrical damping.

Commonly, such tensioners are damped such that the damping upon the moveable

portion is minimal when the tensioner is moving in the belt tensioning direction and
25 maximal when moving in the belt loosening direction. ‘

Certain approaches to asymmetrical damping have been passive in nature. The
mere direction of movement of the moveable portions creates the different damping
rates. In one approach, a shoe is biased against a race at an angle different from
norma) to the surface of the race. As a result, the relative movement of the shoe and

30 race in one direction tends to lift the shoe from the race. This reduces the pressure at
| their interface, reduces the friction that gives rise to the damping, and thereby reduces
the damping. The other direction tends to wedge the shoe against the race and
increase the damping, as depicted in Figure 2. In another approach, described in U. S.

Patent to Meckstroth et al. numbered 5,439,420, damping fluid is channeled through



normal to the surface of the race. As a result, the rel ative novenent of
the shoe and 30 race in one direction tends to |lift the shoeﬂ?r@m{tﬂ]ﬁ
race. Thicowmdsmwes the pressure at their interface, reduces th r gion
that gives rise to the danmpi ng, and thereby reduces the danping. The

ot her di Idefedrér@ BritiERdy vk da6RAdME BpsA6HANB tRSholdBle REPONABLhe | NCTr €ase
the danping, as depicted in Figure 2. In another apgroach, described in
A

U S Pdteierer Vi tansioperaroves in the iepeiprine dirersiongthe fluidaapieng fluid is
channel e%&@h%ﬂﬁ%el%%@bﬂﬁ@@&%hﬁg@l d‘ﬁ%ﬁng%ﬂﬁe @éi@é&fe%'h}e tﬁi}é' ces by

val ves dependi ng upon tion tot noveabl e portions o e tensioner.
When t he mevamentrad littevdagnpiimg. tThéhet leorening divectivny the fluslpasteh thrbughiad passes
throu%h aelglele tSi V‘ﬂé’rﬁ] ar ehori fif e or channe{% off%ri ng little resistance
to the fIErY BRI G Tninf’ltci ena%mt'ﬁbr.es‘ls N HEY & eér‘iliawgmgi rection,
the fluid passks abproachoid aayx'améeidcaltténsﬁinyr (falffﬂ_iirhghlw’sibfeétﬁﬂ:ﬁ@é ﬁmamel offeri nlg
greater resistance and gre r danmpi ng. . Anot her approach to asymmetrica
t ensi onera?sﬂzkﬁ%‘?“ﬁ’& dﬁ%glgﬁgérh%g@??t%t@h%%@&ﬁo peve gpapmpiEcal smbadimsatr i bed in
420 pat ek disdufsed4 BodeMan 81eb kY Solafid & dyis bedke SRR iR e shBéLardli scussed.
In one, an electric sol enoid depl oys brake shoes. \Wen the shoes are

depl oyed,depigyadnieyement of thertensigngiis dampedda bpidlifeationst hdditioaalty, ans.

Addi t4gonalda¥e cddplQtdel ' S ' he force
with whi %A F%Cey pz%f(rg‘ee depe%‘%g‘ SldthSyhd fbé%leg?lo ngﬁﬁﬁé% sa?p%?yﬁgnpi ng

i ncr easesvhehér teiporncensven éfherompmgiinrr¢ases whendbetensignadinroaes ingire and
decreasesg when the tensiqner noves . n the tensioni direction. In

] ' n
anot her , 1SC°RBRE ABTAORARE 5o IR e eaons N 1 Be 9 ¢ pai h and
t her eby rdvdétionedn hiiehadparpilar®id depldyb & pistamnNEhieheiodaesradatdipseaed | bed in the
“420 15 patent, st tiljze a solenoid, sim|ar to the twy active
asynmet r itﬁg&yym@ﬁﬁ%@e H?‘@H@ﬁoﬁ@? er tF‘F?(ﬂnﬁH‘i‘HPéoa&L QS%PESH{_;W%%? to swtch
the tensifaRal, ish8uiRLa §0M6hoiD dRS 128 to thORRY Ative ASmmh&riedls daRged t he tensi oner
operates as_an autonmatic tensioner. In the other node, its noveable

por ti ons tepsionpiscieeliding aderiieg fapler tostirly e tensipnarchetyeenrremadavol same
manner asqpérali&{%‘ﬁ 44 bﬁ@ﬂbﬁ%ft&Qﬁﬁioﬂ&?Pcrageg ad B?aut&%gﬁ@%ﬁﬁ(mer.' f il rected
(0] e belt

toward solving unaccepta | Ive system pertformance created by
i nertial dther swde,dsusetable potions ae deckedy cammggabe tehsiguerds sand mych thed i dl er

pul ' eys when rapidly . decel erated. As described therein, when sudden
rotationar decelrara il%%elgscgrbtfgr()taﬁséoélar'at the crankshaft of the engine "the

hi gh 200t at | Bieald20 patenttis diredted theaal sbBingainaccepabedeltidiivé gysteammai n r ot ati ng
and causes the alter n‘?%or. to e ten%ifioner in direction so as

|1 25
01 GosorPeEHITAF HRB oY e BUFTs Agf by e dO Y R Tesep paccessiies

and idler pulleys when rapidly decelerated. As described therein, when sudden
rotational deceleration is produced at the crankshaft of the engine “the high rotational
inertia of the alternator causes it to remain rotating and causes the alternator to pull

25 the tensioner in a direction so as to loosen the belt [of the specific drive configuration
depicted]. ... as a result the drivebelt (sic) slips ....”

Traditionally, an electric starter motor is provided to spin the crankshaft of the
engine so that combustion may be initiated and the engine will begin to run. The
starter motor is located near the rear of the engine and is adapted to intermittently

30 engage the rear portion of the crankshaft through a gear train.

Currently, there is increasing pressure to reduce emissions and increase fuel
economy by lowering the weight of the automobile and reducing the number of
under-the~-hood components. An approach taken toward these goals involves

combining the function of the starter motor and the function of the alternator into a



depicted]. ... as a result the drivebelt (sic) slips ......

Traditionally, an electric starter notor is provided to spiQ t&ﬁ

cr ankshaf tW@P3/638309 engi ne so that conbustion nay be initiat (; ﬁ ng
engine will begin to run. The starter notor is |ocated near the rear of
t he engi nengladevise, agpirg@ndritor oit £LGEA-Sthe N Tsy tondf BB gageflinteeaki@ar portion
of the cr&g{(shaft thr ugg a gear train. lejrrentky there is increasing
pressure SCaRRIRY PP uRRIOmotesithrdise ek entiE called s¥iepAp-1e | Bier i ng t he
vei ght  of fehiies igWhermkd igiRNdalerlagd B WHRR it WoHReSrdfaria e fieh Be- hood
conponents. An approach taken toward these goals involves conbining the
functi on tsstartefewhendhe aytomphileris gxnecied o eamma Moo fThihisatire er nator into a 4
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t he use ofhemodtagensratociplazed Ingheghanical cohatnicdtionswith thatrankshiag wisher e t he
engi ne is_all owed ie en it,would ordinarjly idle, . then be

rest ar t ed NRASTTOR: egh{jrgﬁb\@?‘f mofoy/gensxaton ang afS(S’C’la%gGﬁ‘éesm P%lﬁsnvlghi s feature
5 subst antysehd tyndste beplaes dt iR feemantls eqpiad Gbwaver) pReiQIERE ¥yshalst dri ves.

In application the notor/generator is placed in nechanical
comuni cadfiodier lgcationsHacnding fherigariof fie gngipgs epaisionedry belt drive. The

ot or hgener athehdRRfofF0ShAlSEnR CARSSBE YeshiRlkt, oflpé W& taf¥iisiBh bands to be
pl aced at the front of the éngine. However, placing these systens at

ot her | océtiveswisiemp.rie fagelswhgtantid newahallshgeshé eggfiernt challengd, sinored. 10 The
advent of 4GRNE AL %y%%igga ?e?&%ﬁiﬁg Ey%?engﬁﬁl R8s in {ccﬁt%@ liaelk&?r&%@ Ssion
, to fac S enges.

belt drive é>}stems e su anti al” new cha signrficant
chal | engeby ammnessotylvel drivhithst ineladesttins dew dtdge, swvhichnsi ouly offesy st em t hat

results i n.acceptahl e r.f or.-mance, ccessory, belt drjve that
i ncl udes f‘fh“é“%?@@&agéeﬁ‘ go atopgl ’Bﬂ%ﬁ&“ %%ﬂ %B?af%er%"“%%’&uﬁﬁ?tpé}?e | oad and
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accessory_ belt drive. Further, it provides this large driving torque on
an internP®™%nt basis. A tensioni ng systemstated to be an approach for

t ensi oni Ng AeAHiERAS YstenPRAtbd todfel M Aphro&R BPAdiblIBg Sh Ad38dsoR HERI € starter
notor or a notor/generator is disclosed in two Japanese Patents. One was

i ssued undeye ingATRRt cithor pmere sEFONBYERer matpr/ gangTateip disqleeedde her was
I ssued undled s BUERE Patchts: AOneAPds isBd NP HBRBer 31129288 b NdVenftdPFE Pat ents,

it is disclosed to place an autonmatic tensioner against the span of the
bel t 2RI cRONoUThd ofierwakissued uhdry sumberdpldd, 287, arigovemtbher 2h@08dt by / gener at or

Is I N statfoe patents, it is disclosed to place an automatic tensioner against the span of the
belt which would become the loosest span at the time the motor/generator is in start
mode, but for the presence of the tensioner. This span corresponds to the span that
receives the belt immediately after the belt passes over the motor/generator pulley,

25  when the belt is moving in its normal operating direction.

