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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 devicﬂes
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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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.
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direction tending to increase tension upon the belt or in the direction tending to

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 ‘
normal 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
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rotational ation I's produced at the crankshaft of the engine "the
hi gh r ot at samrarhannienssra loekedfcenthietentianer: nat or causes it to remain rotating and

causes bhe SNl 8 Bk SR s el bRy gEhon 20 29 12
resul t t he peifirmeinelcreagediby)ingtialfisrces, caused by the rotating masses of accessories S
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
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Thi s ‘Span corresp on e span t
those patents itis dlsclosed 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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asymmetri cal I% biased in a direction tending to cause tﬁe power
ecE

t r ansi® sstbght ankghafulley dhe aceespray ghlleyp HrepRotay sl PIDon of t he

Drawi ngs JhenacaprRanyd: pans) ame@s edMdhepdles cbieqs pRIRttetai n and form part
of the specification in wiich like nunerals designate |ike parts,
i || ust r at Barpsladkesideppan. It is improved by the tensioner being asymmetrically

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 alternate 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.



enbodi nents of the present invention and together with the description,
serve to 25 explain the principles of the invention. In the draw ngs:
Figure 1 wopBossoa schematic representati on of a preferrescerdsozsizent of an
accessory belt drive system configuration including a notor/generator.

Fi gure 2 i sFanreXdpidedsohematickprasehigtion ofvaralttmateipneferpairamboflinenpr ef er r ed

accessory . belt dri stemincluding a taor/generator. 30 Figure 3

depi ot A eBRETTE RE BT ESE TP TR B on el RE AT RERT - o embodi ment  of
an accessor Yigoad 6 isdrdetst] of s biedthBomlhdigher fommg pantolf tilhlfgnate prefeqed gener at or .
Figure 4 is a dg)t&li |. of an .alt(grnate tensi(%ner formng part of an alternate
pr ef er r ed®*CSE L AV BIEYPFYdng Y LOHEFIEA Udi ng a notor/ generator. 6 WO

03/ 0383809 PEMksSOR/23RBADS alr bt Le nsikeRt finBing patbe RiltentepeRsent ati on of an
alternate preferred enbodi nent of an accessory belt drive system

conf i gur atFEEOW belt deV gy sl Be 8GR MeICHEH" % gure 6 is a detail of an

al ternate tepsionRlia fiQkBidigaRaf § cfrodiynal 2@ nate preferred accessory belt
drive systemincluding a notor/generator. 5 Figure 7 is a detail of an

al ternat e t Eiggrecheéepidtoe gaplyobiastellagen igpsion er Pt effaappEssonkessory bel t
drive sys i I 1&% . I e 8 is a block diagramof a
control s?rgr?g?&%g%ﬁgﬂ%tégu e gﬁdgg?gsgél&a{é%tregélﬁ&%f installation tension over
each dpan oFigare Hodepwtor grapedfifull ed generpfisg medatensiph evar eerhispanddnpi ng of
associ ated t i . L.qur. i . | oad generating
node tensgloar?g%\géerg%g%gﬁ&eg%giﬁ%# %ffétgedgng/gigfs@glﬁ? fggeﬁ%?l Qtﬁ?ifte\lllélwééfst em as affected
by danpi ng &iguasklodspatieadghpnet sgmnerg. mdde genson byercbaph spas oflaracaphorpf st arti ng
node tens}i) ony.Quer each fge%fégb()fdaani agﬁegs&)r ; belt drive systemas affected
by danpi ng oFVESEHER & YIS PidaRRIPE S BS AR 5558309 PCT/ USO2/ 35259

Det ai | ed description of the Preferred Enbodi nents A preferred enbodi nent of
an aCﬁ ssory belt drive system 10 is depicted in Figure 1. It includes

not or generator 12, notor/generator pulley 14, tensioner 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 pulley 16,
and power transm ssion



belt 30. The portion of power transm ssion belt 30 that would ot herw se
obscure tensioner 26 is broken away. Wil e specific accessory pulleys in a
speci fi c wemawsssdcal arrangenment are depicted, it shoul dPog/usersyynd zed
that the instant invention applies to various nunbers 10 and conbi nati ons
of accessories and gedoettedidestipon eftigeirefatred Embadingnteg bot h ser pentine and

non- ser penti ne conf.iqyrations, dependi.n pon icati.on,. The

confi gur at i pgi?ﬂegte oﬁléne g‘?ﬁ?&ﬁﬁ%ﬁ?gw bf%d%l © %&EHQ fsgdtﬁglﬁlieglsn?%%urgelt 30
woul d  or di maihtlhdeseotofgehiiatoy 17, invhetierter puenes aensionbe26, tudoddron can be
practiced with the inclusion of all belt types. Further,.this depiction
al so can Bl Mﬂ‘”%f§teﬁﬁég E)‘P%@JHB?”LTB”%%IPP lli’flﬁ > P CRIOR®Es sory bel t
drive systempRavk pagyuwht ihiendeldisy 24 h@edfullew] &,abe beder hadisdisravel

i ndi cates direction of bel t travel duri n? normal _ operation in both

gener at e &pH3et Bpe parbercef povst wnymissionhdt FEEA, Wabpherie o9 trai ned by
pover transmasl RNs BRkn Ahy. 1S to nove in the same direction as belt
travel . To nove upstreami's to nove in the opposite direction of belt
travel . 20 TWailelfneeificiapeesisty p@leriLia agpecifin gromgaival axapgensif 18y 14 and at
crankshaf = lng : 11809 €. us AREHAL | on of
accessorytdgéﬁeh’gﬁléélds%g?%%? 1%%1,&%2@} ?éﬁ%?éﬁé’?g%br{a%ﬁtlhe a?rél\ivs | abel ed "start™
and " génerad edmbiagtions ohaqoedsdriey andigeamdtirz4l arrapgeprntst ingbidipng bpth t he generate
node, crankshaft | | ey 24 ..su Les.all Y . L conditioning
conpr essofseIB?ﬂ n@ﬁ‘gﬁ?n%%?eélp n%ﬁ%glg%ﬁ%é’ydeg%@ﬂ&g%g% g}é@{é{gt}olnhgdh%urrp 25 pul l ey
18, and nebafidugeaivardapioted pudetpeytink4 Thon powe ttahenidsion/bakigdOtvoorudfie, Wi t h m nor

consunption_ by, idle ul | 6 d tensioner .pull 28.. |t . be seen that
t he sggn qu’l’é%ﬂ%gﬁP{ithg%i@gg‘béf’?/\g%weé’?raﬁﬁ%%eﬁl fﬁnﬁ’éﬁ’wfﬂceélﬁ)‘&ﬁl?rtg? or / gener at or
pul | ey 14 indwslior ¢Fall veh éypes. cBMES thif depidtien alpaitdndy vidvedias ofidarepdn t hat
carries the | east tension d%rf'égg this node. This is the

