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DRI VE SYSTEM Background of the Invention Field of the Invention 5 This ,
invention relates generally to internal conbustion engine accessory belt
drive sys having a unitary device perform ng bot ji.ne
starting. faﬁﬁ@%/ﬁ%glhand the el ectrical power generation fu%cé%sno?ﬂg}ﬁgh as a
mot or/ generator sonetines referred to as a Gen-Star. I\/bre{}n@rAPR,LQ[]g%Iy, it
relates to such systens in autonotive applications. Specifically, this
invention relates to a configuration for belt drive systens each having a 10
not or/ generator and each having tensioners. Description of the Prior Art

I nt ernal conbustion enég/i nes conmonly use power transm ssion belt drive
systens to tap pMFOREINERGTORAND ACCEERRBN-BELEAMRIYE SYSTEM to one or
nore various engine 15 auxiliaries or accessories. In autonotive
applications, these accessories include power steering punps, water punps,
air conditioning conpressors, -fBgadkopiRSS RNHvaigr nators. Historically,
such engi nes have had the nai n power takeoff point at the crankshaft
protruding fromthe rear of the eHtgldeftheIntentitni s attached the drive train

f driwi t he. .wheel st h t bile..Th [ e dri
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via one or frore power transm Ssion I'ts trai ne me et hod of
't ensi oni ng teaclkctpoalgovier garemitiosifanctios) such ss prowiriederafbh sompetivads refer@dgeri ssi on
belt, the pul l(?%f ar@gdevi c%;&sficcoqpl i shi ng belt tensioning formthe
accessory BERCTrHiHe NMow pasticulaslyrd relates tasuch sysiemsin awdurmotivgiapplivatiops-bel t s.
Cormonl . _agesral. 185k RRRA (PY colfBRkAlorat] b3l AR 5 8s Chotl 0g;f, the
posi ti on-of%%at ’le dt ong accelgsory oFol e%iogg&%%f : Silgtgxglcsaﬁé{grhelﬁrg’e srred to
as | ockéd- eeotbepedeedtor addicudshavirectansenetdiere i s no provision for automatic
novenent of any of the pulleys to accommodate varying condition of the belt
or of the drive as a whole.  If the belt should stretch or otherw se

| engt hen, the tension 30 upon t ibn Yol $ n. Further, for -proper
operati-on of the belt drive syspgsnciﬁ%%lh% tggguogﬁéﬁf the belt nust be set

hi gh enough t ntaadeombdstion dnmeswosionlgsse powet ttanemissibn\BElt @A 2 S3%ms to
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tap power from the engine’s crankshaft and deliver it to one or more various engine

15  auxiliaries or accessories. In automotive applications, these accessories include power
steering pumps, water pumps, air conditioning compressors, fuel pumps, and alternators.
Historically, such engines have had the main power takeoff point at the crankshaft
protruding from the rear of the engine to which is attached the drive train for driving the
wheels to move the automobile. The accessories are driven from a pulley attached to the

20  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 pfovided. The power
transmission belt, the pulleys, and devices accomplishing belt tensioning form the
accessory belt drive system. o

25  Earlier systems included multiple v-belts. Commonly,.é'acl.n 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 belt
or of the drive as a whole. If the belt sHould stretch or otherwise lengthen, the tension

30  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 extrenes of tenperature,
engi ne operation, or accessory operation. There has been interest in making
t he vol une, of the engine conpartnments of autonobiles, smaller. To

accommodat.g .t |l er conpartnents, various aspects of t gines have
becone srra‘?f)é)?/?%l%ggl udi ng the accessory belt drive systens%ﬁ?iggﬁ%as been

acconplished, at least in part, by reducing the nunber of ?ql%? ﬁﬁmboyed. As
each belt is renoved, and the nunmber of |ayers extending Tr'o R ront of
the engine is thereby renoved, the total distance the belt drive system
extends fromthe front of the engine is reduced. Utimtely, this has
resulted in the use of a single serpentine belt for many 10 applications. A

ser pent i neSWHd Wosskcass coptiiensfeadgdee weult pleexizsines of tempesiurgr g t he  vari ous

pulleys in ' f th forward and backward. A v-ribbed or
M cro-V (0 rregcl%tgg?ée&gssjtar%g errr%r "of The Gates Rubber Conpany) belt is nost

suited to sermRpshdecpBidrestdt neling thHeoluing] sfthé OMin®EohftetheatksFd- cent er
approach to belt tensioning are exacerbated in 15 serpentine applications.

Accor di ngl gutompbiespiadiers dppesammedaie the sqrallpbepmpacimends, yariovsaspsatstofthe

t ensi oner r the. _changj .cqndi t4,0ns _of the belt drive .system can be
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whi ch  at t agbepligiddestibast B part) By rehiclis thOntiBer@Y beRelahplbl af kaofack Belt gngi ne,
and a pulley, which presses upon the belt in the plane of rotation of the
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geonetri es have been enployed to piovide the biasing force. Commonly, a
resilitnt appindions. duchpeatine belt isssomamgd hecaise of thomey it duekesovemlditee nenber i n
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provides a s what constant force upon the” surface of the bel
system i s dpplicatio@st i ng state (i.e., the pulleys are not rotating).
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' automatic tensioner whereby the changing conditions of the belt drive system can be
better accommodated. In basic form, an automatic tensioner has a framework, which
attaches directly or indirectly to the cylinder block of the engine, and a pulley, which '
presses upon the belt in the plane of rotation of the belt drive system. A moveable
20 member extends between the framework and the pulley and is biased to provide pressure
upon the belt, via the pulley. The pressure acts to lengthen the distance about which the
belt is trained and thereby causes the belt to be in tension. Various techniques and ~ -
geometries have been employed to provide the biasing force. Commonly, a resilient
member, such a steel spring acts to force the moveable member in a linear or rotating
25 motion which results in the pulley tending to move in a diréétipn toward a surface of the
belt which, in turn, tends to increase tension upon the 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
30  manufacturing variation is accommodated fairly well through the action of the 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 systemis at rest, even though the belt may have stretched or the

engi ne may be hot or cold. However, a tensioner with only these el enents
may not maintain appropriate tension upon the belt for all operating
conditi onswgfoz;zmlsystem 5 An operating belt drive systenmptypke@ohis
.oscillates due to the influences of torsional vibration or other angular
accel eration of the crankshaft or accessories, the influenge rﬁgj mﬁ)al anced
conditions,.or other influences. Torsional vibration of th i r@&g t
occurs, in part, as a result of the distinct inpulses delivered to the
crankshaft through the conbustion cycles of each cylinder and piston

conbi natiop. .The qscillatiaons | ead to, 10 .ibration of the belt. This, in
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pul l ey exerts upon the belt surface and the tension upon the belt. The
changi ng tBawewar, 2 tepsionehwith ehly thesa clemests mayamd epixttihepprepfige tasioe f or t he
belt drive_ s e LN _ane instan i ssues of short-term performance, such
as where t%?&l&%ﬁort & éﬁulng&P’i‘ngd”?fz?@ﬁyi@msl i ps excessively liniting the

systemss ef f iAg] GReMiR bR shERIPRiSlyRBIARARN fotte irBfueh@®s ofEESR Vel ¥
noi sy due to sli'ppageé or otherw se, can arise. |In another instance, the

amount  of vibetiei onother axsdaridcyelepipdn efitht orankehafier ageessoribg e iafloepesadl e

performance . .on the short- term .leads tq long-termissues sych as premature
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performance "of tensioners, danping devices have been in

t ensi oner scontfastign changseaf chetnsylonder andhpasten combihatthad Thyerosetlationaleadampi ng wher e
novenent of, the egbl e portions of the tensioners are danped
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f orces suppillepdxdris ugoa the balt Surfaot ambthb éamsion upes tHetbeltn Tae ohahigingaehsborasi ng, at
the pulley/belt interface. her tensioners have utilized asymetri cal
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asynmmetri cal d_anioi ng have bFen passive .in nature. The nere
excessively noisy due to slippage or otherwise, can arise. In another instance, the amount

of tension necessarily applied to the belt, to have acceptable performance on the short-
term, leads to long-term issues such as premature failure of one or more components of
the system, including the belt or one or more accessories.