The disclosed tensioning system has been identified as less than optimal. It can be
improved to obtain a blending of better performance in the short-term and in the long-
term, and a reduction in the width of the belt.

Accordingly, there remains the need for a tensioning system that provides, an

30 improved blend of short-term performance, long-term performance, and reduction in

the width of the belt that may be used for any given application.
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optim zes, belt .selectiqn..5.The present invention has as a further object
t he provi@?‘bﬂerfﬂ‘"nﬁ ceaf’é’arl?ﬁ]éf”ﬂ%gal ~ tensioner in conjunction with a

confi gurati @o aéiade thel Fdrbgiingdiid dthet 06jes & dccbiance Wik de pugpdde per f or mance
and belt width. To achieve the for.gfgm n%éand ot her objects in accordance
with the YuMhporresenpiinyerdon e embodiel, apd itsendhn deasriisdi Raeiandn br oadl y
descrypeddiaksh Nardh syhfindGERRHA ¥ Mool EertitbCR | ARIHELNT The

notor/ generatof is disclosed. The invenTion I's an Inproved Internal
conbust i omventigh neath axpmyedaintarzal lcembifstion amginebaasg arcyankshafbianr / gener at or
and a belt-drive system The bel ni.ve syst hhel udes crankshaft
pul | ey, aeﬁ:c%is’é%rgsasgiéior&ﬁﬁvﬁrgof’ aggﬁtgf lg'fl?‘éees 5%a ! gﬁepﬁﬁ‘{%%e Bt tensioner ,
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the crankshaft .pulley, the accessory pulley, the notor/generator pulley,
bnd L. bR epshier BT iRy PoTRG G Pror el LrBIBIEaa PP FeBER s act st he
belt @ aabosi ME lcranksalic il (O abessbly pulled, TRE Rie6t/devetattl puB&SI oner bei ng

asymmetrically biased in_a direction _tending to cause the power
t ransni ssiWrih kel tengiop RyHeer The belkieavionep pullyy egntastsstbeibsitiaba of t he

E;?;M S?St A 2 SIRACKED I N i€ iARRES by YR £RkideP veHpCishRinn&dnyn and form
biased in a direction tending ‘to cause the power transmission belt to be under

tension.
20 _
Brief Description of the Drawings
The accompanying drawings, which are incorporated in and form part of the
specification in which like numerals designate like parts, illustrate preferred
embodiments of the present invention and together with the description, serve to
25  explain the principles of the invention. In the drawings:
Figure 1 depicts a schematic representation of a preferred embodiment of an
accessory belt drive system configuration including a motor/generator.
Figure 2 is an exploded view of a tensioner forming part of a preferred accessory
belt drive system including a motor/generator.
30 Figure 3 depicts a schematic representation of an alterate preferred embodiment
of an accessory belt drive system configuration including a motor/generator.
Figure 4 is a detail of an alternate tensioner forming part of an alternate preferred

accessory belt drive system including a motor/generator.



specification in which |ike nunerals designate |ike parts, illustrate
preferred enbodinments of the present invention and together with the
description, serve to 25 explain the principles of the invefti t he
drawi ng®O B8P 1 depicts a schematic representation of a p?e?‘g!rzengﬁ
enbodi nent_of an, accessory belt drive sysﬁem configuration including a
mot or / gendFg¥S. daRick A homptic rgpresspigtignyelfnAltetpatspreferrehankodiErent or ni ng part
of a pref gl A&LsREFBIERIYE syR&h borfHighMBos HR B! NGbisH O TOt OF / gener at or .
30 Figure 3 depicts a schematic representation of an alternate preferred
enbodi nentFigefe tain adcad of on gltdyete tenidngefospizanartod ah eljemait pisferiedic| udi ng a
ot or/ GGNGLAL Phe Fli @S hufnf EhiloliaBleAf al ternate tensi oner formi ng
part of "an"alternate pre erred °acces ory bélt drive systemincluding a
not o6/ geneFigter7. is @ dé@il 03 A0 3830 OnsBnANrAORGaki cfuh elténaepiefetheda schemati c
representation %} an alter.n t(g gref er/red anoodi ment of an accessory belt
drive sySTeSTAT% B ARQYR SYSTEBHRF RGNS AR 8 Sr / generator. Figure 6 is a

detai|l of @purld8hbRick difnmh 6NEdonfr@lsiinabpaart of an alternate preferred
accessory belt drive systemincluding a notor/generator.. 5 Figure 7 is a
detai | of Bigur% dapirst 22repthef asidlationieAsipR oYsa fachoamaf an acesssray belpr ef err ed
accessorgy herfl bl ¥fechM ecﬁhrfﬂ-a l i DGat8a BRtighd9enerator. Figure 8 is a

bl ock didgg\;]?g}bns]%? a p%:nt fogl S g‘%é)llf’gg;gat?l.. Fi glure1 9 depicts a graph of

i nst1@l | at i Biguteeisdepietsovmapheeidhl] bbpd pengfating nwde tansion pvéreath span pl/e syst em as
affected_ b anpi of oci a tensioner - 10 Figure. 10 depicts a graph
of full ¥ 3é%fgsgoer}lﬁ)|8§g§rl“rlleg§'r§rtt%gleasta{éfeﬁcgelddbﬁ d(%\r/n r egeogc? ﬁsogﬁlée%l{%r*smngrh accessory belt
dri ve systRigues] ladepreateglaptyofdamgrigmpdefteraiphovendaeH spaard anacessofyi gure 11

depicts raph of starti de. tepsi on over .each span of an accessory
bel't drib\%%?i'lgf%sltﬁ‘%gs eF@Etgt@gDa‘B?/mﬂﬁ F‘?‘Fdatf)‘%/teﬁ%%%i ated tensioner. 15 7 WO
03/038309 0 2 MAY 2006 Detail ed description of the Preferred Enbodi nents
A preferred enbodi ment of an accessory belt drive system 10 is depicted

in Fi%gure 1. It includes notor/generator 12, notor/generator pulley 14,
t ensi oner 26, tensioner



pul |l ey 28, power steering punp pulley 18, water punp pulley 20, air
conditioning 5 conpressor pulley 22, crankshaft pulley 24, idler puIIey
16, and‘gomer transm ssion belt 30. The portion of power tﬂdh$ﬁ“%§

belt 30 WRAP'MWPd ot herwi se obscure tensioner 26 is broken awnay. |Ie
specific accessory pul |l eys | n a speC| f| c geonetri cal arrangenent are
depicted, it should Dstapled despriniion of thePrefeiged Bwbadimenigyvent i on applies to

vari ous nurm%&éfmé@elﬁmnﬁmsaaﬁdcega&y%uﬁ%@%% §6 1 cRAHFightec 2l

arrangenents, including both serpentine and ron-serpentine
confi gur at |Ib1mslud€ﬁerpeﬁ‘?dg¢1§raj‘prdﬁ, mplol/gagtaterrpullghn é4, temmdnene, &nsionerdepi ct ed

i's serpe of.dinarily be of

t he v-ri e %%g%&i-%%g‘\?%rpu {‘}Pﬁgﬁ&n@zﬁ? ﬁ‘%gRB@ V%ggtc?%elgonmgc h the

i ncl usi orompreasdr phBéy 22, yp@kshaft pulldyeds, idﬂd’ilp&lld}em,(hhﬂ powed ttadsisiobe vi ewed
as one p o] 15be|t/ ulleys i.n.an accessory belt dri esstemhaving
mul ti pl elbaﬁsp el'H‘émQPPB&P PSQBSSKB'&F%{ME%}&W ‘?ﬁ@l‘F’é‘éﬁ %Iecti on of

bel t tra\(é—t,qs]d;llgfzglgbm{eﬂabva operation in both generate and start nodes. To

nove downstream al ong the path trained by power transm ssion belt 30,
is to nove Whilegeecifimaccerspryauilens g suseific sepmytical anla@gma@pstream isto