gener atte- SPHERIYR dpansirsessoip bel diyesyepmhpving WItHghelS/ gener at or pul l ey 14
suppl i es al | TigH irdiwEibd16d CBeR traferambisied direchod bfelt2dvel@ufinga@bl i oni ng

conpressor pulley 22, water punp pulley 20, and power steering punp pulley
18 consunmePeREoRii bpithgeneigieqid SeihimoH i ol ARy e 8M8r  pul ley 16
and tensi Qﬁﬁ{edﬂykb@& #Rismiskior 88}t NLisIE &dve Bathe e ERBHor ABk1 WKLD exi st
between notor/génerator pulley 14, and steeri ng ?urrp pull ey 18, but for the
presence SOADG3/PEBBBOB (PTPFUSHE PBoH dirgstionf Belt alicley 16, is the span

t hat CRri eSTﬂéq(ﬁrelcg%ﬁ 53 éﬁ)}%ﬂé hﬁﬂot%eh&gtol: Fdlﬁ:y TRARY at CRirksHaf phﬁ‘%l 24

start-slack-side s _
reverses depending upon the mode of operation 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
pulley 24, air conditioning compressor 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



General ly and regardl ess of node of operation, if it were assuned that each
of the pulleys is allowed to rotate freely, tension on every span woul d be
t he sane wWpWM3M88389 static tension. Static tension is the reswusowss2zshe force
applied to power transm ssion belt 30 by tensioner 26 via tensioner pulley
28 t endi ng idler h8RY Y bER tHeRpantth @ tarieethp asnensiohalnsing this acleb&hts i80 is forced
to travel about_all of the pulleys. This corresponds to the installation
or settirige tarslaghsidaaprniHR systemis first assenbled with the tensioner

in place angepsQYy Aid8gd:@BEiPMoldoidperativs ifdifveldawRMRE thavdieh of deque i s being
supplied 10 and consuned by the various pulleys, of the accessory belt
drive systudleysiio allewiedozatate\fisely, ensionmeyey §p3n Harld beesansydidtm 10 i s

Oper atd NGy dNgsidN WAR tiioRache RRATOA the fofRMpbli&do tpb@etttﬁﬁslﬁi@ﬁéﬁ? ntional or
generate rmée crankshaft pulley 24 and generate-fight-side span G

suppl i es hefte3Ochyi tonsinget 41 vja eensipwst pulleyRS tensing iilqnsthen deistmeera™E ensi on, 15
respectiv . f &t TR SdsHsnas RN G tension
upon pOV\t/gArr% %ggfﬁgﬁl@ggg) %Wg#"{&%%g&?gaﬁgggg@g%%‘%&she ef %eg of each torque
consum ngthpidstadlytion enveiting teasign whenchelsystym ib &irs psspmbivt pith fhgdenstmeor pul ey 14
presents th reatest.. l.oa i C r. di . .af gest

di fferenc® p?ar?gtagcg%’ioglﬁl}ngc}a%s ({ngo hS%?él“'n@‘ﬁiﬁeP@&%géﬁg‘g%x 13%1&%8!1% from

st art 46| anid-®haenedpgrthdFabotopuileyseoibeaskbmok-twitdeve gBtegpdaswiBas| n t he

conventi onal accessor -1i bbe .t driyve tem .t he fundanental design
consi der at'F*gh ea%csﬁwglb%éhveW%f“ﬁ%(%%’fﬁmgyﬁ%ieﬁ%‘f’”}ééi’ ?f‘?h ?P&Hbsgr of ribs) and
type selgetifem related to torque anticipated to be supplied and consuned,
and, 2) static tension_selection . to be below that which stresses either
the belt or leBN5eREHiAnaler %qq%tatﬁﬁméﬁ’scfaéﬁf}ia trt“ﬁ@/ %g?nr‘ijtgeﬁ‘?ra?'zlﬁﬁ%ﬁl g the usef ul
life of eifhersppli@unadidscorualdes iRrsparanih thalesestibaiinpi nt where
unaccegt abl e sli ppage begi ns. Further, belt té%ge and width selection

af f ecfls uisepagtivahe| Al each spanppsigramiof generqtestighfrside spap CHERHRROT hese t wo

f undament ?Awgﬁéhgﬁsﬁml%riﬁehﬁﬁﬁ by fheCPRsitAR chIORAbe E@kuhing paltgessory bel t
drive systemdesigner is to optimze both of 30 these considerations, in

| i ght of wosediaiply peesaging fietsyane dfrtergegeraioppillay A4Prespnts e See®dml i shed
D ouah, TRRARHLAL 90PN BETEHIS om0 SLATEL o ko (o
driving aerchally iag[marspmﬂehgymg tﬁaw@rw@k-ﬁd%@p@ﬁ @D @rgemfﬁéﬁglﬁl‘éﬁié@le each
preseggs. SP%H\MBQSI 038309 PCT/ US02/ 35259
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 presents.



Drive systens that include a notor/generator present new and difficult
limtations and heretofore have alluded practical optim zation. The root of
the di ffiwologioassodies in the fact that the pulleys, whicrCIuspt/§s26he
driving torque and present the greatest load and inertial torque are

di fferent dpgesssensURd hciidde ndtor@pedratbi esenfnemwt drdifficalt Heitations ner t i al
torque | oads are presented than nornal I.&/ gﬁ%ou t recéil.tign (ionventi onal
drive syaf gesetofere by allnded prantigel oPHBTZEloTy s FaYtof thest ﬁ'ﬂg"?si &M he driving
torque. GRIGEALhS R Afleys, LD sSRANHABriViSg tdiguesdanrastitiihd dieat@t load est tensi on.
Unli ke the generate node, crankshaft pulley 24 presents the greatest |oad.
Li kewi se,and feertiad iqyaus are aiereshdependingrupap @ode af opegaiiont Buithsaderests bet ween
gener af e-;5L a6k 3802300 pALBIRANTnISREIB Brdinghéd inSi BEvebRanl GiveAs can be
seen, a layout that optimzes in the génerate node is substantially

di fferentsyfttom a | ayout that optimizes in the start node. The | ayout of the
depi cted prgf i ] i; L Mat is not
doscri bed | 5 Fhea SR EbEREan oy PSR b R e n 15

danpi ng fsidetspas Addplthespat with dregratest tedon. Andika thei geaerpipanagpal ysi s of the
effects of ever al N ch S r ut simlar to
Figure 1 S9¥H ai'i Ru%e%gﬁﬁn%ﬁeen%ttge galﬁg%lota 'eLg(g&r{%?’ t?{%%r%e'gtl thlgsyoglel t 30 in terms of
type and ditfeiegtialafueté bad, is batelednrgetcnae-siackesidespaaidB andamentratighted. Thr ee