20 To accommodate these issues and thus improve the performance of tensioners,
damping devices have been included in tensioners. Early damped tensioners have
included symmetrical damping where movement of the moveable portions of the
tensioners are damped approximately equally whether the instantaneous movement is in
the direction tending to increase tension upon the belt or in the direction tending to

25  decrease tension upon the belt. Damping combines with the forces supplied by the
resilient member to result in a modified biasing, at the pulley/k;elt interface. 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 maximal when moving in the belt loosening

30 direction.



direction of novenent of the noveable portions creates the different danping
rates. In one approach, a shoe is biased against a race at an angle _
different fromnormal to the surface of the race. As a result, the relative
novenent ofyhRhe,shpe and race in one 5 direction tends to |péfuthigeshoe from
the race. This reduces the pressure at their interface, reduces the
friction that gives rise to the danping, and thereby reducef I PRdagei ng.
The other direction tends to wedge the shoe against the race and I ncrease
the danping, as depicted in Figure 2. In another approach, described in U.
S. Patent to Meckstroth et al. nunbered 5,439,420, danping fluid is

channel ed thraough.different orifices by valves 10 depending upon_notion to
t he moveabl e Mr%g?sﬁ@ EPE‘H@FBWQ#CYW%VI’% CELPRSSIYR & Datiysy ddeimere he
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channel offering little resistance to“t novenent a anpi ng.
In the | oosenippepadh,rastiok dnbiatddenghinstiadaqes ae anglediffgbntarare hatmal @b shes nal |
orifice or ch n,ne% offering greater resistance and greater danping. 15
Anot her ap EhO @eé%%?m*?étar’ieé‘%%%eéﬁ]épﬁ?l’ékov%fﬁ?&ﬁoﬁ@%gge BRErCa it 9Rfe and can
be al so 5 Deyfaund: daseriifad & hBR hd2R:PHANauck the Ssur UPUBGLL K
asymmet ri cal enbodi nent's are discussed.” 'n"one, an electric solenol

depl oys br akeucbaesticibethat fwestisets thy dantiind, @ye therebyredwsat thefdatdpnd, €Ttsd oner
is danmped in both directions. Additionally, a wedge cooperates with the
‘shoes to nouh¢ndirerion pestovedgekhs Tre agrgst Shedaerpidgpeigasiibadamping as
t ensi oner ) Rg:. - eqsd iLn_the
| ooseni ng (rﬁ% ){’g"?;?‘? %%g%%@ﬁé@?g%@%ﬁa%&%%ﬁh,?ﬁ%&bé@%lghg.rséa?rég@éosﬂéﬁl?sﬁ%h %tea%fsi oni ng

direction. dumtanat Bang,420, dehgnofltiddesiansedtpbshaliffershi GifidEp8l fvakes a f 1 ui d
path and thereby nodifies the danping. Another tensioner approach described
i n t he 10420leparding upqrsmetion;io the meveablepnriiprs of thestepsiprgr. (Whandae tamsiosen i ve
asymmetri cal . ensi S ' | 0GKi r. switch
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oper at es a&h@ﬂmﬁ@ff@ﬁﬁ%liﬁle&éﬂﬁhﬁh&&b thelfluid AR verhB@landDigte: ddntgingolnebl e partions
are | ocked, causi %t 1e tensioner to act in nmuch the same manner as a
| ocked- centlepseningsiicetien, therfiaid passes haquashta relatively swel @rifisoar ehaseel\afisgng

unaccept abl e _helt .drive system rformance created by inertial forces
caused by tgﬁgaq?rorte%{%ﬁlﬁcge 2}‘rrlégéeagerodfzfi91?5’@%@:‘ssori es and idler pulleys when rapidly
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the engi ne betfhundwiegpripest iatho @0 prisat tn a4 2k tvdactive asymmetrical embodiments are

discussed. In one, an electric solenoid deploys brake shoes. When the shoes are
deployed, movement of the tensioner is damped in both directions. Additionally, a
wedge cooperates with the shoes to modify the force with which they are deployed when
20  the tensioner moves. The damping increases when the tensioner moves in the loosening
direction and decreases when the tensioner moves in the tensioning direction. In another,
a solenoid deploys a piston, which modifies a fluid path and thereby modifies the
damping. Another tensioner approach described in the ‘420 patent, is to utilize a
solenoid, similar to the two active asymmetrically damped tensioners, including a locking
25  factor to switch the tensioner between two modes of 0peréﬁon§. In one mode the
tensioner operates as an automatic tensioner. In the other mode, its moveable portions
are locked, causing the tensioner to act in much the same manner as a locked-center
tensioner.
The ‘420 patent is directed toward solving unacceptable belt drive system
30  performance created by inertial forces cansed by the rotating masses of accessories and

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



alternator causes it to remain rotating and causes the alternator to pul
the tensioner in a direction so as to |oosen the belt [of the specific.
drive configuration depicted].... as a result the drivebelt (sic) slips

...." 5 Traditionally, an electric starter notor is provid d;ng Ln the
cr ankshaft‘%7 foz{zgzgslengi ne so that conbustion may be initi a?gT %@ﬁ'ﬁ%e engi ne
wll begin to run. The starter notor is |ocated near the ledr ARR 2B engine
and is adapted to intermittently engage the rear portion of the crankshaft
through a gear train. Currently, there is increasing pressure to reduce

em ssions and increase fuel 10 econony, by |lowering the weight of the
aut onobi | e, and reduci ng the nunber of under- the-hood conponents. An

approach tdgeelsrationas Brodhesseat gisaarankshafiohthe erginbithe hightrbiational ineriioof the t he

tarter. _and_t he . ' . | tor int i ngl e devi ce,
ot or | geneh GrilisabiS L MERR o Rlind A Bb PRI Gl Brdesi  fef °
econony, tdifctiGeBo & @lofeatiy rst [ohtieYp&iRd &@vé&%ﬁ%ﬁ@@ﬁéﬁ&p&ﬁ?.‘?ﬁ? %j n-idle".

This feature is where the 15 engine is allowed to die when it wou
or di nar i | yresult e drivebeltysic) slipsart ed when the autonobile is expected to

resume smotion._This.feature.substanti-al |y i.ncreases, the . de s pl aced upon
accessdry bel’i‘{ach&?wgiaq#echa%%ﬁ% TR IS¢ %Vlﬂ%{tBtSPﬂZ'h%?rﬁPl&S%aﬁg?&ea%gHmi n
mechani cal soapArBeRibRtdORapbé thitiH@l Sidankefahd will Becld® ik CERS taedgbior fr i Ve.
The notor/generator and associ ated accessory belt drive systemtends to be