nove in ?g@ﬁ%ﬁg?%} puﬂ% fe@&%ﬁﬁ th@ %srta.ni El@ﬁrﬁ*on %grl glh&ﬁ(ﬁhhlgg}s of torque

at not or at cran rever ses
deper@i ngndlpmmbinhhlonmdecqcfssoupsamﬂtgemnetdtalauamnngs belttdmgrhoﬂle system 10,
as indicated t.he arro | ahel e taart",.and " te".., at each
ey 1 dopRamant Aon bRt B opt, 48 Hndiniben BBREERYY o hart pul 1 ey
24 suppl Ic@ﬁﬁ@lrhtl(dfde‘pidﬁ@l it edrfietine. Phus, Sowed irhhsiikdien Bélfmhe&ﬂ@r pul l ey 22,

wat er punp_pu Qwer, steering punp 25 pulley 18, and
mot or / geﬁé@‘ﬁ?@b’?’ﬁlﬁ’f Pisybbed s e vERE. F IRMEREeR eAndidraclipgchith e

consunpt i;Rludidn bpumsel ds€ Yusker ARM d&ﬁ@@dmmaatﬂelﬁém%&s ohé 19&,nofbe seen
that the s t hat woul d exi st between crankshaft %4 and

ot or%gewéft@eaﬁyspmaneyceiwry brit drfve systerp bayipgau Kipde berlm; dI er pulley 16, is
the span thﬁ*fxi%\{/'lzﬁ)%lehhﬁe&{ E&%f” ihFORLs e Bl BDelttadel dﬁlﬂﬂgnoﬁm s is the

gener at e- sl ack-si de span In start node, notor/genérator pulley 14
supplies oep)letatldn invbatly gemprajeend s:artamk@dsaffb mqmldbwyls@hm, along 8wmpdibt i oni ng

conpr ess grr upe%l a/ r%)wzeﬁ gal\{\%lgsrlopruﬁgo pg 0 va ’ﬂleasggnep (911\',\8%{1011 b%ﬁg'r neq punp

pul I ey 18°cons riving rgque, Wth g oY consunp >t on idler
pul | ey lércundvé epsseaned topnbealythe 8ppdsite dmtlbeOﬁeanuaMt the span t hat

Ygul (;71.9tex:‘ 3: Tbﬁggr%ﬁelgggﬁgég%/%ne t or uI I ey 4 and sha iuﬂgy pynp pul | ey

reverses depending upon the mode of operatlon of accessory belt drive system 10, as
indicated by the arrows labeled “start” and “generate”, at each pulley 14 and 24,
respectively. In the generate mode, crankshaft pulley 24 supplies all driving torque.
Air conditioning compressor pulley 22, water pump pulley 20, power steering pump

25 pulley 18, and motor/generator pulley 14 consume the driving torque, with minor
consumption by idler pulley 16 and tensioner pulley 28. It can be seen that the span
that would exist between crankshaft pulley 24 and motor/generator pulley 14, but for
the presence of idler pulley 16, is the span that carries the least tension during this
mode. This is the generate-slack-side span A/B.

30 In start mode, motor/generator pulley 14 supplies all driving torque. Crankshaft

ey 24, air conditioning compr: pulley 22, water pump pulley 20, and power
steering pump pulley 18 consume the driving torque, with minor consumption by idler
pulley 16 and tensioner pulley 28. It can be seen that the span that would exist

between motor/generator pulley 14, and steering pump pulley 18, but for the presence



of idler pulley 16, is the span that carries the | east tension during
this node. This is the start-slack-side span C/D. Cenerally and

regardl ess_of node of operation, if it were assunmed that eaclf PB”AW?

pul l eys i QP8P to rotate freely, tension on every span woul d be p%e
same and at 5 static tension. Static tension is the result of the force
appl i ed t of poranlley dpsaihsspaorihatisairies 36 1¢nast tensien durong thig mpdes Tlanisi oner
pul l ey 28 i 0 O thean the di stance power transm ssion belt 30 is
forced toﬂ%eregg%PﬂgbglgtL%ﬁqlé}gf the pulleys. This corresponds to the

i nst al | at i onGemeralt andnggardiesiofmodhefnpetatios,)if itevard sssimedsthatasdrotitheed Wi t h

the tensioner . | ace and .providing tension to e stem ., However,
when tor qt?gﬁ?%s lf)g]il‘ﬁ‘ﬁgdgtﬁﬁ%ﬁeg%eliﬁe%%‘ YR Snea™ W“{dﬁ’é t@%?af”(?lﬁ‘gd pul I eys, of
t he aceessotiy helon. Stdtiétensivntichr fdult SHBE f@se aphedd pfverGRRESRIon bel t
drive system_ 10 is operating, the tension in each span is nodified. In

( . P .
the converfltdRay tensiqgert e Enfiprse Pullivaikieriing tojanglesp thedigfarpe power
gener at e- i glhisSibA Belt SPRTolCedi8RRVLIES ol S oq‘rme?lﬁgyé. Offii&rdGfndstot Ne Span
with the greatest tension, 15 respectively. At each span upstream of
gener at e- tthgyinstaatiha o setfingGensiemwherthe pistem duwetrassendisdniigsthotengiehar 30 i s
reduced b . 10f r o] 1 Ng | . di.at.ely
pr ecedi ng>{¥l hie]‘l%% %};';{InI§r 8&8& grt%%gorgeté glf' g %n& P@g’ @11%, gir%ehségﬁciﬁg % %'{eB%gSP%pe{{%gst
| oad, 10n rméronsasmed by Awcaridungillyys, bfthe hevegposy belt diversgstae 10, sudleassi on, due

to | oad, ornmal |y appears, when going fromstart-slack-side span CDto
gener at e- ﬂ%&@%?%&ssggg’eéﬂgﬁe Wﬁ% #On‘gf’ﬂ%ra%ﬁllfrf??sb%df’ e%[’i‘é@%"s‘f)r y v-ribbed
belt drivensdit®m the fundanmental design considerations are: 1) belt
wi dth (commonply denoted by nunber of ribs) and type selection related to
torque anti c?‘b%‘? sepveptiong! QugspeTrie dnodprranksbafiley 2 gnd goneratestighgside ensj on
sel ecti on ¢,0n B&uPRiR\hd BfingBiqadat & @RSHEn Rith MR grtd¥&t RALibn,0r conponents
of the 25 Systemto the point of reducing the useful life of either bel ow
an accHpt apsnectivelym Arrgch spsovpsticnn of gerrratodiightesidgsper BpteaiPreuponi ppage
begins. F . j i f elt life.
A 0, "t hers e tansiision SR30A0R AN D nAFHEFS At B ERL TR Alley
consi der atimpmsliatély presdingithe gpaml Mabor/gemeratoe peBsyotdpresehts tidrgreatessy st em
designer i,s.10 optimze,hoth of 30 e consideratiqn in light of
cost “and JBihiR B RSN A8 En s e 1stst PRSP EDILARREN-I Bk e ough
mani pul at immimelly fppeyrs gdengbing fromrschringlick-didd span ICAD®Ed gdnsratekdkoimsideo t hose of
or di nﬁf skill in the art. Anong these is arrangenent of the driving and
drive %ulﬁpéﬂ‘/ rased upon inertial or other torque each presents. 9

In the conventional accessory v-ribbed belt drive system, the fundamental design

considerations are: 1) belt width (commonly denoted by number of ribs) and type
selection related to torque anticipated to be supplied and consumed; and, 2) static
tension selection to be below that which stresses either the belt or components of the
25 system to the point of reducing the useful life of either below an acceptable term and
above the point where unacceptable slippage begins. Further, belt type and width
selection affects useful belt life. Also, there is interplay between these two
fundamental design considerations.
A constant goal for the accessory belt drive system designer is to optimize both of .
30 these considerations, in light of cost and complexity concerns. Optimization is
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 présents.