di fferent .t ensi gner character,istigcs re applied to the. | ayout. One
t ensi onerSidfigamGt A5fep ﬁ%eeamoﬁb.&at@?ge%g “g%ﬁﬁ%%raé%mgglerrlrsret )r/i cally with a
(210% darm}dagstmwlsaaiffeﬁzﬁﬁFm alrldyowaﬁarawgmn i tha kthyt nobeaped \(/j\,ith an ]§0%

anpi n actor _in the belt | oosenin i.rect.i on and .a_30% danpi n actor in
the belt ti ghe Barve herdemicted Aretomra G%Bﬁdd’i“ﬁ@‘ Ip g%sflg‘?eg @R sane for bot h
start andwhagoasescriMedfShe NtimiRGEEHEOIYM bk @atdsved igtough certain
accel eration/ decel eration | oads were taken. into ,a&cgun ang used

thy piaqefs oL

consi 8 erdampingfectesaRrisd to rasiepi 8t Aenantiube 2aHETS 25 Results

Ver e pro S hahdsaldsQBs8Re! RNayoli GMigr 8 FiduenSianslli n the generate
node w ?%G%gﬁagfpéa%%r equsi rég by the rr%}%oor/gener at%lr, Fi gure 10, and

t ensi ons ¢ompohentsbeing the gaydke inciridipgbelt 34 in EERY ¢fgyraaad OumpeOL Bt or / gener at or
provides far et : 4k G LR QS ner RariftaidiB and span A
will be h%“%ﬁg\ﬁ%”iS%‘glegﬁdé%lt%éh‘tsai%oa%é@?gg the renaining spans Wil be 30

rel at i vel yetk appliciitie tiailéyost. éPrpdersionettiid notgraludeplampingg Ons vapdanaped s| ack
spans,, G _F : and, & 1S f-actd: j icaeadnfagi on in the
tight Z%paﬁlgd n&%tl}%a@g V¥1ﬁ1ead%)0e/i) fl Aﬁpﬁﬁ%]‘ﬁ(étglfé 'ﬁ%&%&ﬁg&f&éﬁng{%g%crgfcar@%mi S extra
portion ofith hesStesldmainmg damidran the belhlosseaine-deeti-wil d80%sloaming/fBteresul ting in

tensi oner inq ela {)eﬁty tig%?en%l%vdir%gtic}np\&%g garrl?pelrllgt fa%’%ifs v¥\ey}g hfe Sg.llﬂg 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



characteristics of tensioner 26 include danping, the bias to pulley 28 wl|
be | essened 10 WD 03/ 038309 PCT/ US02/ 35259 and thus the tension in span
C/ D wll wbenobss0d essened because of the danping. From a ®Cirpsoetiszashol d
anal ysis of system 10, the tensions required of tight side, span B, and

sl ack si dend thpahe fonsib@int shanSID wilk theh tetledstied Hetansgofthendntiong Foeht slip and

to operate  satisfactorily in a situations. e cted.to encountered by an
oper at i ng® H® feal?qlﬂ%agys FEHm L(Lg‘e&%tﬁfo@ts ée(flu’ir?fi(%% F%delﬂ’an%’ ﬁﬁcpe 10

di scl osessiidr@ideeiinh ) 1d @anBlititie At} 16088 withiéit bt gareidas epdmele with ful |

| oad generation operatjon. Duri ngddt hi s oper%ti on, the si)an tensions are all
the sanme saigfpctablydn gl siyriionssiypectcdde cRFQIRIETTE bY RIB LRETRINEDEEHEY] ensi on dr op
across5th§,8teﬁp51grd/e eRerabfe I8 the difference between the tension in span C
and span B, 672 N 10 and 115 N, respectively, yielding a drop of 557 N.
Figure 9 di Sidussksdistieses tetinsign famd iorech sppnidpeng generasmedenvitoitlo per f or m
sati sfactqQri 1 o IRAs i ; hstlfe NModel ed. Note
that the Béae%%ﬁi’eﬁa\é\ﬂo% E%%?tg(% requ ?gﬁgpfe%‘rﬁog’ég%%ep%g E%Q?mﬁfﬁggﬂ%}%ﬁgﬁ%ner 26 havi ng
a non- danfoedachaif dredevedy dfsipinpings N ghatthevignsionalremarsossier 26 havi ng t he
symetri cal a C LSt c. i it ensi oner 26
havi ng th’gogﬁs{/ﬁ%%%@ﬁ%éﬁéldgﬁﬁéﬁgggwe%ﬁggggégfﬁsp %:Cl%g&ig% %6%%{ can be seen

f r om tihesadguam,ir¢spedtivelyanaldingesirdaphdt557 e addi ti on of danping to tensioner

26 significantly reduces the anmpunt of. tension ifjtially required to be set
by tensi ongFguﬁ%? d"?%lo S t%l}easﬁtglln%fegglo% r@fq'iurrrepdre%{/séﬁ{ém wet%P grrfo%nel t 10 and all

ot her conpgisRebEly, With 28chabilsioatitsrdappingrbirecterisdic nsydsleénNe@ thatthei N const ant .

In the alternative, the helt s be. desi gney_.can choose to take advantage
of the dathdt® ERsRLTaHEred defy %{ﬁ%i iWréTT}‘ia&e‘FB’ ° c}?af"g‘gtaﬁ’@néﬁ?lp%lus conponent s of
syst em 10cHaghcte@teR 6VO®, GaEh t@kioR&26 hidng theapym@iricallhéangieier conponents. In
this first preferred enbodi nent, tensioner 26 conpri tensi oner pulley

ErLr | pri1 se
28, 28 tenEctHistic is O/ dpandpiihafensioner 2¢ P%Vtmgpt?l?/éiyn%@%‘?aﬁéd%?edt ensi oner base
38 i ncl udipehctdrnPisrg3z hace 48, spring 50 including first spring tang 56 and
second spring tang 58, danping insert 52 including danpi ng shoe 46,
danpi ng shodt saalbe s&, frogm thesegygniitative apaleses gt the addHen ¢f wBPBIR hi ng 40, pi vot
shaft 42 eﬂﬁbﬁé‘??@ Qiﬁﬂﬁ!wﬁtme&m@th@gﬁwﬁ% B tenGéh inftlad @éqgirg@@ w4et byhe assenbl ed
rel ationships of the parts of tensionser 26 are 36 obvi ous from Fi gure 2.
However , teosiomps26f Jhis sianslates ©dmproves! Life fomibalt { @ ard dhetherisamporsagts, if

20  all other parameters of system 10 remain constant. In the alternative, the belt system

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



with first spring tang 56 attached thereto (not depicted). Second spring
tang 58 rests w thin tang receiver 60 of danping insert 52. Tensioner arm
32 has a WDxewd383pel ati onship to pivot shaft 42. Upon r ot aPCernuset/32ensi oner
arm32 in relation to tensioner base 38, torsion is conmunicated to spring