‘plraced at lotated nesnthe re@r ofithe ¢ngineragidieadapiadee externpitentiyrapgedrethe gy poeivn  at

ot her locations, jncluding the rear of the engine is envisioned. The advent
of Gen- St af@???‘%#‘?@%ﬁﬂ%ﬁ%?%%mgéﬁgner, of power transm ssion belt drive
systems, to CagentyRisdraitihakadi@preliald 8RefRe eMisiod9hid fRALsCAR] | enge, anong

these, has been t'o devel op a tensioning systemthat results in acceptable
per f orl@ancepndyy,ary loFenng s iight oéthe agtonvabile fead redicingdtbs ntumber afexderevi ce,

whi ch not\H(])n X ffers substanti al Lagad and.rotational Jinertia,. but al so adds
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stated to be an approach for tensioning an accessory be rive
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presence eahtonbileénsipented to Bvime spwainn. This feature substantially increases the
demands placed upon accessory belt drives. In application, the motor/generator is placed
in mechanical communication with the crankshaft via the accessory belt drive. The
motor/generator and associated accessory belt drive system tends to be placed at the front
20  of'the engine. However, placing these systems at other locations, including the rear of
the engine is envisioned.
The advent of Gen-Star systems causes the designer, of power transmission belt drive
systems, to face substantial new challenges. A significant challenge, among these, has
been to develop a tensioning system that results in acceptable performance, by an
25  accessory belt drive that includes this new device, which nof'ogly offers substantial load
and rotational inertia, but also adds large driving torque into the accessory belt drive.
Further, it provides this large driving torque on an intermittent basis.
A tensioning system stated to be an approach for tensioning an accessory belt drive
incorporating a motor/generator is disclosed in the Japanese publication of application
30 pumbered JP1997000359071. In that pﬁblication, it is disclosed to place an automatic
tensioner against the span of the belt which would become the loosest span at the time the



corresponds to the span that receives the belt immedi ately after the belt
passes over the notor/generator pulley, when the belt is noving inits
normal operating direction. The disclosed tensioning system has been
identifiedyasghess than optinmal. To achieve 5 acceptable perf@pigyise in the
.short-tern, both |long-term performance nust be sacrificed, and the w dth of
the belt that nust be used to achieve adequate short- termﬂngrApRnED%e i's

ot her than optimal. Accordingly, there remains the need for a tensioning
systemthat provides, at once, adequate short-term perfornmance, adequate

| ong-term performance optimzes the wwdth 10 of the belt that. may be used

f i li.cat t and conpl exity. S f th
| nvent ] on YRRt Bt dut Y a BatonEe of BR Qi SRR an
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conbi nati on of short-term performance, long-term 15 perfornmance, and
opti mi zes Ibelor/gersrasor puley, When thedsbns mowmingnt ito notee opsrating dirtdtien. obj ect t he
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i ncluding a | ocking facétor in conjunction wth a configuration t
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achi eve t @[‘ (%%eg%h'n%ﬁand ot her objects in accordance with the purpose of
“the prese as enbodi ed and broadly descri bed herein, an
accessory dr ia¢gorgi eré oa%,gg rein. The
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pull ey, the accessory puI | ey, the notor/generator pulley, and the first

belt tensioner pulley. The power transm ssion belt has spans defined by
term nations proximate to each Slﬁnmlasrcﬁ"@hqshivhm;’m These spans i ncI ude

i nternedi ate ans begi nning at th nkshaf.t pulley and fqu at the
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include a first internedi ate span having a cran
15  performance, and optimizes belt selection.

The present invention has as a further object the provision of asymmetrical tensioners
in conjunction with a configuration that further optimizes short-term, long-term
performance and belt width.

The present invention also has as an object the provision of tensioners including a

20  locking factor in conjunction with a configuration that further optimizes short-term, long-
term performance and belt width.

. To achieve the foregoing and other objects in accordance with the purpose of the
present invention, as embodied and broadly described herein, an accessory drive system
including a motor/generator is disclosed herein. The invention is an improved belt drive

25  system and method, for a power plant. The power plant is af the type having a crankshatft
pulley, an accessory pulley, a motor/generator pulley, a first belt tensioner, a first belt
tensioner pulley, and a power transmission belt trained about the crankshaft pulley, the
accessory pulley, the motor/generator pulley, and the first belt tensioner pulley. The
power transmission belt has spans defined by terminations proximate to each of the

30 pulleys. These spans include intermediate spans beginning at the crankshaft pulley and

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



term nation proxi mate the crankshaft pulley and a | ast internedi ate span
having a first notor/generator term nation proxi mate the notor/generat:or

pul l ey. The systemis inproved by the power transm ssion belt also having a
start - sl aglgsjhegSpan beginning at 5 the notor/generator pgirhgyisdred | ow ng
the direction of belt travel in normal operation. The start-slack-side span
has a second notor/generator term nation proxinmate the nn@dr/A&anﬂétor

pul l ey and a downstreamterm nation opposite of the second notor/generator
term nation. The system has the first tensioner pulley proximate a
termnation of an internedi ate span not being either the crankshaft

termnation of t first ,.10 nmotar/,generator term nati on.. The system al so
o n oot Qe ol inl e R PR R T EER Rt srea R Tias AERlBE | by 1 of
-Descri pti epm@fatibh Groiite BgScrAehas ggl | st R eMh DGste smrﬁ%gﬁeqxstke

I

incorporated in and formpart of t 15 specification 1 n whi

numer al s dwéirgentretor torminsdion pro}imhigshe motorfyendrator pdleyefedystemis of t he
-present inventipn and together. with. the description, serve to explain the
Pt i ol ol eBSgPvel BR pahPr BHsfiss it th as A Rres S P S spm s e ona |
repr esent feliiloRferlrathr¢luBey SB16WRRhIER ctBh o Belt AERE RS halGetardhi Ve system
configuration including a notor/generator. 20 Figure 2 is a éetall of a

t ensi oner Thestait-skpclarde spin baspr tend mdtoa/gemsstor terbmhtiomproximatessthst em i ncl udi ng

a notor/generator.. Figure depicts a schematic representation of an
“al ternat gmﬁfoé%@‘?r@tar : %Mdpwﬁe% teﬁ’&%ﬁ@%%@@?ﬁﬁ%@@yst em
conf i gur a0y ekRcthidPiendiRtiBR! Thé SRAGK BiGhe ARl WHRné @reggg%@fgé 20f an

alternate tensioner formng part ‘of an alternate pr accessory
bel t dri vemipstiemof anchisdinedjate spat not/bgingerithtothe cfangsiag t&misat@ndetia firsof an

alterpate tensioner form part of an alternate, preferred accessory belt

drive yspgfﬂr/?gﬁ%qrﬁfa{ Wwaﬁg?'oﬁl%@'ﬁ%%@ﬁ? has g-5egondtepsipRer FUlgYRIRXEAkGr am of a
control sggrabmbadah: teFh@dfien. 7 1S a detail of an alternate_tensioner formng
part of an alternate preferred 30 accessory belt drive systemincluding a

notor/ generator. 7 WD 02/29281 PCT/US01/3072 0 1 APR 2005 Detailed
description of the Preferred, Enhodi ments ef erred enbodi nent of an
accessory ‘belt drive syst en%ﬁﬁbﬁﬂﬁ\mw@&%ﬁir e 1. It includes
mot or / gener i@k dgnpaihihg ' SGREeE, 3i1Eh AY liﬂd%)ﬁ)o]rfted RPWMRIfoith B5% bfie Pump pul | ey
15  specification in which like numerals designate like parts, illustrate preferred
embodiments of the present invention and together with the description, serve to 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.
- 20 Figure 2 is a detail of a tensioner forming part of a preferred accessory belt drive
system including a motor/generator.
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
25  accessory belt drive system including a motor/generator. - | _
Figure 5 is a detail of an alternate tensioner forming part of an alternate preferred -
accessory belt drive system including a motor/generator.
Figure 6 is a block diagram of a control signal path.
Figure 7 is a detail of an alternate tensioner forming part of an alternate preferred

30  accessory belt drive system including a motor/generator.