0 2 MAY 2006 WO 031038309 Drive systens that include a not or¢%egzgat or

present new and difficult limtations and heretofore have aflfu 2006

practi caWOpYe3§3%Pati on. The root of the difficulties lies in the fact

that the pulleys, which supply the driving torque and present the

great est | dudve sastdmisﬂmiﬂchidehmicﬂprégeaﬂetodptfeﬁ@m e addar)ffﬁdimgnita;ﬁom node of

operatio Fur.t r,5 inert nted t han

nor mal | y*SHESTR oé? %ﬂ’e aﬂgg d@&ﬁ%ﬁt hﬁ‘éﬁaﬁ qylée f°§€%‘f‘8 &_ﬁﬁtfeﬁ ®$¥art node,

rmt or/ gemerf@dtmatil&]ﬁmpyﬂ wschtstigplyl e \driRhgt toigael end f@%lt Ble@réatedtakad si de span
|sthes with th test tension, Unlike the nerate node,

cranksha?"t BEiha E?r%aﬁ‘?"é‘g@%ﬂg aprReing wnopdugde|of gperafion ckyrder, laggss | ar gest

tension. LAl irgieSBhdsthe pﬁb&téd%dn%ﬁnauﬁe&esﬁﬂﬁ%a u9§9&{v@£t€on§1| BRK-si de span
A/ B and generate-tight- side span G can be seen, a layout that

opti m ze8&stom-t he generate node is subst antially di ffer ent froma | ayout
that optim ﬁgg e eferred
enbodi nment IH é%%:ﬁagégﬁ(%&% %F }%—E‘ﬁ) I?yﬁgaﬁg%lgtt&anot@%%}sagerSllgé{d is the
optim zatlde)spanh% isdre slpsm wdxhithe\@chtdshtenmgdn Hﬂlﬂkeahﬂgélrﬁzraiampdd‘,lg factors
applied to nsi o er antitative._ an Si,s ,of he effects of

sever al 8‘§ﬂ%ﬁiﬁ§ ﬂ CEE ﬁiri(lf\é %%%ufheé?lﬁf’ I9S108 Figure 1 with
al | 1conpipRediial, dat ftgoad)esm&n gbﬁ&ét@-@laﬂﬂ-sid@kﬁarﬁ&m dhdiRhétreBighiype and
nunber of ribs, and in the same sequence, was anal ézed Three different

t ensi onefide pRANAE+ A8 can beseen.adryounibal ontisnizes in the geagialemodei® t ensi oner di d

not i ncl wdRdammp &gfere%ﬁomaaﬁﬁm%p%ﬁmfexrﬂ%@tﬁ%&d@ with a 20% danpi ng
factor. The third was asymetTrically danped wth an 80% danpi ng factor

in the bel tmedempﬁ@ledpplet@d p@#@d@@c@@%@aﬁp&m@ed arcth@pnoruart t he belt
tighteni TRen qg,[m| both start
and geng%a Esrr?o?gkéaﬁbﬂ ess‘}%gf}ﬂ ?‘%{ ﬁlg\é%:ﬂﬁ Fdecel erati on
| oadd5wedempmigdactors applieddc Gusdnea @ Ascmdnmamm am’abraislojit}fe@ffeﬁacﬁl of the

threetensm?r char cterlstl a g 5 V\ﬁt rod;

i nst al | af?'6H 8’&‘?81“&*? ‘i‘—‘?eél)’faép °‘P‘§ st IR PR OJeRdr 408 de with full
| oad r equbmpsehdnys Helrp tH®Said, gﬁnﬂfn@tb@l’t 30 ok grheofli@pe aitichungeBbiLS, i N t he
start nod 1‘5 ure 11. Durin the not or / enerator Frow des torque
to drive PR Bp SR sqguprces & hfferantdens %&?PWCWP YSphe hi gh

whi | e t heyekeasplied fo 1he laIyB@t r@i@&éﬂ%ioﬂ& &@ﬂﬂﬁnméé dRiRd ORI \aﬁsldéﬁiph‘d| ow. The
difference in the tltg ':?QS)Jans B and A, and sl ack spans, D, and
&S0

C, i 0t hevemegielly ¥ dampipgsfagteh sThsrthirg) “@hesmwc%lﬁéiﬂ@p@dauses t he
bel t in thask sodBampa &9 lﬁgmg 8LIE R osehiHgSdifRXtidiParid 3096 Barkifing fABtobe! t

accunul ates on start- S .
in the belt tightening dll‘CCthl‘l The damping factors were the same for both start and

generate modes. All accessory loads and acceleration/deceleration loads were taken
into account and used consistently for each of the three tensioner characteristics.

‘25  Results were produced for installation tension, Figure 9, tensions in the generate mode
with full load required by the motor/generator, Figure 10, and tensions in the start
mode, Figure 11.

During start, the motor/generator provides torque to drive the crank. Belt tensions
in span B and span A will be high while the tensions in the remaining spans will be
30 relatively low. The difference in the tight spans, B and A, and slack spans, G, F, E, D,
and C, is the effective tension. The tension in the tight spans causes the belt in these
two spans to stretch. This extra portion of the belt accumulates on start-slack-side
span C/D resulting in tensioner pulley 28 moving toward belt 30. Where the

characteristics of tensioner 26 include damping, the bias to pulley 28 will be lessened

10



span C/' D resul ti ng in tensioner pulley 28 noving toward belt 30. Were
the characteristics of tensioner 26 include danping, the bia@ u y
28 will b¥OBLNRd 10 WD 03/ 038309 0 2 MAY 2006 and thus the teﬂé?o'wﬂﬁn
span D wl| then be | essened because of the danping. From a slip

t hr eshol dangriapstbe tengipn & spap /R ¢/l thiee be lepspnedhbecpusif theglapipingi Fram si de,

span B, ahd;, tdfdid Shiss; 10110 fe fmm'e - LArkdn r Wi t hout
belt slip aH)d to opera £y élgsg%{fﬁg g’ct{?%rfl y |n&‘31tella%sfi% ﬁt;sﬂeb sahgkg&eagt ed to
encount er é@bkbj%easpa?@rt@trhlﬁlsgﬁbb«t starting ;pequ@ vsiyrs)uehqlth dipendépoetated in figure
11. Figurg,. i.scloses the tension found in each span L..Nng generate
node W t hgafll%ﬁaftonfyo%%ﬁg%ﬁaeurog ng ﬁa%%é) Fation r?nn(g’;pef?ﬁ'ing bgﬁé‘?%‘&i on, the
span t&nssystem, arecdepictedtin€iga@me. for each of the |evels of danping. Note

that the tension drop across the tor/generator is the difference
bet ween the f?éﬂ%il@ﬂw@ﬁseé ﬂ&ﬁe@l%ﬁaufgﬁaﬁa%, S5y durtaeigsnsials mads Wb fol

respect i VRhY genérfloflioBBraBorf! 0@ ir3fthi® SerMMion 18 4pch BndbRGkONEHe AR Setting
tension required for system 10 to perform satisfactorily, with each

t ensi oner fopgachpfihenlgvalnef daaping: Notecthatdbroteasion frppactosathet he  setting
tension r Exg{b&/rgg%gitg{%%ﬁs&i%‘é?teﬁ& Hofleln ﬂletté{&?démgﬁ' ani® aﬁl?%'aﬂ% grongn- danped

characteristi a tensioner ving the symretrically
danped0 15amshii5aN trespiestiviely, yldi@la dipp ef 7@t h a tensi oner 26 having the
asymetri g:aIPJi gl gggl%s Scipasre@tct eristic is 01I3 é}l.ml btcaeprfbe seen fromthese
quantitative Ra ySes Tt *ThE 44 d trlqu% 3¥nﬁ| r%g 8" ¥ ®nsi oner 26

si gni f i casutisfactoeithy &dth catteteadimien?6 ddmpignctiagattdriztié indlélyd. rotathactiet 0 be set

by , tensioner 26. This translates t.g inproved Life for helt 10 and all
ot her conffSHEIERsIon equiEe !°¥ Syé'tePPe‘i’ "Bﬁ’r"a‘g&‘%’r‘% gék"’“‘%‘?%?@ﬂ’i“?@‘“ﬁémi n '
const ant . cHafackdiRtialstazo N tvites teﬁslftﬁi_em Kavﬁﬁg&h@@nnﬁ_@tﬁbﬂryﬁfanﬁ@d\ choose to

t ake advant age of the danped tensioner characteristic to nodify the

vari od3 cehpRstaiste sgB 13N ape iith @ tensiopad dgdaving dhecasymmsfricglly dampsdor  any of

t he ot her  CoMRARENSs13h this first preferred embodi nent, tensioner 26
conprises tensioner. pulley 28, 25 tensioner arm 32, washer 34, first

pi vot bushi Aycadde seamizoro tlease prasbtaBB analysesdhaidghe afidatisined dempiag 98, spring 50