50 by r ot akdtiap dehpipi Vitde abhiafeht 62wHidth MOrsARMPIBIAG: WATHAISORE, I6RED rotating
danpi ng shoe abut nent 62 which abuts da ing shoe_wall ,54.. This, in turn,
causes a FOFRATBHISE OlfmpIgnicHoer Fughacts ypop §Pring 0 4l s PP Ay 50 at t he

junction ghord@0& 0868 kBHd gﬂingmglg%.c TREdisRRdeNGtean dadBing S waillst ance
bet ween danpi ng shoe wal | 4 and danpi ng shoe abftét ment 62, fromthe center
of pivot Shadampingsheqebulpenifz.yfran te tafsriohrvat Seitfhés UG RIBEYY of danpi ng

creat eg aﬁet%}rﬂﬁnaité"éfqﬁé %ﬁnéa%%rl ‘g?llgﬂ?ﬂ? cRBe@adRe inWrfabe SRIMRIPHG o 48. The

larger is this distance r , the greater will be the asymetry of the
danpi ng. wéh depiiog e 48.ehkd lorser isHgs fisience madiadlyyshg grgstoncyif hethér in  the

| oosening, dir [ e A30%: ' 42k 1k Rod/ L anipg direction

of one o?g%n%%ggv&g%gﬁgﬁgi fxg%@gég[ﬁg{gggée@% 10ﬂ_ﬂFor /_trt%g{pl(l:qnfi gulr ation

depi ct ed il IddsgumgdiRictivhan tht @wdanpiyg totedint thetighdénippdieaction efamgni ssi on bel t

30, sprin 0 .relaxes. ..ln turn, tensioner pulley 28 supported by tensioner
arm 32 re\g/%???/%bsovg %%I%ﬁap%liw\a/%?a%sﬁsaft 42 in the cl ockwi se and tensioning.

di recttoon i mdi thatedigumtbh depieted in fBprd D gyhEallawed byisonditioroel peveh danpi ng shoe
abut ment 62 cause in oe 46 .t ress_against. danping race 48. At the
sane 15 tgﬁﬂﬁwlis}?Esbs\(%g@Pm@%?%ﬁXS% Iflﬁmg&?ﬁs{?ﬁ%t |u2)lﬁy%v?|3§lﬂ°%ﬁlﬁ% Jeonet ri cal

rel ati ons knflo@r arsfl 3T RivoFedbouNFENGt sBatt 48 i heCtdothivitg asd easivainf 54 causes

danpi ng shoe 46 to myve_. cl ockwi se ai nst danping race 48, giving rise to
a danpi ngdisstien ndcated Al iguisd; E@n% F(?g‘tcf’@ mpEQRith gmé}ﬂﬁ% 98t from t he

bi asi ng t B@imtRBS I.ANEE dRMihEhod 86 bsk @SailsOARAYVIRE ract AANAMNS Sdn@n bel t  30.
However, the cl ockw se dr?r%ﬂveient aﬁﬁﬁrel ationship _of danping 20 abutnment 62

wi t h danpiimg taaslpclovise mefien i sonurction Vith depgenAg 3 ot e shPShoe 46 with race
48. Thus, _dsrﬁﬁn%mha&ﬁﬁ i daPRirgShb S AENCHu W 8AmbIBE ShaRMBI o Riskd €y 28
revolves in the tensioning direction. Wen the condition of power
transni ssiclopkwied agat dagperasrageet’s Bymerispin 4 deppme frigtion: elhs|dp@Ping ¢ he
count or o1 A K R P R et 62 vi ¢
danpi ng s tressmigidn t4 30 e Hdweveri the clecksdsetrhevemant ang rélafianshipfof dAEEngzi6 with race
48, TBYS p SRR A% daiboh\vdiPsd, Rk GASKE: MBS RO G APy 28 revol ves

race 48. Thus, the damping friction is lessened when tensioner pulley 28 revolves in

the tensi'oning 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,

plunger 158, solenoid 160, and conductors 162. Tensioner pulley 28, damper race
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| oosening direction. The danping friction tends to add to the biasing that
tensioner pulley 28 applies to power transm ssion belt 30. Accordingly,

t ensi onerwP®3/0383pt h 30 asymmetrically biased and danpedPCAushzT259
preferred enbodi nent is depicted in Figures 3 and 4. Tensioner 126

i ncl udes ma8, Mtddevioéth 148, biAmgRAringddi 300ind kdkZy pistan@@rareasuppdrded, bydanper shoe 146,

danper race .148, bi asing. sprin ,. ratchet.teeth 152, pa 154, pawl

pi vot 156?‘3“51%‘}66%’@??%%3813%1& %gﬁgéég’éﬁfm Wg’oélél?'led‘fejést ol ge%f%ig. %’%si oner pul | ey
28, danpefesfligfienclib Wi RIAB SRERInRET bl fdhaR2dhénbels} Ban beadhplefedt €€t h 152,

bi asi ng spring 150, and main pivot 140 are supported by tensigner frane

. N piy p
164. Bi asPH§NE griingg 59 3efs 1q hag psdonsppiglgy dentn the gengrals made. gyl L5 ot her

resilignt ,ieaRedSeetl 19! HHi0Gho8LASLQUPiEIg OF pneumatic nenbers, can be
enpl oyed. Biasing spring 15(% acts to bias tensioner pulley 28. In the

gener at e nodéhenpgdiaived Bgconditipn@f pe e frersmissiontbelt 59, sprivg dpQemsradesd, as

depi ct ed. . i ti 1SS t 30, spring
150 causeg%ﬁée%d |n§¥§ﬁ%§g$g%%%gé9€$q%}g§{s%}qﬁgn%%?Fb%g% :ﬁﬁs'ar(?qg %}b.jlaéengt hen. In
turn, tensipposd hyutiseypeDBame ifpfrovaless abyut mensiivetd A0 1y thpelotledise andol ves about
mai n pivot 140 iR t I L S : (Welall ' I L,ndigated in