18, air conditioning conpressor pulley 20, water punp pulley 22, crankshaft
pulley 24, 5 first tensioner 26, first tensioner pulley 28, second tensioner
27, second tensioner pulley 29, and power transm ssion belt 30. The
portions transm ssion belt 30 that would otherw first
tensionerog%ﬂgﬁﬁé%cond tensi oner 27 are broken away. While§§g§§§?%@gz
accessory pulleys in a specific geonetrical arrangenent arg ngBcgmg, it
shoul d be recogni zed that the instant invention applies to Ja u unbers
and 10 conbi nati ons of accessories and geonetrical arrangenments, including
bot h serpentine and non-serpentine configurations, depending upon
application. The configuration depicted 1is serpentine. Thus, power

transm ssion belt 30 V\Dllaeﬁﬁlﬁﬁlrﬁeﬁﬁﬂmlp(} obthe Srefemed Empodimentst ype. However, the

-invention can I i i Lan. o | l,bel{ types..Further,
this depioctid RLAELh bkt %m%e?%%%és?g%ﬁggféﬁ%eestyéé%le‘?isld%m#e@ﬁ Fighth

accessory hehdludbsivstod/perystbLIn, haotbiigensiatdr ipplley bEpbeer steinfuay hake! ed

"belt travel" indicates direction of belt travel during norrmal operation in

bot h gener ab-@irfeadsioaing semaessonpulley 28, WelthBIRRRIH{eY 220 prgnicshatt putley 24.ai ned
by po t LSS el [ in.t S irecti.on _as,belt
Y abor® o FATRALRLON, B oot il AKEALN LG ST LR SR BT,
travel . 2029/bvd pgweotashlieasn bélase.i Tig piticlsafkeRal ttanstlidsRy béft,30ahdti r st
internedi ate span 32 covers the distance beginning with a term nation at

‘the | ast poPhld adieryisstobeturp drstdensionsr nshednd tpnsidney 27 arednokepasy .

transm ssi on t 30, d j i.ih a termnati.on at the , first. i nt of
contact bet vve\g%lletts S ‘Sﬂag?esggﬂﬂe@ e%%me?nsg?mﬁ%ﬁ%c?met %arl.%a%gsepgﬁt %rgldl%p]§8€%|’A | ast
i nt er medi aj eh&ifdd Be BogRYEl that He ifkitsi: aNeLH QLPpIE 8Fadbud Menbeasindd0i Nt of

contact between 25 tensioner pulley 28 and power transm ssion belt 30 and
endi nglCat ¢dmebinations op a¢asssosies dadh senitetricsl amergsmegisiaciidiog both seagentine and power

transm ssi elt .30, .| ey .e_added, ;. iC ntact _either first
i nt er medi a]il)en 'SE? i Uggcgéﬁg"%@t‘én%hﬁeev\réﬁn&e]ﬂg §P°e“ aspﬁg%avt\gﬁ; H‘ggg?rﬁi?%ﬁ%tfon °RI%hedi at e
spans woul ig sépentide. Tk gtever tihamhissish Belk36 vdeldR@nard§ beRAfts -HiBbel shance
from the PBOI nt of contact w th notor/generator pull eé 14 to the point of

2

cont act wi Hpwewsothe irsGntien sibbrepragifer eythabe inglugion ©f A1 928 typeeTFWEEL/ 8752 0 1
APR 2005 The.direction,of .torgue at,not ener.at or | ley .14 and at

C ankshat toogintioB s ip R 5B Vi Mo AR LR BRNRY Sy kst et 808 0
accessy y feleln KHvingemsiipleprikd, as indicated by the arrows | abel ed "start"

and "generate", at each pulley 14 and 24,
The arrow labeled “belt travel” indicates direction of belt travel during normal

operation in both generate and start modes. To move downstream, along the path trained
by power transmission belt 30, is to move in the same direction as belt travel. To move
upstream is to move in the opposite direction of belt travel.

20 Moving downstream starting at crankshaft pulley 24, a first intermediate span 32
covers the distance beginning with atermination at the last point of contact between
crankshaft pulley 24 and power transmission belt 30, and ending with a termination at the
first point of contact between tensioner pulley 28 and power transmission belt 30. A last
intermediate span 34 covers the distance beginning at the last point of contact between

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

30  tensioner pulley 29.



respectively. In the generate node, crankshaft pulley 24 supplies al

driving torque. 5 Water punp pulley 22, air conditioning conpressor pulley
20, power steering punp pulley 18, and notor/generator pulley 14 consune
the drivingdeyfays W th nminor  consunption by first tensi ng@%&,ﬁy 28 and
second tensroner puIIey 29. In start node, notor/generator ? %ﬁ?

supplies all driving torque. Crankshaft pulley 24, water é@ I 522

air conditioning conpressor pulley 20, and power steering punp pulley 18 10
consune the driving torque, with mnor consunption by first tensioner pulley
28 and second tensioner puIIey 29. Cenerally and regardless of node of

operation, if t were a tha ach of ul.l eys | | to rotate
freely, tensi lﬁecé‘\?é*r@%%fﬁ%a‘%ﬁa %*Ef%tﬂfem@gﬁé‘* g2 %1‘%‘/' g?fﬁulf) si on.
Static te“§é&?se’s%eﬁ%ﬁf@ﬁrﬁth@?n&d%féﬁ%r&@o@ﬁ%’cbé%r&‘Bel@ﬁi’i’% S}Isfeﬁf“?@“és' on bel t
30 by 15 either first tensioner 26 via first tensioner pull'ey 28 or by

second t ensidieated By thei aarayesclobrled isléa:rﬁlamdé‘geqmnatbéytt @ehpeligi Khatd24, engt hen t he
di stance power tran sion helt of the pulleys.
Nor ral 1y P Sfsgectyel 1T e ERirAe e, b2 sSppks Al EeE oner 26
or secogd teRsi ABES p &Yeypﬁp\ar&%dﬁroaﬁg%ornefbégd\%@ug%p@mgb%g=r of

accessory belt drive systém 10 operafi on ver 1) acce sory belt
drive syst erﬂldbol&@nvlmﬁor/gcrarahmpmluyrﬂm ronssgiths dritdngiongueptvitbamihor i r st and

econd tensi oner d 27,. re ely, non- exi stent eijther, because
'gf conf i gu?‘léf%si“B’rPt‘BP%P'aﬁjFét eOH P ?‘g 4 dl %’8‘&%8@%% Pé:lfg'r ;% St'&ﬁdn%l? wer gs
reasonably rﬁ'&&ﬂ/%efﬂéﬁa@&ﬁﬁﬂley ! 4’%51{71511%5 afl dhk)ﬁzgtt&@m O@{fﬂ'%seh ﬁm@y SAG&G

provi de, then the quantum of atic tension resul tan t he.

- tensi on supplléezl, layrctohélti‘anngtcoaquressmqmﬂdyﬂ@mdquomssteeﬁlr@rpmn@mﬂleemng an
equal nsron 25 poi,nt. However, when torque. i I|ed nd,consuned
byt he G ar PoRRue BF Hayine GHIy L HOGE COBTTIOER BY T s GPet RFE 87 25hon s

when the ag&gﬁgggngmg@}% viae system 10 is operating, the’tensl on in each
span is nodified. In the Conventional or generate node, crankshaft pulley 24
and gener at e- (ﬁa;rgkﬁllysarrdlereg&phtas 68msdml dpemtibhdf dviere apguhed thateagshdfthe t he span

with the gr est re ctive 30 At each, .span upstr.eam of
Conor ot o- L PaRRSa diSesL Haiste BEE psianin ootk i Sroanu Besaie 1l Tft
reduced bytd ey efsfcafﬂ%ttex%flor?ﬁ%b Ee@ﬁlﬂb‘ﬁh@%&é’ﬁ&%ﬂ?ﬁd?& év%f thaHERdiish 6&1Y3@B§3C6d| ng