521 nel ug Ry He S k8 afs BRSnRERQR erd i ¥l P RG pERBL 0T, | O
60, secontnpibret26bThisitragsld@s topimpotved hfeffor Wt JiOranidiadli otiger dempinengs,sfioe
f‘ gﬁts |m§ ts e?l? %%Legé]aganelagrs%?gysétle%i ldr rrél%al%sc%relsqyﬂt? ?n ﬁ'l%laﬁ%ﬁlg@v%b{he%el?gysgg%e parts of
designer can choose to take advantage of the damped tensioner characteristic to
modify the various components of system 10 to reduce the cost of belt 10 or any of
the other components.
In this first preferred embodiment, tensioner 26 comprises tensioner pulley 28,
25 tensioner arm 32, washer 34, first pivot bushing 36, tensioner base 38 including
damping race 48, spring 50 inclﬁding first spring tang 56 and second spring tang 58,
damping insert 52 including damping shoe 46, damping shoe wall 54, and tang
receiver 60, second pivot bushing 40, pivot shaft 42 including damping shoe abutment
62, and end cap 44. The assembled relationships of the parts of tensionser 26 are
30 obvious from Figure 2. However, to amplify, spring 50 fits within tensioner base 38
with first spring tang 56 attached thereto (not depicted). Second spring tang 58 rests
within tang receiver 60 of damping insert 52. Tensioner arm 32 has a fixed

relationship to pivot shaft 42. Upon rotation of tensioner arm 32 in relation to

tensioner base 38, torsion is communicated to spring 50 by rotation of pivot shaft 42

11



30 obvious fromFigure 2. However, to amplify, spring 50 fits within
tensi oner base 38 wth first spring tang 56 attached theret ﬂé)?&&

depi ct ed) WOSBA3IBWISpring tang 58 rests wthin tang receiver 2006
danmping insert 52. Tensioner arm 32 has a fixed relationship to pivot
shaft 42. rddaing dafipaigi shoe sutin€iB206Eh ai¥1d3diping shet diallGA. 8is, n@kva] oner
base 38, torsion iIs cgg’rruni cated to spring 50 by rotatjon of pivot shaft
42 11 WO GHPEIE9HED 05 IS 5ET P ot T AT SRR ISHERS M & theAdMof62 whi ch
abut's danpinggeceieec0'ald seddhd shRhg taniz 381 Whd distaff@UREFecd dafipBld @Be A1 danpi ng
insert 52, which acts upon sprin 0 at the junction of  tang receiver 60
and second4apt ﬁlari’@f’l’@gaﬁtj’e%‘}mmﬁ@?d%@!mth%@mmé’nt thaftfi2ig thetpgianamal | 54 and
danpi ng s ' . ' he

pri rrar;g) SQl eter %\E ﬁgiti% Sg‘??’mteﬁg%g?/%ﬁ@%’ g %&J %}gfr]r%?llﬁe\éﬁtg? ég@%ﬂgmg% Slioﬁé%i nterface
of danpi ngvithidempihg racei 48h Therimgegs tacdistde radialy, dregeeatérsvilllbeshedi st ance

radially, the gre r.-wll b he mret ry .of the danpi.ng,. As.depicted,
t ensi oner 226"} ‘%Iﬁge %ﬁ%'ﬂ%{n%? h‘gm?tafg?%?mw- t%éthegiés@&?ri@ngifarc%ﬂ on and
the 30% dabsgnibaairedtionand e 3000 BdrkihdRictdt inahié tifitewihg aiectionlof bite above
guantitative analyses. 10 For the configuration depicted in figure 2,
when al | 0\%313890‘@&%{“?"?’6‘@ Palysefmer transni ssion bel t 30, spring 50

rel axqg. | n gkl cohfpShittdepRitld BYipeR ZS%HE’l%ﬁd%ﬂadb)é' coh8#fidh Qppswdr m 32
revol ves about pivot shaft 42 in the cfockw se and tensioni di rection
i ndi cat ed tiapsuppgen kelt130, Spmg reloxesn e b tengtonerpuliey B8 deppoirtad bghoe

abut nment | . I | st | race 48. At
fhe sane 10 RIPR BORDAR s 211 R RARNRR! apl Rl 2°°

geonet ri calirectehandicatahinFigire 1d8pymgs) iabombidatiorcRitkhviabpisigsieeng shoe wal |
54 causes danpi ng shoe 46 to % cl ockwi. se . agai nst [ race 48,
SivEng. r: SBOTnLEh G dampind sPhe 56 to PSS EEART ATPIRE FacE n Pt AAETE
subtrast ftn@Mmbe RBckviRe nd@ioh RdEonfigiRGHOWIRL the gedB¥riddl ralRfibisafp ¢f0 power
transm ssion pelt 30. However, the clockw se npvenent and rel ati onship of
danpi ng 2012EBREFBHMCBLOAW tth deaRPE ARpeill|o45auses drEPIng shasstfel? RNE nat i ng
force of SRNRRwAL aplind damhFiag r4t8 48 TR g ritd 8 adRMRIMlibE t TR ddnpingessened
when tensioner pulley 28 revolves in the tensioni ng direction.” When the
condi t i on foetionaonds te subiraet framm die binsing tise tensiprerpuile3§ aprdies fupgwey 28 to
revol ve i . ' | | ] ,ded by
spring 50%%%@841%&2{)%&;%% vggtlgﬁvﬁé) Q%Ckglzssglyﬁe%%@gg@n%grrel Pgﬁso%gﬁidgﬁlgi}%danpi ng
shoe dfut rabntmegR62with dataprpg mallSH oendimll¢ssévithe erating forcncfi shas 46 Witk nat i ng

force of SIQC%G484 \lll\g,ttl'pe &a%%)eingd' giction is lessened when tensioner pulley 28 revolves in

the tensi;)ning direction.
When the condition of power transmission belt 30 forces tensioner pulley 28 to
revolve in the loosening direction, by overcoming the force provided by spring 50, the
25  counterclockwise movement and relationship of damping shoe abutment 62 with
damping shoe wall 54 tend to increase the mating force of shoe 46 with race 48.
Thus, damping friction is increased when tensioning pulley 28 revolves in the
loosening direction. The damping friction tends to add to the biasing that tensioner
pulley 28 applies to power transmission belt 30. Accordingly, tensioner 26 is both
30 asymmetrically biased and damped.
Another preferred embodiment is depicted in Figures 3 and 4. Tensioner 126
includes main pivot 140, damper pivot 142, damper arm 144, damper shoe 146,
damper race 148, biasing spring 150, ratchet teeth 152, pawl 154, pawl pivot 156,

plhimger 158, solenoid 160, and conductors 162. Tensioner pulley 28, damper race
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Thus, danping friction is increased when tensioning pulley 28 revolves in
the | oosening direction. The danping friction tends to add to the

bi asi ng ioner pulley 28 applies to power transm ssfgn I 0.
Accor di ng{@ﬁ égg@l oner 26 is both 30 asymmetricall y bi ased a(rzldMB?r@g@

Anot her pr fer ment i s ed.in Fl Wres and 4. Tensioner
126 i ncﬂf}g’ergtc t‘?‘Fﬂg?&o 123118 SPT, ﬂgﬁ BWB} lele d‘éerﬂQPO%?drﬁyl44 danper
shoe 146, tensihacifeimé 86E Bidéng Hrias il 5 iSis phodmitbnt, (94 §B& ol eBkIRr 152, pawl
154, pawl pjvot 156, . plunger 158, solenoid 160, and conductors 162.

Tensi onerepianf wgmbers, @alﬁﬁl@g e}aafe@erlczowmat@m@m can hpnsmplopsl 148,
ratchet tmehly s%@i%g 156 384 R%isREdsBer piffey 860, TRd n@faYé)ﬁmt%ﬁé)lg @f Bgsupport ed

by tensioner frafe 164. Biasing spring 150 thls e |rrent Is a
st eel Scoiand ra@histieethrlégiard disemgageddrs dspictedic| udi ng el astoneric or pneurrati c

menbers, ca Bi asin ring. 1 ts it as t i oner

pul | ey 28 ﬁ’hgfﬁ]zoqg% C%Pdltlg{])?,o pé\%ﬁlsﬁfg%l %glﬁgﬁ’rsi’{lg%é?b xS Sﬁﬂiw are

di sengagetistaraed stapheat igchiasiifespriag 1 #0wedenthes Olidhui, mmSioﬁem\l‘ley 28 ransmi ssi on
belt 30, spring, 150 caus di st d spanned by bi asjng spring 150
to | engt B8 Oﬁle& by Eﬁ’ﬁmn?ﬁ@?f’o@@m‘f‘eﬁ a‘gf’“gg’ams‘ﬂb?}g% é‘ﬁth ﬁl“kﬁ%?ﬁ'ﬁ]«;r frame
164 1 evolt¥esonapQiifecidH idivate@in ﬂg«ﬁe BN BldsiRg @ﬂuﬁcgkyso&eu@l damp@ra&h QM ng

di rectl on indicated in Figure 4. Biasin ring 150 causes danper arm 144

10 t dOpr e BregudAzener ginsd 48 2gaing SRS Ta85 %r t the samepme ghe glgegkvdste tine,
the cl ockyhf in %ﬁ]ﬁﬂ:‘i‘loh RithQRd 4RfeirRM b fidhshiPr aRAEL 6 vidd dJngJelat i onship of

mai n pivot wth danper pivot causes danper race 148 to nove cl ockw se
under darmeet calsoeday®r rage ity moveelockwise unkdendamperfshoect46 giviighise danpi ng

friction tB%’&QxaBﬁag ARG gL pﬁ&ﬁ’ﬁ%ﬁ‘c%ggke%ﬁ%to%uﬁna%ﬁ Fﬂﬁﬁﬂft&@% gt L ey 28

applies to transm’ss Se 15 novenent
and rel attemmmlm mllef 2Biapdies tdﬁcﬁweamdnshﬂ&onttehdm tlowesaethetcloekwiat i ng force