Fi gure 4. Eeﬁ%%%?%g“?g?? rﬁféi%%égﬂniglégﬂeag' ggar%{pglgrsﬁ)@%gf%hﬁ%gh%rg&é r Qgggﬁarrper shoe
146 adai nstprekadmapersboel 4b4gaindtdamhe raaids.t Anthe sarthetiog,dbkolpgavisenot i on i n

conjunction.with the geongtrical relationship..of.mnai Y wi t h danper
pi vot cau%’g%lﬁr‘ﬁﬂ@r"m“rtg évq%f%e BE S Iargqa %r}f‘ﬁl' SETE é}'&dﬁlﬁlrlpcga%npgﬁwoe 146,
gi ving ri pRot dafsed datappirarg 1#8 iccibetlockivise dadep dmgpdrshed 146ngivamdse t o subt r act

fromthe biasing that tensjioner pulley 28 lies t ower .t ransm ssi on

bel t 30. MAdwBine Pion | HeRaREne et Rt keubinst Fardls BRIE 1251 i vots 140
and 142, i@gend: pullsSBepplidi@o pakémanimissd wft 30s Mo&eldbheiclodkwisee 148. Thus,
the danping friction is | essened when_tensi ey .23 revolves in the

| 1
Lonsi 0B nuFReE ARGRIAtOPRLIP QLY ROMdRE 12 BRY oD thedpsivederost bel ¢t 30

forces teQslcqn8yitR¥adeQ¥s 28nisOthe UEMKBhY Bickibn IshEsséRO *@BH RGsidhdr@alidyon, by
overcom ng&t he force provided bé biasing 20 spring 150, the
¢

count er c| 8¢ kwplyes indheeigesieningdirecdtmat i onship of main and danper pivots 140
and 142 tendytd hcsaRRE of PondfHah Bl 18 30orslGsIdhr Wileh o8 @€ 148. Thus,

danping friction I's increasec en tensioning pulley 28 revolves in the
| ooseni ngrevdive écthi breseriipedivkahipi, hy ofer¢amingthe farpeiprovidedbyibiagng he bi asi ng t hat

E ths Ih(%?grz ’slp%lg{}ﬁy,fﬁg?ou%%%ﬂc%%vige%&%%ﬁt ah& ?e'i‘a%g}lﬁl% QﬂnQﬁ Iaﬁd cﬁ?npeW thout ratchet
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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25 pivot 156, plunger 158, solenoid 160, and conductors 162, tensioner 126
is an asymmetrically danped tensioner. The addition of the conponents
creates amoioBiosssad expense and conplexity but all ows addipCirarsat/3s259

optim zation of system 10, in the form of reduced initial setting tensions
by tensi opasedlidGignMpeocessoc 68 sxtigh dagbt a darieseoffestral diftuitstotppodsss operated in

gencrat o SO T E o eoTRHRDY " aar sk 1 the Pkl B BRI o T o or

rel ay opeasd Sebcaiiod dopohdits, MO Edng@ 156 sidal prdlest @ 68 MAScRbREVT ar6al power to
begin to g;ive atacjcessor belt drive system 10, tgr can be part of an

aut onot | vETGHEY ess & Rrdmany sl guthe aths ?m%fﬁqoso’f: FBFHFYet ound within a

cont r okl eemb&imbAiecomgiiaed défbﬂ@fGQ%O,rhaviI%?Iuﬁ%éi N3% add@ndhGoR 1 @8lUEM by node
sensor 66 is 13 WD 03/038309 PCT/US02/ 35259 passed to signal processor

68, whi ch thisprelsaedembediney conteraplates pse@hplegiripal Sicpalstsenyorop®edsathe si gnal and

make it CoRPRaRIE mMdchdhidt hy@hlic, 4% pnliiBaR! SORM SerRbrs! Hb&sohgR@ Ppath and
associ at ed conponents, node”sensor 6pG, si gnal processor 68, and actuator 70

are knowactejors pgsdsoghvisiog¢hary skill in the art. Actuator 70, of this
f d>5 I 0 i i | I 158 d
prererre lgqg@ I{IFgéler%oﬁcPW is Efsgeéxﬁé (?dﬁg%cgcgﬁl@@z. SR R91 & LRSS an

conductors 1 . IS pr rred e nment contenpl ates use of
el ect rMcalhesigyaldlygaiswepbogsy, 158r @oesspavnd 158 mirdtatecibueitmd piveetidni cal |

hydraul i c,;, and i C i-gnal s,. .sensor Ssar, nd ctuators are
o o envt L BrGHERLY B0 PdraRERER TSy, PORESE SRRV Bt or e 165
Sol enoi d 16Ring Eadir steisdoned Pulielr@ 8 samgrwhetly the adnsiong g diractgparouis8, causi ng paw

158 to rotate out ivot 15 o the.poi.nt of engagin awl 154 with
ratchet t&8 ﬂn‘%gﬂrﬁo?/@%\r,\\ﬁ%‘gH&O(Ymgilﬂﬁrl'eé?f’swl%d#)q‘f | ocki %ggf agt gr, t ensi oner
IpuI Ikey 2? C&Hhereﬁgagbtﬁéntiolﬂﬁﬁ\hlfl%@ﬁ&itéuﬂig&lﬂids&@isioﬁéthMI whish et ai Ped, \Mor
ocke rom.noving in the | oosenin [rection, .The en enent o a 154
O TR e 3o i o i PRel s B RANT BP%s power
transm ssidfcdisdry bolddtie dyBemPBRInglpR0aH WlcCdinthtcWasie! ARtSRglyUSt prior to
accessory belt drive system 10 being placed in the generate node.

Accor di nglspsion parepATYdisitaeive sty 1 Gyloes nd dgsyen sehdandiglly pheds m9de | essen

subst ant i &l dyiNae ImbH@nPASis aliSwSitk tGa6h of IRA MM drY vialsPiis BlelopWs t he
selection of a static tension, via spring rate of brasing spring 150 and

overal | géBriag syingfl 5P erdsosrdt ccometry elensiangr 126wibet is harer fwattha0 al | oned by
confi ggr aﬁflér?%glb?//%)ﬁﬁ@ﬁﬁfoﬁs AYBlotADLRilanld, WARH: SBEREm el iiRaEd Or mance

suffering u
suffering unduly.

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 i4 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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When the node switches, fromgenerate to start, actuator 70 is deactivated,
allowi ng pawl 154 to disengage fromratchet teeth 154, and all ow ng

t ensi onerw028/088309 return to the start node descri bed aboveCTABITbe59
activation of actuator 70 can be based strictly upon input from node sensor
66 or upoihchdibicinnfihg Plak 208 idnpingauoddlei280,5h4gn glvop24uc esbmovabR. For

i nstance, ti elay can be built _ intq.operation of .sigpal processor 68
such t hat n’ﬁ@g%a?tégr b?%‘p}nér%ﬁdﬁge Z%Q(ﬁ ﬁle\PE}teﬁd? rﬁatg"e“!liet"lq g g'r node sensor 66
i ndi cat es Dafghg hiauRRde ilasles Wihahed?, pifui 133ekhypagiusdyanagetsay be found

in deactivating actuator 70 after a set tinme period 30 reqﬁédless of when
6 can sense

t
node sens6&?ll B> «ngerimg rof e ecraGFting Bin Aoty Rody |2fﬁ)6:r?ﬂél gonusiony

engi nesr . pyfder E%UNAS YRS Wibehds Ric SR AL reBlogiéa] MR@D3 LI ARkighaf t pul l ey 24,
or torque ugon not or/ generator pulley 14 for determ ning a switch in nodes.