9 WD 02/29281 PCT/US01/30752 0 1 APR 2005 e spah. Mdtor/generator pulley
14 pr e$®nt sitdrdirgtemi@str 25 vadiirst fensiomir ppbse2? or bgmowmﬂr tagigner 2hwial saugldst

g 11 erence | n Lo i Lol oad ngr Ll SRpest s MICh B0 T OT
continues {:Qvel about all of the pulleys. Normally, and as will described later in detail, either first
tensioner 26 or second tensioner 27 provides static tension depending upon mode of
accessory belt drive system 10 operation. However, if: 1) accessory belt drive system 10
20  were in a non-running state; damping of each first and second tensioner, 26 and 27,
respectively, was non-existent either because of configuration or time; and first and
second tensioners 26 and 27 were reasonably well balanced in terms of the tensioning
force each could provide, then the quantum of static tension would be the resultant of the
tension supplied by the first and second tensioners 26 and 27 seeking an equal tension
25 point. However, when torque is being supplied and consmﬁed by the various. pulleys, of
the accessory belt drive system 10, such as when the accessory belt drive system 10 is
operating, the tension in each span is modified.
In the conventional or generate mode, crankshaft pulley 24 and generate-tight-side
span 38 supplies the driving torque and is the span with the greatest tension, respectively.
30 At each span upstream of generate-tight-side span 38, tension upon power transmission

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



the point of where first internediate span 32, with a term nation at
crankshaft pulley 24, 5 has the least tension. In the start node, for the
enbodi ments depicted herein, notor/generator 12 supplies the driving
torque. L i medi ate span 34 is the span with the gre jon. .
First inﬁgp#%g%gge span 32 has tension only slightly redug%ﬁé%gﬁﬁﬁéfsnall

| oad presented by first tensioner pulley 28. Unlike the gengrahﬁ node,
crankshaft pulley 24 presents the 10 greatest |oad. Likew se} k Rlaﬂﬁest
tension differential, due to load, is between first intermnmediate span 32
and generate-tight-side span 38. Traditionally, optimzationis viewed as a

function of sequenci ng@;tqhe varjous, | oads and placenent of the tensioner, of
the drive fgspae. Meforlgerengtor pulley 14pesepisihe gisatesidpad, i most gapest he gener at e

node is s il j fs I t imzes in the start
mode. 15 15 TROUELR A ferifShoc b ke, MM lod S Bt RS whinboFre
f undanent afrostestargslack-sids ispiar 34 fodss imdraiedible speh B4WOIERL( GemdaakyntdrRoted by
nunber of ribs) and type selection related to torque anticipated to be

suppl i ed aR® POGK S vegTe fstintepmediaty span 32 Math@rermiaption 3termukshaficowisy 3, t hat

whi ch re i .fhe belt or components of the systemto the point of
r educi n%g tﬁ%etg%gta%ﬁr}gﬁléig of either below an acceptable term and above the 20

poi nt where Unaecept abde, ot ihepagedizegistipicldehen, mel/Eenttdsi plivde
selection affects useful helt Iife. Al so, there is interplay between these
“two fundanbsdaivingderdys. dastdntgerediatespan 34As hempemwith fesgredtost tansionadisstsor y

belt drive, syst desi [ f.Sc: i. M oth,of, t he considerations, in
Vight of  cBlmediglespal 32t {fﬁ%%‘ﬁm)%@?%g@@ﬁ?%egﬁ the sl load presentbd by oh g
t hrough nefiispiehsibh&@pudiey DRNYnUROME kEhetatd RtbdBRdAMlisBAft pallBL RESnttgwn  to
those of ordinary skill in the art. AnDn%bthese i s arrangenent of the

drivi nl§ angreatstiloash Tpkewisg.ghelasgegt tapsnn dinerential, deg todetrdbiis papwepnefishich

ts. Dri t h t . d
CGirrieu PR EARORE I ke B H AT TR A TR PR RN 2t on.
The-root ofiewb@aslh filricoh bf @udrcd theivdrivs ias anBpiatdiadnt biheRetsidies, ofhi ch

supply the driving torque and present the greatest |load and inertial 10 WO
02/ 29281 FEFAUsOlysoy F2s ernibespsr, 2005t thatppéimires iditlfef ganerate Medreisdi ng upon

node of operatiQ =l T h | arger..iperti.al torqgue, | gads are presented than
nor mal | y esﬁl@%ﬁﬂtt‘ag{'ye Fﬁngﬁ%%r?@@%“?@ﬁg‘fptﬂ?lr"?fe“?%%%{ﬂm’“ﬁﬁ-e | ayout of the
depi ctigd pref@ieadneeiRdalmRbdsssy dkilbed BBl HvORstait RS HRaLaSRAdEsighel t drive

system 10 in certain apf)l ications for the conbination of nodes, particularly
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 system to
the point of reducing the useful life of either below an acceptable term and above the
20  point where unacceptable slippage begins. Further, belt width and type selection affects
' useful belt life. Also, there is interplay between these two fundamental design
considerations. o '
A constant goal for the accessory belt drive system designer is to optimize both of
these consideratiéns, in light of cost and complexity concerns. Optimization is
25 - accomplished through manipulation of many geometric and mgterial parameters known
to those of ordinary skill in'the art. Among these is arrangement of the driving and
driven pulleys based upon inertial or other torque each presents.
Drive systems that include a motor/generator present new and difficult limitations and
heretofore have alluded practical optimization. The root of the difficulties lies in the fact
30  that the pulleys which supply the driving torque and present the greatest load and inertial

10



5 when coupled with first and second tensioners 26 and 27, of the design and
construction depicted in Figure 2. As first tensioner 26 is of the sane
design and construction as second tensioner 27, only first tensioner 26 is
depicted in Figure 2. First tensioner 26 conprises first tensioner pulley
28, mai n piku®byHs1 danper pivot 42, danper arm 44, danper rehrasod&y7sdanper
race 48, biasing spring 50, ratchet teeth 52, 10 pawl 54, pawl pivot 56,

pl unger 58, sol enoid 60, and conductors 62. First tensioner @duﬂPRyﬂ@%,
danper race 48, ratchet teeth 52, biasing spring 50, and nain pivot are
supported by tensioner frame 64. Biasing spring 50, in this enbodinent, is a
steel coil. Oher resilient nenbers, including elastoneric or pneunatic

menbers, c RN : ' i at exhiasi i be not ed
that fi rstq?rgﬁgi oner 2??@&%}12%%&%2?%@” rsartl?%rlg |?1’tlgl|"@5r%g:|}eg¥géwsfﬁ%en 32 and
l-ast i nt er fedisarepspatedidan [eenliy et@natepsddn apohieeyiord drive spdtased at the

term nation of_ s art-sla%-side %gan 36 _opposite fromits termnation at
lep I

mot or / gener at &R ByPytoy th wed P pt significantlyypptisizes gcsessary be
operated i [ : [1.6 Fi gure
) onses 1l ChHES SIS 19BN AL PRORARL orihatdmliRin U BRI L0 o' &

separat 8 eldehrcoopled sithifit and secehdyenspees R6dnanytdfke dhRmidebAgaRasat or 12
receives el ectrical . power t&rs\?gegi_n to drive accessory belt drive system 10,

or can be F&pitedfin KIBUERH oD DSIgReTA00R Ok thesame demgreandeqomsiructionias” conmonl y
found wth f . e signal that is
produced beéé%gé&%%%é%i’%@g%t%%g%%gbggsl%ﬁgﬁéoﬁ&%?%ué%%or 68, which can be a
variety of elBesttémhnecld euipried rspeasiess puléy 28)endsh givat 4@rdmpeksvoi42
conpatible with first and second actuators 70 and 71; .The el enents of this
signal pat HABREr #BxYL AamRY sheshifo JamPe lapptfh binsingspring S0.gpighelitegsh 62essor .