Cens i Bner P, a3 Pab B RTE R 1ehant ERROR s At Mecbrh ©fhan the

condi t i orshoé 145om&1|i rdce an& NTIas) e ddrpihg Bltib0IsteSered Wich Bdkioper pullyy 28 t 0
revol ve | ® | goseni ng direction, by overcom ng the force provided by
bi asi ng 2 @Y?Sﬁaﬂﬁﬁlmw d5EHR%er ¢l ockwi se novenment and rel ati onshi p of

mai n and danpeh iR d6alFiod dPpsng u&ﬁs%ngsmd)ehgoIf&@ésetaﬁseoﬂehﬁnr@tzlsw force of
shoe 146 with race 148. Thus, danping friction is increased when

t ensi oni F§VYYR pdhe pgsquangciinpation, by e¥racomipsba forge Povided by Biesinghe danpi ng
friction &e06950, MADdnfeRISRF iR infvEMont bhPlel &BRHI P BEHaiRYha BYmpS

pivots 140 and 142 tend to increase the mating force of shoe 146 with race 148. Thus,
damping friction is increased when tensioning pulley 28 revolves in the loosening
direction. The damping friction tends to add to the biasing that tensioner pulley 28
applies to power transmission belt 30. Without ratchet teeth 152, pawl 154, pawl
25  pivot 156, plunger 158, solenoid 160, and conductors 162, tensioner 126 is an
asymmetrically damped tensioner. The addition of the components creates additional
expense and complexity but allows additional optimization of system 10, in the form
of reduced initial setting tensions by tensioner 126.
When accessory belt drive system 10 is to be operated in the generate mode, mode
30 sensor 66 (Figure 8) senses the presence of the generate mode. The mode sensor can
be a separate electrical switch or relay operated anytime the motor/generator 12
receives electrical power to begin to drive accessory belt drive system 10, or can be
part of an automotive ignition switch. Mode sensor 66 is commonly found within a

controller for the motor/generator. The signal that is produced by mode sensor 66 is
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applies to power transm ssion belt 30. Wthout ratchet teeth i52, paw
154, pawl 25 pivot 156, plunger 158, solenoid 160, and cq@hpludAYorpg(pL62,

t ensi oné’YOﬂ@D&r"? an asymmetrically danped tensioner. The additi onﬁlof t he
conmponents creates additiogpal . expense and conplexity but allows

addr ti oS PRTD R TG0 PO <Y EFTS 2 ArelY R FBTRR HRURTOERE ni tial
setting hesghARad ikt aRSIPREBIe 2@ aciSN7 A COR I MhtdS thisdniEpagy St em 10 i's
to be operated in the generate node, node 30 sensor 66 igure 8) senses
t he pres¥rd@ssasfatadmompeneniameodssensor Gt signal #E0cseas bF, andactubler A srepar at e

el ectri Clowhithy!ibler ofchaty SRS ROt AMULITT0 BRI geNer at or 12

recei ves el ectrical power"to begin to drive accesSory belt drive system
10, & cembdgéemerparompisessvlaioidolift having piumiged 018 adiconductdvbd€2.sWhdor 66 i s
comonl y_.f ou ithin.a controller for the nmotor/generator. The signal
that is %‘}Sd)&%}g%%g th%%lagntscgﬂtfgﬂpiaéeé “f%ogffcgbagsg%gwoﬁ’ BIORRRY™>006 passed
t 0 si gnainducaa®ss aiechdhicalfiyaiuliaand pneaméaid, isfpinyls Odensdre Girédegddhs, @hd CUi ts to
process the signal and make it conpatible with actuator 70. The el enents
of this &HHRIF 25219 en¥is¥nedsoci at ed conmponents, node sensor 66, signal
processor €§e Sl?‘ﬁ&i 18 SE 1@ 60/ pRERd visRBMicYs 1d20501biPTd BatidoSKI 11 1 n
the art. Actuafor 70, of this preferred 5 enbodi nent, conprises solenoid
160, 1havihagigpilipygaisingpiimgeat] o erdsimg oawl 168 20 rapge pboutphvkpiyeelrerte ed

enbodi ne -ael ] [ S, cessors,
and act i 8PRToEEBRE ReyPRLORLRELI LG5 WRAL & o BRRRN S e e Or e

pr oc essolosking fegtor gensiarieo psller2d ah sacleniiths endohing Areciogbat ist 0 sol enoi d
160 is pas&ed Vi an%g’g 8tors .162.,[ | enoi d.160 reacts to 10 the signal
by raisi R HPhgE O Y g Ao FERE T ¢ at e about pawl pi vot 156
to the poiThe effageingmifpgwpesd willbétethiiENhé1as hsibndra@bwhHidR in MiEN SO
configured with this | ocki nq factor, tensioner pulley 28 can ratchet in
the f2nsTERHAGPYYT SpiBfsigrbelt 3 totbspatizalongdvhigh it vgeEmedgr 8 RiMovi ng i n

t he | 0osgicB&sell bek GoSsystthe1 ERGRACRARA L ML gBiMte dRde Wakborligghyh 152 hol ds
tensioner 126, which in turn 15 restrains power transm ssion belt 30 to
t he pat htcasiomgn ggsessary eligiiversysiead dpesspt Jessen substaptialbcwhemthg miode ¢ dri ve
system 1 ' [o1=To N g IR 2 : : el ; on on
aeceasor o P DR Rl e e O Yo AR e
nmode i sbwsing sprag. 1 S0apdprerall psometiyiof tembibuend 26 Htbatdeloser tlan tift a st atic

t ensi,Qn, Vi rin : f j asl pr i Q, and ral | geonetry of

t enstane A9 W oelelihdhs Berer B BRRRG SS it AR5 peitBifince D00

her et of osweffaingiuhdliye, w t hout short term performance

When the mode switches, from generate to start, actuator 70 is deactivated,
allowing pawl 154 to disengage from ratchet teeth 154, and allowing tensioner 126 to .
return to the start mode described above.

25 The activation of actuator 70 can be based strictly upon input 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 actuator 70 remains
active for a set time after mode sensor 66 indicates that the mode has switched.
Further, an advantage may be found in deactivating actuator 70 after a set time period

30 regardless of when mode sensor 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 5. This embodiment is

the same as the prior embodiment with the exception of alternative tensioner 226,
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suffering unduly ‘When the node swi tches, fromgenerate to start,
actuator_ 70 is deactivated, allow ng pamﬁ 154 to di sengagepfy r het
teeth 15»“’%%H&§Plomnng tensioner 126 to return to the stapg ﬁgx ﬂmﬁ
described above. 25 The activation of actuator 70 can be based strictly
upon i npde lpdingmavniinepdie 828, dempie moduls 230anain piet 24/ pedrEo¥tte f ound i n
signal pPLAGAss9gs. G8ampink modile36 % demcr@a in gﬁwd&ﬁnum fidigl t 1 nto
operation of signal processor 68 such that actuator remains active
for a setDaniping medule 23beludescydindd @32, pakitered Wsbyiras tubhi23Gywabgnéties swi t ched.
Furt her, e [ /0 after a
et 11 me AP ORlRHE, A0k o AR 125 BRSPS o
switch. FRiylinder232 am@lbywemtsnbe 28®are ¢idlnd wﬁlnsl&obtgguahﬂuld 2p3.mn thengl ne mani fol d

pressure, t orque upon

ot or / gorBPaegien ARORE A ISR iy Bfwreffieg cicelinalhe n nodes. An

al t er nat i veTgispher 726thae Fbadienentmber (d&rab%b@d) thit Pro€lésSpaing Tdd S embodi ment
is the sane as tkéwggrl or enbodi pent wit exception of alternative

t ensi onertasg and hefirtsdiasennigreahlenapmber 261 theensioning dReiNti ng pl ate 228,
danpi ng riRgitkRIo€RMise. ”@hé‘re&‘li\éﬁ’ttmaﬂ&r cchl{]&vﬁgks‘?on %‘?ﬂge{ conSfmieDanpi ng
nodul e 230 I's depicted In greater detail 1n Fig nmpi ng nodul e 230
i ncl u@es spying, erere gf3pnumbies 96¢th«23qrquwpémngrnmberzmmm@ rfawrther, itcoi | 238,
connecti ors 262. 5
Cyl i nder Qggggang%%%/vﬁgg%p?&u d grhg,:éé¥ rf%ﬂ?eg‘ym%#ﬁelﬁ%@o?%%?%aﬁ 1 uid 233.
In this Mntmu:ﬁnrmfmmveﬁhleman@ecam drbm@:ﬂﬂalmszmmmmyogl cal in