An al t er nampedimestaheqlpgien] sl iemagiethpelogiceldd teIei gure 5. This

enbodi ment g, 3Ssifpe b (G HRACE MR i idbsts eption of

alternative Tfégsﬁé%g%%?ﬁ%famm VO 03/(83’88%9- @%Té 8$02§E§'5§§n9.ge%%ncl udi ng

r21rgi11 nt iDgg piaaingarziztﬁg lqreiétmmggwghbleaa@@&_ ;ZGrﬂelh{ihqoﬁeglmnu?g@_,recmy rmvalél e grrb_er
: npi.n . i.S. . . de [ re 6. npi ng

modul e 236" F}egq U g’gseby F A glr S%%&pf%rp%%ﬁ%ia&@%y psggﬁsl’lg’tau(%g&g% , hagnetic

coi | 288, swgnaone nfja noobe? 42 ptheranmee piotgriny msildy mebtdys. FaBheraihd conduct or s

262. 5 Cyl.i ndelr 2312 and gé/tg(?ss ntbubael. 2%6% 8 Eeetfi | L%qov@gdgcrtgre%ogi cal fluid

233. I'n t RPSPCTaGRRGT FrsHP S BRPTSAEPAFPsliegt 293070 RESHEt T80l ogi cal i n

nat ur e TeMdvenedt oR2@0védE memies b4 antndeabeivo( 2¥tis deghanically t hat provi des

spring rate bi.asi and therefore biase veahl e er 264 in the

t ensi oni n@oﬁ?’?@&%t?d;tg,Com}%ﬁl?ﬁ@ﬁg%cwi’%qﬁelﬁgn?e@ 1% TOS T FBRERRS AN i ncl ude a

t or si on spsd @AGnove vERRVEILMEE 230, WIHEH foges Meologicaldhuid2IBushanstaf frab her tor que.

producing resilient nmenbers urt i i nclude a | ever arm acted

.. F her, it.
upon BY acYinded32oesps Fié?\f’fli’f;étﬁ’br%%"f fgghepclry%‘ifg 21;’]% o B ather FEG 8RN of noveabl e

menber 2643a7:0yNshsiRbE2 Y. Vs &fibsiReolRAPAIiC add % fagsqmm@il 8RB of O
connecting rod 242. Myvenent of connectllp?gérod 242 causes piston 234 to

nove wi t hingesjicicpida38. A3preizghion B Magneia cqilyss [VisgGoRaycteots g HIMIBESESE t r ansf er
from 15 cylLide HeRiipoR b6 1R1a95 9B 2RérebPinkhEsk ¥hd BLiy232 on the
ot her si délag@piﬁset 3%0_23? _v?acgygﬁass tube 236. Tﬁ%ns c%uses rheltgl ogi cal
f1ui d 233 of wmagmtosheolngimabfuid Bé3.core of nmagnetic coil 238. Energization of

e o R AP R TR EaE TR b O upon
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 rtheological 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 tensioner 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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of magnetorheol ogical fluid 233. 20 Wien nmagnetic coil 238 is not
energi zed, rheological fluid 233 passes through bypass tube 236 in a
rel ati velwowansssty i ct ed manner. Thus novenent of tensi onePCIAB02/3R59
relatively free of danping. However, as coil 238 becones energized, the
resul tingto ﬂes;mmeastee 'tmde/blemgsby y slight reheationgn dellodsbningl d2@8on.r Bames a
restrictio of 1

Ther e s SRt Sororlh OHanPReBUTIRER ko ek et AT e T el .

i npressed ldd:ﬁﬁlﬂl fore bogtiemds thé tiind a3 oBitdltidtise ﬁy@&tﬂ 10 i86n the s@AOSI LY.

Dependi ng ont e 5| e and ape chosen for ass tube 36 danpi ng can
be el evat & ’Fo hi ﬁtsené‘?r éé‘?gﬁf‘ F’th‘ﬁfm%lﬁ%c%‘ ‘éﬁ@?’é’ﬁﬁf) $B%Oh pl ace. The

si gnal spabbe.demi ﬁlf(ﬁﬂlah(ﬁh Fan B pocBssaPPY il ﬁ@césmrm%m@éihgeaﬂy dar\;\ﬂ‘% well. This
enbodi ment all ows additional flexibility on_how, when and to at degree

danpi ng  30logk fensieper 22 foiasepragodaipsressay babdivesyrteml 0 scilittionsde sensor 66

and mani pyladdoRdr E%fmltrrﬂ@tﬂe?&bl%u%%ﬂéc@o%g%r dBEPPESsREerR8 al | ows fine-tuning
of tensioner 226 danping. For TInstance, danping can be selected to be at a

very hi ghembodmentbut | ess than that necessary to |ock tensioner 226 in

| ace, i nmmedia I V.E: SwWtching to
generate. Tens%’fg%%alqg%pz uﬁ?ﬁg%g}? |L> %ta)%eloﬁ)gwa %Et%? }Ig %d%%/ 038309 °
PCT/ U302/ 8beEstatit plates Spd depictod)trbigacvonbgnaivand 83dy The grinpigheperagicaxation in the
| ooseni ng {1’& fefals is% s rerl?a%ﬂth%f % ﬁlnliﬂ{eh‘?ﬁe r&@ﬁeﬁﬁg m@&%m% el GAN be

i ncreased ensi oner € new 1Yon T or e dur ati on of
the tine deaceba;iq:rq/feﬂmi ¢mlshdinuent syrsprésnghiches teeth tSBepastld g, plungdle158Furt her,

d h t t POSIi L] f.t 5
e e e A oAl S b eShp e BB B0t o
i ntel |'i gemdethyl 5dafpn moveablRaKerfn 360nMraff2dfp thoraetdnynpsdbes inacessory bel t

drive system 10 oscillation or vibration or to mmc the ratcheting effect
of thd®pr FBHOWEERMM5Ed preferred enbodi ment. Rheol ogical fluid 233 can

al so be an efhg\ﬁ&vqéﬂia@bﬂgme@e{nbbmniaﬁttspé&ﬁc tbuaﬁpﬁ@nﬁﬂae,zaol@le@ ectrostatic
pl ates (not _depicted) replace magnetic coil The gener al _operation and

rel at i onshygaulicdid 7 wplaces sheolqgirat fad 23% H%CCP’élﬂI&ﬂ%ﬁaﬁae rHdd8nent of the

first desgrdsdge DIk éRuAHR06) A AbsehiO MR iHisSrMbdldn® NRlleni@BioRer1 52, pawl
154, plun 158, solenoid 160 and conductors 162 can be i ncorporated into

t ensi oner %%@e v Ingfif ithe tergioningeditgctigphydykc fideab iefomediom helowend af fi xi ng
the regai Bbl@ign Bpé}}:hh&)é}%i%k 'iht@m%ﬁr ﬁ%@ﬁée@@?é%, PRI deck ball 248 and into