i 1119 ¢ REVLEP SoPERPE RN sl h 88, ha R lRRtR M RBR, oorred

enbodi ment pulengs,idempersatet8) ratcizOtecthatd, bisipk uptes SGandRAICHNOMT QS 62, for
each first and second tensioners 26 30 and 27. Wiile the preferred

enbodi ment SERASEIEABY Sansioneisiearsg 66| Biasing spmings3Qyimihis embadimeny; isstepraiR/ 29281
PCT/ USO1/ 3 : 5. f i cal
R e TR S T e

hydraul i c, neu S, FOCESSOrs,

al so envi stopredide\dptiy Ateshigsiag. Tt vilpBsaedd tiat Sat eagibaer®,is blactdbdrasaed Vi a
conductors 62. Solenoid 60 reacts to the signal by raisjing plunger 58,
causi ntp paiiFst G8emmediate snas 331366 lashiatgrmpdisistspae34. 55ecend irasigasrmulley 28ifyagi ng

pawl 54 w }:)ﬂcéc%tqﬂee{erﬁdﬁ%{i B BPstarB50k-S8e gp%ﬂfBiG%%Eaggfe #did 8 tehnination at
motor/generator pulley 14. ' o
When accessory belt drive system 10 is to be operated in either the generate mode or
start mode, mode sensor 66 (Figure 6) senses the presence of the particular mode. The
20  mode sensor can be a separate.electrical switch or relay operated anytime the .. . -
mofqr/generatp_r4 12 receives e}_ectriczil 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 r.ﬁotor/ generator. The signal that is produced by ﬁlode sensdr
66 is passed to signal processor 68, which can be a variety of electrical circuits to process
25  the signal and make it compatible with first and second actﬁatqrs 70 and 71..The - .
elements of this signal path and associated components, mode sensor 66, signal processor.
68, and first and second actuators 70 and 71 are known by those olf ordinary skill in the
‘art. First and second actuators 70 and 71, of this preferred embodiment, comprise
solenoid 60, having plunger 58 and conductors 62, for each first and second tensioners 26

30 and27. While the preferred embodiment contemplates use of electrical signals, sensors,

11



second tensioner pulleys 28 or 29 can ratchet in the tensioning direction
but each is restrained, or |ocked, fromnoving in the | oosening direction.
In the generate node, first internmediate span 32 and | ast internedi ate span
34 carry voazhesst tension. No signal is passed to first agu@siesto7sd.
Accordingly, pawl 58 and 10 ratchet teeth 52 are disengaged, as depi cted.
Thus, first tensioner 26 acts to place the static tensiof f@PR hgjsentire
accessory belt drive system 10, downstream of crankshaft pulley 24 and
upstream of notor/generator pulley 14. Biasing spring 50 acts to bias first
t ensi oner puIIey 28. \Wen all owed by condition of power transm ssion belt

30, b|a5| rin 0 causes 5.t e di stanced spanned by biasing spring 50
to | engt h °Ce I %‘Pg acCHIAtoLs, IS @qeby%&ﬂﬁqce%ndz@eu@éﬁﬁﬁgﬂéﬂ SBYSOFensi oner

frame 64 rﬁy&g%% aﬁ@%&aﬂ&% é}eﬁls\ﬂ%hvi%%nbc'i‘ the cl ockwi se and tensioning
direction’indicated in Figure 2. Biasing spring 50 causes danper arm44 to

press danper Wkoe s@lahgqnamfﬁ tdaolpesidbaceivisselitvid bendvetors 62. rBalerdolec®| ockwi se
notion in %ct] |g_r§gvmthth geonetrical relationship of main pivot with
danper pi VBA°'%I8 by dAisine RIuREET 26 RBSIAB DV LY LOKRIatAIRERAV PAYRSSP shoe

46, gixin t %&rﬁp& r to
subt ragt gcr) gﬂr%%;hﬁ Q)gl asing %lt§4f$%%g%§%§?§n%?%%fg Edn%h&’&p eglst 0 power
transm sswmonbed:nsm’her p\hid:aye\Zﬁro,r 26 len edtdekin the termiomrmreaﬂ@h butehc&i isonshi p of

pi vots 40 and, 4% tg | essen thﬁjém’lt' ng force of shoe 46 with race 48.
Thus, t he "SREAPCA P‘F A TBOY1BE & e doRRRRS HiTERion: ensi oner pul | ey 28

r evol ves | nnfnb géle}ﬁ Rl ﬁ]%t B ek a.ry\ﬁﬁgn{i Fé.eat ﬁng%x%te&fa&%gvo%ve 0t he

transm ssi o OI’ ces fiIrst ten ner

| ooseni ng it least tansion. Ny sipral sqratsed tcbﬁfstﬁmﬁterm oxtdﬁdinghy pavalsiSngdspring 50,
t he c%nt ercl ock e noyenent and, rel ationship mai n_and dapper pivots 40

and t &iehet e ysdbsengagedats drgistest dehss %h@ésmﬁef\%taﬁtsrt%té@cﬂﬁle Thus,

darpi 19 1 sl LAt SReASRL RN ASEA0TS BULBLAR RNRLNES L1 Lhe
friction tpelds24 mdagdtrtamtoli endtordgeinagitdripatley 14.SBidspShang 50 petk toehia?Brsappl i es

to power transm SI%E belt 30. Correspondingly, a signal is passed to
second ac{SFao8Fr e signal to solenoid 60 is passed via conductors 62.

Sol enoi d 60 ‘W‘B W{%H’o‘}/éﬂ IB}‘S’on'%h@cg%fa;ﬁ&séveEﬁhﬁéu\%?m&H{l 86 b?émg s‘rB Qc%% 54 to

rotate about pi vot® 56 e€ngag et teeth 52.
15  the dlstanced spanned by biasing spring 50 to lengthen. In tum, first tensmner pulley 28

supported by tensioner frame 64 revolves about main pivot 40 in the clockwise and
tensioning direction indicated in Figl'n'e 2. Biasing spring 50 causes damper arm 44 to
press damper shoe 46 against damper race 48. At the same time, the clockwise motion in
conjunction with the geometrical relationship of main pivot with damper pivot causes

20  damper race 46 to move clockwise under damper shoe 46, giving rise to a damping
friction. The damping friction tends to subtract from the biasing that first tensioner
pulley 28 applies to power transmission belt 30, However, the clockwise movement and
relationship of pivots 40 and 42, tend to lessen the mating force of shoe 46 with race 48.
Thus, the damping friction is lessened when first tensioner pulley 28 revolves in the

25  tensioning direction. " ’

When the condition of power transmission belt 30 forces ﬁﬂ tensioner pulley 28 to

revolve in the loosening direction, by overcoming the force provided by biasing spring
50, the counterclockwise movement and relationship of main and damper pivots 40 and
42 tend to increase the mating force of shoe 46 with race 48. Thus, damping friction is

30  increased when teﬁsioniﬁg pulley 28 revolves in the loosening direction. The démping'

12



Second tensioner 27 acts as an active asymetrical tensioner. Wen so
configured wth this |ocking factor, second tensioner pulley 29 can ratchet
in the tensioning direction but is restrained, or |ocked, fromnoving in
the | oosenypg,dbssgction. Wthout the 10 operation of actuapehygdysdensi oner
27 woul d be forced to the limts of its travel and all ow pomer transm ssi on
belt 30 to be trained about the path of shortest possibleldi #PR2805 The

time it would take power transmission belt 30 to assunme this new path woul d
depend upon the amount of danmping friction supplied by the conbi nation
danpi ng shoe 46 and danping race 48. If a different danping configuration
wer e used, .as disqusse the tinme would depend upon the |eve
of danpi ngT5F8Y F@gﬂtoo@fdt @%B’ﬁfpééhatgbﬁﬁfqnélﬁ’ﬁlértﬂ‘%lﬁy ﬁéﬁg\‘FéFOP‘?W engagenent
of paw 5S4 bhtfEldk 42 hol ds second tensioner 27, which in turn restrains
power transm ssion belt 30 to the path along which it was trained just

prior to accéxsmspondelgly,cdrsigmal syssehtd Sechad agugpbatie dThasigind togehapalt 4 node.
Accordi ngly, 20.tensiqn onéac? sory . belt drjve, sysht em 10 does not |essen