TG T AR NN AL TN e T R

t ensi oni MB4ds meeé within cylindsr282 oizlﬁctkmmerhealaglcﬁlefmldi p8Nio tramsfeefroman i ncl ude -
a tOI’SI on spri ngzpa convol te 10 spring one of a nunber. of ot her

t or qub prydBdarigl PRENS Fids? R’rﬂ%%%asto ﬂiftfry%‘ﬂ‘%ﬁr 237 pn thegther side QHBISEN | ever arm

act ed UpOFB4RYa ByphéstBBeE 2362 9Hid @ibes RISRBIcal i@ IT GRS MrEEE the Mpygnent  of
noveabl e nenber 264 around main _pivot 240 is nmechanically comunicated

t o conneciagighc edl 288> Enggpization of gasnetineralcd38ide saduatans Qéaﬂl%‘é@ssﬁéton 234
to move wpbhieRe ﬁé’lh'u?%fna%%rh%bﬁghl hgird(?.@§ aﬂ&‘ﬁ@l’e@?ﬁ&%as&l tHé Piscodidy L O
transfer from 15 cylinder 232 on one side of piston 234 to the tcylinder
232 on th@fmﬂghetprhgp@élcelfﬂlpﬂg%n 234 via bypass tube 236. This causes
t heol ggi cal i t il 238.
Ener ot St o 5h ieggat (R BEIFad AU bGIERAEnGh 2 SERE R

bypass tube 236 in a relatively unrestricted manner. Thus movement of tensioner 226

is relatively free of damping. However, as coil 238 becomes energized, the resulting
increase in viscosity of theological fluid 233 creates a restriction of the flow of
rheological fluid 233 through bypass tube 236. There is a direct relationship between
25  the intensity of the field impressed upon rheological fluid 233 and its resulting

viscosity. Depending upon the size and shape chosen for bypass tube 236, damping
can be elevated to the point of essentially locking tensioner 226 in place.

The signal path depicted in Figure 8 applies to this embodiment, as well. This
embodiment allows additional flexibility on how, when and to what degree damping

. 30  will be applied to tensioner 226. Selection of mode sensor 66 and manipulation of the

logic within signal processor 68 allows fine-tuning of tensicner 226 damping. For
instance, damping can be selected to be at a very high level, but less than that
necessary to lock tensioner 226 in place, immediately upon accessory belt drive

system 10 mode switching to generate. Tensioner 226 would accordingly be allowed
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magnetic field upon nmagnetorheol ogi cal fluid 233 and thereby increases
the viscosity of magnetorheol ogical fluid 233. 20 Wien nagnet4 Mﬁe
238 is NP OEMBBY zed, Theol ogical fluid 233 passes through @y%i@f&

236 in arelatively unrestricted manner. Thus novenent of tensioner 226

i s rel atiovespgnd toghe modeiehapizn by ashat velaxatiersinghé loogdigndirestiers Biear gi zed,

the resu I | creates a
restr i ot isn 28iet RERRE kot A0S hfreied lIGAL RGER 2B e B0 2O B8
236. Theloeation far tle deation ef the itinmahcqssdyyebe/lemvezﬁstélhéo|1sninethssth1y of the field

I npr essed heol |caI uid 233.and resultin cosity
Depend Ot = ile Moy STaREC s TiOEtE 1o Achy P bo PR bAR i ng
can ke epmyatedinf@mhiiéh RIbRprédesRE 59 @ighﬂlplrdceés@ﬁks RAnteBehONedmP26 in
pl ace. The signal path depicted in Figure 8 applies to this enmbodi nent,

as wel | . orfAckstensionsh 42 Grioaccommgdate aerassordikiidrive sxstem 19 PSCIlAIORGR, when and
to what ggak gpihgg he3Rtcid e 226. Sel ection of
node sensor 1%1201‘;% man;[ Su gt|d(§Jr%eofCt?ﬁglepggf%&\?\fl?g?r&gﬁé%al processor 68
al | ows fé¢meodimenitng of tensioner 226 danping. For instance, danping can
be sel ecte Decessary to
| ock tensi %#é@oggﬁﬁulfz?ﬁeé%, ogoQ h%ye%h?rheolf%%%ﬁz%%atggsor g%h %rive

Ssyst #in lélectmsmatic plates I(umcngeplotegmplae& MmagnbBacoiBst m@emaﬂl @emomr di ngly be

allomed 1 .03/038309 006 t ond to the hange by a
211 ght - ERRAUVTHIRS FIEHB T GHmn £ A PeCEPEIE FHORTGIPLHeATBy | of per | od,
the darmadsgnlfearplézamm@ﬁmﬂemtcambﬂﬁhg to@INEH IR 1 52 28wl D54, pRmgeni 58] ocat i on
for the duration of the tinme accessory belt drive sy stem 10 is in the

start  ninoidli0and condygtoss &%@abe%owﬁt@énmﬁmsewr%&%h@f ZWEi vity or
posi ti onypih 1%%56:9&8%&1&%@:11@?@6& ahmﬁmgftﬂe%mgﬁaﬂag%r%@%§sed by si gnal

processor 68 to intelligently danp or lock tensioner 226 to accommodat e
accedSor statwiaty mannge system 10 oscillation or vibration or to mimc the

ratcheting F?éu{r%? gepgététapcﬁh&r e%? %#e@?@ tdoéa% gdul‘é 5'?6’ dizgRnt .

Rheol ogi cal can a ect ror ogl cal " I'n hature. In
such cashydralid fklﬁcbﬁ&mplaeasuheqibgtﬁﬂu(drﬁsﬂ AeqznrdmgU) magytaceil 28§ net i ¢ coi l

238. The._gener Len same. Furt her,

the rat chE ﬁ‘%&% ‘g%ﬁflc%}fs%ﬁ@ref ﬁ’? er{? nﬁlgteué BéeTl%eB%emerrl ¥ B odi ment

conpri si pgp irs&tdirhrgtm tl&a‘eﬁmd:ﬁﬂg dipevibn, by draulpd fiuiges6 kF6rced Sohmaholadvet 60 and

condyctors .162_can_be i ncor pagrated |nto t ensi 2 fixing teeth

8 B PR aH O R NS S TR TR 476 FeRRed B A gL BB EDns i o
upper portion of cylinder 232. Since major passageway 254 is relatively large,

tensioning direction of operation offers little damping. When tensioner 226 moves in
the loosening direction, hydraulic fluid 256 is forced from upper portion of cylinder
232 into minor passageway 250, into the lower portion of major passageway 254 then
25 into lower portion of cylinder 232. Minor passageway 250 is relatively small. Thus,
substantial damping occurs in this direction of operation of tensioner 226. Control
piston 252 is depicted as substantially retracted. If an actuator, similar to that
depicted in Figure 2, is included, control piston 252 can be selectively extended or
retracte‘d. The description of operation immediately above assumes control piston 252
30 to be fully retracted. If control piston 252 is fully extended, tensioner 226 can still
move in the tensioning direction with minimal damping. However, minor
passageway 250 is obstructed causing tensioner 226 to be locked against movement in

the loosening direction.
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15 stationary manner. Figure 7 depicts another enbodi nent specific to
danpi ng nodul e 230. Here, hydraulic fluid 256 repl aces rheonczgmgl ZﬁOBUi d
233. AcoWW 83/MBY magnetic coil 238, bypass tube 236, and conductors 262
are absent. In this enbodi ment, when tensioner 226 is noving in the

t ensi oni ngAdi additipnal gmbpdameat simalar tothay demeted in Figuiedds plsp ntitienddover 20
portion i P3d j , :heck ball 248
and int oﬁeu%%g%tq%ﬁ%l on d(;[ %ﬁﬁlﬁ%ﬁg}lB%@%@qéﬁg%g%gljbggg%g%ggggﬁhy 254 is
rel at i vefoyml|of tegth, that aerstiatght, g ogpoesed tol therdepfictaimmatoothed ebhifigusationt t | e

danpi ng. ,\Wen tensiqner 226 ves hNn. .the | oosening direction, hydraulic
fluid 256°Pa9S %12188?5?%}%10&55%?6 IBE)P Pl{l&#%eg*ng@y??%agpgg ggef‘%ﬁoﬂt o m nor
passafevRytcixiiflg bedohmes uhsvallahler Fitet, allihaé teath cah bpagaagawdth 254 then 25
into lower portjion of cylinder 232 Mnor passageway 250 is relatively
smal | . TWEFPO“QWSH%PHE éfgaﬁ%?nﬁhﬁga%%ﬁ’élﬁ‘%e ‘ioﬁtfflrﬂ" T dRrPiag being of operation
of tensi gfigeq Qﬁénsi&&em@bviﬂlmt%mgmgézmkﬁg 4elL pbRdofRcipst antial Iy
retracted. If ‘an actuator, simlar to that depicted in Figure 2, is

i ncl uded, J¥mping copibates withgbe foapesiserpdied by thevesiens niembgetd reult in et r act ed.
The descri Rid.98: i i f .control piston 252
30 to bl Pt Badhe R oAl R. Sk AR e BRSO CL enabas

t ensil@nensyB@ictiahbigsing Evennmhege tha dethping érryimoreitnig]. dThie ¢t duerio wietléveli ni mal

danpi ng. ver,. . mn sage 2 i s obstructed causing tensioner
256 t o bl PEckat Akl fODE AR fe ety Sabishl REmRrrais Faim o, o