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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Figure 7 depicts another enbodi nent specific to danpi ng nodul e 230. Here,
hydraulic fluid 256 repl aces rheol ogical fluid 233. Accordingly, magnetic
coi |l 238,wOlgpasses t ube 236, and conductors 262 are absent PCIIUSOABRS9

enbodi nent, when tensioner 226 is nmoving in the tensioning direction,
hydraul i c flAn cﬂdﬂbﬁaliembbdirmdsimﬂwmttl’raIEddpd:ntﬂirin Eigupiﬁ isiatwo eofisiogdd. nder 232
into maj o a e er portion of
cyl i nder LZFE“EZ) % &eé’t\ﬁ?r%zjz%nﬁi theD teé:tﬁ' g%azf}ﬁﬂ ?agleg I verlex/’lglfx‘J r%lﬂp t ensi oni ng
di r ect i onfaf dperitathitane snfai@t &s bplidsécétodl&rdepiagd sMhesvtiiednsnigedtiod26 noves in

t he | ooseni ng..di ectlo dr d 256 forced fromupper portion
of cyli ndgrcm%i frh]f’f)ks 1?‘?6‘% rp% B%T&é tsaipe aI} WCPWE%FSW portion of major
passagewaRai2béingbecond uhmxaﬂaﬁlewmrthlagan REe teéth eaﬂ bd}dﬂaceaaﬁth M nor passageway

250 is relatively small. Thus, _substanti al occurs in this
directi onc‘b‘?esB‘ﬁ@F%thrW%%urf@%‘ﬁs Bisert 0‘?%]8@3%‘?1’{ 8Yer d%?‘gtn&ﬁe%z is depicted as

subst ant i akkxd betcha6ked26 Mth&ﬂ bﬁﬁéﬂi@& @Belﬁﬁntto@lcicﬁﬁg depicted in
Figure 2, is included, control piston can be sel ecti ve%‘g@extended or

retracted. TPREIRIESOROHS grithdhe oprss &%Ppb?ﬂhyﬁhwm&?@lf%@nﬁ%we Bides control
pi ston 252,35l 8ialifg | a‘t'{ﬂe%uﬁ@}%efl’@ﬁ@&acel fThﬁQiﬂ)tdﬁﬁlatl&l 2R k52 is fully

ext ended, tensioner can ‘stil nove in the tensioning direction with
m ni ndP dawmm@ncaibmvewenmm’:ﬂthe fraxpegye waymetsicali Thishsdratethedevehusi ng

t ensi oner i rection. 16
VO 03/ 0383%%‘%3%%%@%%%%@@@9%% AT r%ﬁg] &Hﬁ%ﬂqt‘b%ﬁrﬁn@+rggln%o t hat

depi ct ed ithe deinging@royided. Ehﬂhﬁr,ehwnshecmédlat ﬂﬂyeforcabcfe@nstanmdldecnﬁzh@nd t he
mating teeth of ea for f teeth that
are strar gt PRYREHL e aiar AT of S BRE ol thu roglif Mo, on

Act uat i onletvlaleﬂuﬂmtelbzsle]h‘&mai torﬂerbeﬁ,?ﬁwhasdmtplmgt tagiht ey ardodkig, isaoseni ng

di rect] 5 Rat cheti ng becones unavail able. Further, all these teeth can
be rep acgﬁe%(’?ﬁeveré?)lrr?sgﬁ%ﬁ'di ng braking surfaces. This allows |arge control
0\r/]er danpi nfgrhfa@tdsgn ikhesreduiyintiendsaved era&ﬁlh inﬁéﬁt?mbmbnéh@gi Ing gagpi ng to
tep0|nto ocki ng. Danping conbines with the forces su ied by the
resil i ent SRsH optilizaiiqy ¢f long-tgrm W&ﬁ?ﬁt&amms%mﬁ@ce 193% tBEﬁﬁnile‘ey/ bel t

i nt er f ace gmEhdusstimmily hﬁlﬁ{ﬂl (gdgﬁgthldrcgmb]gm%o asynmetrical biasing even where
t he danping 1s symetrical his is due to the |level of bias being the
resul t ant ofTheﬁ@e@%ded@mt%r%ﬂW%? eppedimerdhef thepisesnt BVe¥io8r ni nus  t he
danpi Bg PHA ¥iEHsholit %*ﬂ&rdmw&ggm R&rdad £ defdfitin aalymg %a%aaﬁoﬂs%ﬁa st ance
added to the bias provided by the resilient menbéer or spring of

t ensi oner akdypativeeabediments.hb shjuddbe 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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| evel ultimately delivered to the belt, such as danping, ratcheting or

| ocking, is a 15 direction reversal resistance. The present invention found
in the dewormlsssoenbodi nents acconplishes significant op®PCrusar/32m of

| ong-term and short-term performance while, at the sane tine,

subst ant i &Yd §lami:ni m zi ng 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 varying nodifications and

al ternative fwnbogiavedt merid sinduistorb enginel eliasingod, cfamhz&mﬁr ant hat t he

f or egoi ng descrl tlon f the inventio exe r and that the
scope of t hé fHvett ol °§/gf’%er%8r I 'i“]r% el&ﬁ‘ilv tsgﬁ?rﬂe}/n(‘fﬁ@?lés %s interpreted

in vied of tdmkpiraﬁgfullay,tan Messomepullel, he moitdiXeeidraton pilldylat et i vel y di scl osed
herei n suitabl he absence, of any element which is

may racticed in
not speC|f|éﬂpﬁymﬂﬂéﬁﬁdggﬂnﬁﬁp 15 2 aW@W@SWﬁ§@§E@nﬁE§ﬂEE%§U35259 e