subst ant i aIFﬂ’?SWEW GORguGioS QO sacts taihe SigBR Ry At e RivReEhef
asynmmety | cg!rcﬂa 1N B oM R ﬁm?ﬁ@aats's%d*asﬁﬁfgng 1%2\@@% g@;ﬂﬂeﬂe%en

accessory belt”drive system 10, n operating I genet dt e node
accessory flt drlve system 10 is to be operated in the start node, node

sensor 66 (FEigure 6) egies t he gﬁesence of . the start_node. A signal is
‘passed to fi §§‘E°D§6§1¥§éﬂr€f; gets 25 ap aftive gsympelicaligesiorer.u Jfhsh sy onfignesd so

conf i gur ed,;qf ﬂﬁ?focfdﬁ? AR EecBHh k Sic égk Oﬁ@i?}/ ﬁgtcﬁfattche{'mttnf ﬁhﬁpﬁhg ArBGion

direction but T1's restrai néd, om novi n enr ng
di r ect i on.buBiestehitet) st Inked Zrbnmmuvlmghaﬂﬁslobs&nidgehﬁeﬂnm Weitat thdescri bed
above for first ten5| onzﬁg in th generate mpde. As desgcri bed above, | ast

i nt er mddi RAPSTAIGEAQT acuBaE gnsgcpﬂgr haieuig herforgsd tgfhedmmitof 3l el epdallowien
36 Checondttien siantesio BUET) Ppd bl Aot B3l dRfiCnesPh S ICLAR S g oPar

east tension e oper
actuat or 7ine ftho&ldtheW@rZ&ﬁﬁﬁﬂé&dﬁCEEAtUS&&a/a@dﬁﬁZhﬁ n&wﬁgﬁﬂhﬂﬁlﬂ&déﬁﬁﬁl oner 26
woul d beforcedtothellmts aof .its travel and all ow power transm ssion

belt 30 ttwoaéhq%@%e Q%Eﬂpgtﬁ%%“‘i?a?t“ﬁp]&d @h@ﬁp@@bm%@wﬂ@nwb@@éé@a The
time it e 480W4 di H'iugﬁPQEor?fgght%gv& ﬁuégem%]c'ﬁks%d wpath woul d
anpi n

depend upon h anount  of Tiction supp e conbi nation
danpi ng shhben thé tiaredwold ddepandrgoe th8levdl fof Haumgfpfrwle)daa’ppmgdconfl guration
were used, as discussed below, then the tinme would depend upon the | evel of
danpi ng prcevﬁa%ra B the applied configuration.

However, the engagement of pawl 54 with teeth 52 holds second tensioner 27, which
in tumn restrains power transmission belt 30 to the path along which it was trained just
prior to accessory belt drive system 10 being placed in the generate mode. Accordingly,

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

‘When accessory belt drive system 10 is to be operated in the start mode, mode sensor

- 66 (Figure 6) senses the presence of the start mode. A signal is passed to first actuator 70
25  but not to second actuator 71. When so configured, first teﬁSioper pulley 28 can ratchet
in the tensioning direction but is restrained, or locked, from inoving in the lobsening
direction. Second tensioner 27 now behaves in the same manner described above for first
tension 26 in the generate mode. '

As described above, last intermediate span 34 becomes the span with the greatest

30 tension when accessory belt drive system 10 is in the start mode. Start-slack-side span 36
becomes the span with the least tension. Without the operation of actuator 70, first
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However, the engagenment of pawl 54 with teeth 52 holds first tensioner 26,
which in turn restrains power transm ssion belt 30 to the path al ong which
. it was trained just prior to accessory belt drive system 10 being placed in
" the start mwdexndésgordi ngly, tension on 10 accessory belt decyassysitzem 10
does not | essen substantially when the node is switched. Inportantly, this
allows the selection of a static tension, via spring rate of) bi PR 3Gj5spri ng
50 and overall geonetry of tensioner 26, that is significantly |ower than
that allowed by configurations heretofore available, wthout short term
performance suffering unduly. When the node switches, fromstart to

te, i ' 15 71 i tivated. Thi
o T ove: pawt R4 g Le BELd A RREr dRE! U Ao ol @ AELSEOE el o
and pawl 5430 1o tengage abaticthe tpathesfishorfedt gdssibRedifishdee Mhk @& it Aéudnsd urt her

allows first tensioner, 26 and second tensioner 27 to return to the generate
node descr | BT tapapissiorhelt 40 te gestme thippew prtbtwoatdidepsad npomibe aaoonsof70 and

be b i.ct | i .20. f d
Sdd ¢t onal AT hIckEh sloMRYhy BPUntiRdor GRLTR 2 UR3RE oPReBt B, 1t

del ay can bediffetent dimpiag epefigirhiith wére Sh@lad iR SRS w,GBerStE indeRadulfii r st or
second actuators 70 or 71 remamin active for a set tine after node sensor 66
i ndi cat es t4eRend vpps the byvehelkdamping providedtfy theaappliethcadiguritiape may be found in

T e pori odr Epears e Shosint B i 8180, SRS BR A Bhidhe B e

Further, nmde eeRssy pdifercRnsaENDE bel g0 fEthe pRthlongeMtNE wasRRAiHea ekt pEessur e,
t orque upon crankshaft pulley 24, or torque upon notor/generator pulley 14
for det er mitARARFSIOTE WFI BRVE Ay sHsm &8 being placecinghe stow mndes dcrardinglihéatisiamn | s
depi ct i 1. gur 4« Thi i 1.S..& S ) Llor. e i ment
w th e enseslybelane s Ty ETI8UEEEY it IR T BuReh BT8R0 g

127, i ncl udidpgrthatlys thig aldowetedlesiondfiangatipltetsts, $AGpane rale8f bikdinSiprafpd
second danpi ng nodul es. 130 and 131, first and second nai nég%vots 140 and
141, and 140adEyendzgempiry ofitamsioner29othef it sigrificapily lopwer dandhad alevwehBY novabl e

menbers 16 i J: i ) j vots 140
and 141 ar £G0Eutighe HebepRrEBRUEDE Wil e hy B RERE0 LB woflif ) ° 0
second nmai n pWiehshelhodanaitdhbs, fimy saktso gheeragaxhator 70tis ddaetivaledotdr ecogni zed

that orientation of first and second tensigner noveabl e nenbers 164 and 165
Wil bd5reveshuaion 71 isactivated. diismiows prakebtordisenaras, fram raiphedigeth 145 0f AR second

tensioner QUld&¥Pr88hd AP P! el TRt Wb et BFoPRLEnPERASN I 9P fE Blfther

allows first tensioner 26 and second tensioner 27 to return to the generate mode described
above. ‘
- The activation of first and second actuators 70 and 71 can be based strictly upon input
20  from mode sensor 66 or upon additional parameters found in signal processor 68. For
instance, time delay can be built into operation of signal processor 68 such that first or
second actuators 70 or 71 remain active for a set time after mode sensor 66 indicates that
the mode has switched. Further, an advantage may be found in deactivating either first
actuator 70 or second actuator 71 after a set time period regardless of when mode sensor
25 66 signals a mode switch. Further, mode sensor 66 can seﬁée qngine 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 embodimént is depicted in Figure 3. This embodiment is the
same as the prior embodiment with the exception of first and second alternative
30 tensioners 126 and 127, including first and second mounting plates 128 and 129, first and

second damping modules 130 and 131, first and second main pivots 140 and 141, and
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First and second danpi ng nodul es 130 and 131 are of the sane design and
construction. Accordingly; only fist danping nodule 130 is depicted in -
greater detail in Figure 4. Danping nodul e 130 includes cylinder 132,

pi st on 134N0Q¥@§%g tube 136, 10 magnetic coil 138, connectpRgucadoisd2,
.connecting pin 144, body 146, and conductors 162. Cylinder 132 and bypass
tube 136 are filled with rheological fluid 133. In this{ ¢nbpRli t,