03/ 03830the@amphp¥roriidd. Rarthetdlit tarOeadaidethitQdy oY orSiesisthide ddded tdake depi ct ed
in Figure 4 is. also_envisioned. The ratchet teeth 152 and the mating
teeth of %Bamw@siﬁwﬁr%%%t BEMPELSEERE o 4 tFpsionef Biamgr Fég’te_rli’latshat are
strai ght jevaisulfRiesAeliveted RandBM, SicBds aé\ﬂﬁpihg{Q_ﬁtBﬁé{ix@%ﬁécﬁkﬁf&ﬁslaon- _
Actuation then | ocks tensioner 226 in both tightening and | ooseni ng

di r edbi oﬁ!fe%loRaQVéﬁ@trFﬁﬁa%cones unavail able. Further, all these teeth can
be repl acedryyf hentGAHESPRIAA RPHPEEKERA FHolRERE aclithslishkl Ovws | ar ge
control over c?arrpl ng being offered by tensioner 226 W thout bringing
danpi ng tignifisent ppfimizatadn dfdekd-tegm aDhsheririgime perfrirmescenvhile, atibe $amreces

supplied .. i, Li.ent. . r t ina nodified biasing, at the
pul | ey/ béﬁé’ %’uﬁ é@ggglgﬁ%ﬁggﬁs f?(% éc%’ggpﬁon results in 10 asynmetri cal

bi asi ng eveThefhvep@ng Gescoptingm ang illsstratyvenapibodimeents ofhhespresentingertont he | evel

ol us B ARIE= Dieani ot AR shalert it e B Bt B oh oy

force or alt@shtpleambediagdad It shotlkd®e 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

25  any element which is not specifically disclosed herein.
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bi as provided by the resilient nmenber or spring of a tensioner that
nodifies the bias level ultimately delivered to the belt, such as

danpi ng, ratcheting or locking, is a 15 direction reversal rgsz' SMAq{nZQUB
The present invention found in the described enbodi ments acconpl i sh
significant optim zation of |long-termand short-term performance whil e,
at the sane tine, substantially mnimzing cost and conplexity. The
foregoi ng description and illustrative enbodi nents of the present
invention 20 have been shown on the drawi ngs and described in detail in
varyi nge @ixitnf i cati ons and alternative enbodi nents. It should be
under st ood, however, that the foregoing description of the invention is
exenpliary o@l Yimpasvdd t iddrmdl heofBREen Oéngifee hativignh i evankshaft 0 A€ abdetobgdaonl y
to the clainms as interpreted in view of the prior art. Mreover, the

i nventMSH/§eNeTaior aidi & BEN-dEve sysigie dnalusting m cemkshal) gulleiyarbaccsssaet Pekd: # n

the a ' FoSo: ifi j

ner er R f RYIEESSYEERnclY O Rl sEREE! i EponGr OB pet
engi nerahediahgutaaidrcaarkslivdf ullegrsagicavessanyypulley, saidtnootdiggmeraatr @ulleygaod said
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2. The improvement of claim 1, wherein:
said direction reversal resistance results from a damping factor responding to movement

of said tensioner in a direction of decreasing belt tension.

3. The improvement of claim 1, wherein:
said direction reversal resistance results from a locking factor responding to movement of

said tensioner in a direction of decreasing belt tension.
4. The improvement of claim 1, further comprising: said intermittent direction reversal

resistance application being said 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
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said direction reversal resistance results froma danping factor
responding to novenent of said tensioner in a direction of decreasing
belt tension. 3. The inprovenent of claim1, wherein: said gu;gmyiﬂm
reversal resistance results froma | ocking factor respondi ng to novernent
of said tensioner in a direction of decreasing belt tension. 4. The

i nprovenent of claiml1, further conprising: said intermttent direction
reversal resistance application being said tensioner being danped at a
first cadphsigndréemlp damptdet a deonedshpigg etie deeradionbelt teasibh diremfoanyisai d
notor/geperator is qperating in a notor node and 18 0 2 MAY 2006 said

t ensi o mB@VﬁﬁwH%ﬂﬁgﬁp?ﬁ“9§‘Eé@@ﬁﬁmﬁﬁﬁﬁ¢%g in the decreasing belt tension
direction when said notor/generator is operating in a generator node. 5.
The inmprovenent of claiml1l, further conprising: said intermttent
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claim®6, wherein: said control input is an electrical inpulse. 8 An

i nproved bel.t -.drive system.inckudi ng a crankshaft pulley, an accessory
pullefg a ﬂ@PWﬁSﬁ&%&F8EhBHrﬁ@ﬁ?‘%ngﬁ¥wgtensioner, a belt tensioner

pul ey, andapl pesittehi aiRedtiod Sedisdd @éslistankce appladtiab edthorsBhd 1k aBkwdlahput
pul l ey, said accessory pulley, said notor/generator pulley, and said
bel t t@HElRNEYM sRif Majorseeneratos Pperetiisiter pul | ey contacting said belt at
a start-slack-side span, the inprovenent conprising: said tensioner
bei ng asymmetrically biased in a direction tending to cause said power
t ransni.ssi ofhebmptovemetref ghage 6, vbersinon, sai d asymmetri cal biasing being

t hat biasin% at q.le%el tqaa.ii.nolnnre than that provided by spring
rate biasi g™ RABH BRY LT HLF SO UEPYSEet i ng upon sai d tensioner and said
tensioner pulley are | ess than necessary to overcone said spring rate
biasing and woul d thereby tend to cause said tensioner pulley to nove in
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actl ngbelt tensioner pulley said belt tensioner pulley contacting said belt at a start-slack-side span, the
improvement comprising: said tensioner being asymmetrically biased in a direction tending to
cause said power transmission belt to be under tension, said asymmetrical biasing being that
biasing at a level that is no more than that provided by spring rate biasing, when external forces
acting upon said tensioner and said tensioner pulley are less than necessary to overcome said
spring rate biasing and would thereby tend to cause said tensioner pulley to move in a increasing
belt tension direction, and that biasing that results from spring rate biasing and direction reversal
resistance intermittently applied in response to operation mode of a motor/generator in
mechanical communication with said motor/generator pulley, when said external forces acting
upon said tensioner and said tensioner pulley are greater than that necessary to overcome said

spring rate biasing and thereby tend to cause said tensioner pulley to move in a decreasing belt

tension direction.
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upon said tensioner and said tensioner pulley are greater than that
necessary to overcone said spring rate biasing and thereby g g 2% use
said tensioner pulley to nove in a decreasing belt tension At

0 2 MAY 2006 9. An inproved nethod of tensioning a belt drive systen1
having a crankshaft pulley, an accessory pulley, a notor/generator
pul l ey, a belt tensioner, a belt tensioner pulley, and a power

transm ssion belt trained about said crankshaft pulley, said accessory
pull ey, said notor/generator pulley, the inprovenent conprising: biasing
said belt ten5|oner pul |l ey upon a start-slack-side span at a first

bi asi g | eVt igprayed wr}@dtcéﬁémwg PUFlt Yive sysieihayingra srapksheft ey, ¢hi ng
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reversal resistance i ternittenth§ ap@Iied to said belt tensioner pulley
P
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in res‘ﬁBWgéequ?t?fﬁ’é‘ﬁ%it TR YE MRt 8/ generator in mechani cal
comuni cat i 94y daldl 5k tendiBHeP pAIBSNPOAL QfartPick&Yde spbh at a first biasing level when

said tensioner pulley is moving in a belt tensioning direction, and biasing said belt tensioner
pulley upon a start-slack-side span at a second biasing level when said tensioner pulley is
moving in a belt loosening direction resulting from direction reversal resistance intermittently
applied to said belt tensioner pulley in response to operation mode of a motor/generator in

mechanical communication with said motor/generator pulley.

20