Caim 1. AnbbifpaRveshisiifepnnRy, &TRiesdsbOHuBBgisBR Newl/Béhethtsir ankshaft, an
accessory, a notor/generator, and_a belt-drive systemincluding a 5

crankshaft uflpeygnd é%d Belt ieasioney PHUﬁM @i belf tepsioney eyl cariastngul | ey, a bel t

tensi oner, %a@%&aﬁﬁﬂﬁh@%‘@ﬁcl&éﬂé S¥n, 1R Eh ?oveﬂwﬁrcoﬁqbﬁﬁﬁy ssion belt trained
about said crankshaft | ey, said accessory pul sai d not or/ generat or

pul | ey9 and said belt tensioner pulley said belt ten5|oner pul | ey

contacting saigh Relibneat hefhgSis Heﬂﬁa ?S gﬁg%dsl.hqedl ef&;ﬁ/g'% ténlaﬁ“i&l {gprovenent

conprising: 10 said tensioner elng ynmetrica iased 1n a direction
tending to causeasasald poveitransmaissern ititobe bkt tehsiorhe under tension. 2. The
i nprovenent of claim1, wherein: 15 said asymetrical biasing being that
biasing at a level that is no nore than that provided by spring rate

bi asi ng, éﬂwemm@Vﬁmmtﬁﬁd@esla@vmmg upon said tensioner and said

tensi qger pul | 5¥d dﬁ?}ﬁms&%ﬁl l}lzféﬁ'% ﬂ%ﬁfg%a% %fa}fmgg‘c Ciiqg < e no%%rg 113% l%ﬂaltqg rate

bi asi ng and wou ereby tend to cause s ensi oner to nmove in a
i ncreasing belt pﬁwﬁk@hyQMﬁgawnbnwm&ndxmhawnbrbsmmgnhga@oﬁﬂmiesults from

PErNG CaCe bl ool R LR A R LY T

said spring rate biasing and would thereby tend to cause sald tensioner
pulley to move in a increasing belt tension direction, and that biasing that

20 results from spring rate biasing and direction reversal resistance, 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.

25

3. The improvement of claim 2, wherein:

said direction reversal resistance results from a damping factor responding to

movement of said tensioner in a direction of decreasing belt tension.
30 4. The improvement of claim 2, wherein:

said direction reversal resistance results from a locking factor responding to

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

5. The improvement of claim 2, wherein:
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greater than that necessary to overcone said spring rate biasing and
thereby tend to cause said tensioner pulley to nove in a decreasing belt
tensi on dwoasisssm 25 3. The i nprovenent of claim 2, wher @CR/USSABILS9
direction reversal resistance results froma danping factor responding to
novenent of sadalll direttRinatedsal resiatatéerie titdrmitieafly ghpticd asespgnizetbt t ensi on. 30 4.
The i nprovenent of claim_2, V\/nere)' n: sai.d diﬁect on revert.sal .lhesi st ance
results from a | BREKIUE 24 PE? MO SEIE R F5Chamsd eFEHP B2 SR "4t ensi oner i n
a direction of degsd@asi/penehtdtpullensi on. 5. The inprovenment of claim 2,
wherein: 18 WO 03/038309 PCT/ US02/ 35259 said direction reversal resistance
isintermttently applied in response to operation node of a

not or / gengr atQimpBvdiRaheniSal 5, 6ametEngingn W th said notor/generator
pulley. 5 6. The inprovenent of claim}5, turther conprisjing. said
intermttent diakdpiemyientirastion reyesss] iepistaice applispiimlsingsabERiPshi d t ensi oner
being danped at _geif] iiblpodAMPHATlSHA 1l if BEALlELLAATERGEbRRL tension
direction when sald notor/generator is operating in a notor node and said

t ensi oner bei ng disgrtieniwhen seikmeiondendmtpiinepeiating Fea weor swdp A B8l t t ensi on
10 direction whe I I ' ' .at or node.

7. The irrprovene%?gi%#egg@%%‘é, %%E%t Cgéd J(i:a(?)n ?1%%%1?1#9&9?%' gF%ﬁea?gﬁ‘l&%tent

di rect® on rever sdirecties iwbtrasugbmaippkéreatiranodesiting irsagaietagngnaner  bei ng

| ocked agai nst novenent in the decreasing belt tension direction 15 when
said notor/generator is operating in a notor node and said tensioner being
not | ocked agaimgbvermsneatddim 1) firther chagirsmgi ng belt tension direction when
sai d notor/generator .is operating in a generator de. 8  The i nprovenent
of claimb5, fuﬁﬁ@‘iﬁn’&‘gfﬁipﬁ)@?%‘:re‘%ﬁsa{;lgfl ?Cﬁfgﬁﬁﬁ{‘?ﬁefn%ﬁa}detgﬁl%lﬁr rever sal
resi stance appl i gethg RBkddeERBRAIAGE iA theGotttdsilg Ueltpaisionelsettionng from sai d

not or/ generat or operatjon node. 9. The | nprovenent of dcI % m 8, wherein:
sai d é®ntrol i npifthen Bidmoter/generaterds oRefaliye & motor mode and said tensioner

being not locked against movement in the decreasing belt tension direction

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

8. The improvement of claim 5, further comprising:
20 said intermittent direction reversal resistance application responding to a

control input resulting from said motor/generator operation mode.

9. The improvement of claim 8, wherein:

said control input is an electrical impulse.

25
10. An improved belt-drive system including a crankshaft pulley, an accessory
pulley, a motor/generator pulley, a belt tensioner, a belt tensioner pulley,
and a power transmission belt trained about said crankshaft pulley, said
accessory pulley, said motor/generator pulley, and said belt tensioner
30 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.
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25 10. An inproved belt-drive systemincluding a crankshaft pulley, an
accessory pulley, a notor/generator pulley, a belt tensioner, a belt

t ensi onerwpuwBioassp? and a power transm ssion belt trai ned RZoEOSO%3H260
crankshaft pulley, said accessory pulley, said notor/generator pulley, and
said belt tensioner 30 pulley said beIt tensi oner pulley contacting sai d
belt at aqst r said
tenS|onerlﬁé?%%q%§%§§§?%?gg€%§&QP§ %%&38 |re§%m%9%ﬁ' ng to cause said
power transmpiulei, @n abeshtoryt pulley, alrmt&or/geemioo pulleyOa Ve 03%DAB3@9 PCT/ USO2/ 35259
11. An inpr f tensionin ve sy tem having a
crankshaft %éﬁqGHSIOn%rnglg% essdggy}) O‘pNSf lg%nsml%f'lo% %t %}8‘?1 S]%&ucl’sa@ul | ey, a belt

t ensi ofer, anmhﬂhﬂ;mﬁﬂsmmﬂemuﬁuﬁy@muqaaddaumﬁwﬁmanﬁﬂﬂmysﬁkon belt trained
about said .5 crank haf t | I ey, said accessory pulley, said

mot or / gener ALBRVERIF 8?mPQ$%¥ i mprovement conprising: biasing said belt

tensi oner pul | siysisgand lﬁltﬁélﬁﬁdneﬁlbﬁléKuﬁblﬂQst&ﬂ@lﬂcl@-ﬁld@-sﬂahra$h firi asi ng | evel
when sai d tensioner, gq is mpving,in a beltf tensioning direction, and
10 bi asing sai d BBHEE &% ‘@ﬁ@r“ﬁ%ﬁ@@?nﬁbﬁﬂkﬁ iS{RPYINE| Bek-Boltde span at a

second bi asi ng IQ%gbmﬂ%gﬁhﬁﬁmdmaen5|oner pulley is nmoving in a belt
| ooseni ng direction
10 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.
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