rheol ogical fluid 133 is magnetorheol ogical in nature First and second
tensioners 126 and 127 have resilient menbers (not depicted) that bias
first and second noveabl e nenbers 164 and 165, respectively in the

t ensi oni ng 5 direction, ,counterclgckwi se._The tesjlient nmenbers can
i ncl ude t oﬁ?%_?ﬁfg %ﬁﬁ?lf‘%’ag}’a%%m?&ths Sé@ﬁmgg Ttds ‘?@Hée‘{) a%t&ﬁh%ﬂfgﬁtéc‘éﬁd BHeker
torque pr Oﬁi"J@ﬂslrl_gO Re§i k1 eRtaxiEl ced. FHBWDGRL, it }skb%){teﬁgy;l‘atéd“ﬁﬁyﬂz%t Lgyver arms

acted upon by linear resilien nbers to produce torque. Mvenent of first
nmoveabl e nsacbed middpivote Uhdladd t4t mapalo pe vartxial 40 sheuld ive cdrapghized that

conmuni cat ed . connecting rod 142. Nove t of, coppnecting r. 142 20 causes‘
pi st on 1340111‘?5&3?&998% 'i"@ﬂﬁg%‘ﬂlgﬁ@é&onirﬁ?‘_’ CIRERRSFE 4%@86@&3}& fluid 133
to transtuekEdm ehhb BEGRich 3200 MR, 3¢ AP hrPhii Qo néienér§glel dggder 132

on the other side of piston 134 via Bypass tube 136. This ca _
r heol ogi cadndfa%ubder8i8 ondhpbesplahe depjdied.he core of magnetic coil 138.

Ener gi zati on_of gnetic, coi.l 138 vig co tors. 162 i npresses a nmagnetic
1ol 3 poh’ BN AR ORe Foures BT ey AR he 95

Vi scosity t Qr gxgrn%g,} k grpsgﬂ i C1 :CQl I:1S: - Not
ener gi zed,%%%lgiggi %é:P fluai d%?lg?)ﬂggasegns roougg3 ypa?gétéatlg%géai%g%ﬁlﬁg

rel ati vel yFigmreds thampieg modnleel30 iddiudesmplieive 182, pistde i34, bperss hids 136,
relatively free of_ i ng. Howeyver, as coil .1 eco energj zed, the
resul ti’ng m?%P&&%??Qpc\?P%feagmﬁ . BTGB mﬁﬁ,%ﬁnﬁé@n& Yetorg
restri Cti ofg0icyified 130y B HIRABACRlled With thel Rl IQHTB3DYPRSS - L Ube

I ,;,,mlg
136. Ther irect relationship between t tensity of t field
i mpr essed ampmdimérgpthegliogzhl finidild3 1s3Bagrtbrhdodogiad i ddtieg vi scosity.. 15 WO

02/ 29281 PCT[US01/30752 0 1 APR_200 endi ng upon the size.an hape
chosen for b Ha@gdtsaw%f%}on&a% ﬁ@géﬁgw gl v&wanb%(nphéep@%%ttﬁﬂf
essential lpiad de;%@agsgéar{dsr}mwab& bkt ?mmnﬁssreé&@gggé%&e't&smm- The

si gnal pat In Figure applies to this e iment, as well. This
enbodiiSentdizkclionysoateicidckwide. fIhexésiient mgmbershramincirde oraiod sprngshat degr ee
danmping will 5 applied to first and s&cond tensjoners 126 and 127.

Sel ect i Onvc@flv%@épgg&% OF ORfRO bqr of other torque producing resilient members.

Further, they can include lever arms acted upon by linear resilient members to produce
torque. Movement of first moveable member 164 around first main pivot 140 is
mechanically communicated to connecting rod 142. Movement of connecting rod 142
20  causes piston 134 to move within cylinder 132, which forces rheological fluid 133 to
transfer from cylinder 132 on one side of piston 134 to the cylinder 132 on the other side
of piston 134 via bypass tube 136. This causes rheological fluid 133 to pass through the
core of magnetic coil 138. Energization of magnetic coil 138 via conductors 162
impresses a magnetic field upon magnetorheological fluid 133 and thereby increases the
25  viscosity of magnetorheological fluid 133. . ) .

‘When magnetic coil 138 is not energized, rheological ﬂuid‘133 passes through bypass
tube 136 in a relatively unrestricted manner. Thus movement of tensioner 126 is
relatively free of damping. However, as coil 138 becomes energized, the resulting
increase in viscosity of theological ﬂuid 133 creates a restriction of the flow of

30 rheological fluid 133 through bypass tube 136. There is a direct relationship between the
intensity of the field impressed upon rheological fluid 133 and its resulting viscosity.
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mani pul ation of the logic within signal processor 68 allows fine-tuning of
first and second tensioners 126 and 127 danpi ng. For instance, danping can
be selected to be at a very high level, but |less than that necessary to

| ock first or second tensioners 126 or 127 in place, inmediately upon
accessory bald22dzdive system 10 node switching. First or 10 mEwUSW/30BRSI Oners
126 or 127 woul d accordingly be allowed to respond to the @DfeAPF?gg%ge by a
slight relaxation in the | oosening direction. Then after a brief od, the
danpi ng can be increased to lock first or second tensioners 126 and 127 in
the new location for the duration of the tinme accessory belt drive system
10 is in the particular node. Further, node sensor 66 can be nonitoring the

ect v L), ODeBA 0B, the ik i SR I0ePRERNL SN B AL BT I

i nformation e “processe I gnal  processor rgentTy danp

‘or |ock fitosthe poidt sfassadiatle teikdrpefirst drd6c@ite dsidner D1 HLEOIPTIA lage. accessory
belt drive system 10 osci I_Itgéi,on or vibration or to mmc the ratcheting

effect of tH&CsEnalPaliadeniciedn Bisured arpdics ihibis srebpdimeeds well- cBhisf | ui d 133

can al so bg.p &ﬁsﬁtoaﬁdx)taafg'aagmsaa AR Yo, Rt ORq FERGar a%g%ﬁ%'dgﬁp@n%f\gn Lic

pl ates (not depicte replace magnetrc col e gene n and

rel at i @hshipplied enfiistaddecombhensibigrs 02 and 12y, rdakioh ofghode kazges@ad of the
first described . preferred enbodi.ment conprising ratchet teeth 52, pawl 54,
pl unger 5gmagipplation eof 5o legig Wi ghal prosessor 68 alles ipebmingreftfad andt o first or

second tengi 7 -] Xi . th,52. first.or. _second
"noveabl e rr% ﬁgrghﬁéﬁsiéi&%?%lé@aln%y%ﬁéﬁg n%&tlﬁ‘gét%}ecghdaa}mn? Hﬁ%gﬁb@é %Ecrc%e:aotﬂieia ?a
st at i onar yverphigRievel &aipaes thaaltlat nBéegsti tblodk Birst os sevnnd hekioasiads BE M7
specific to danmping nodule 130. Here, hydraulic fluid 156 repl aces

rheol ogi cal Place iprisgiiatelxapop arersPary brihgre pestemil) mpds swittipassirstigse 136, and
conducior S 107 @8BS PIH or 1) RS ASHRBELARALNOER, ELbhG g Sheor  second

IS noving in oning dire ydraulic fluid

156 i s 30 dhangsesy 4 sliyht tdlexdtionet tHedodsetig@ire6¥dd. MiRh afdPa briéfpefivH othe
passageway_ 154, passed check _ball-148 and into upper portion of cylinder
132. Si ncelamping canednerevsy ta baekifisst pg sgqond sesomers 136381 imbemew0 7 APR

2005 rel atyi eNSikani ' ' i 0 tipn.ofifers.little :
danpi ng. V*ﬁgaﬁi#iféit?‘gg}uah%?gn tp%%%césﬁé%}’ @é}%&a&: sg%%rrfod\?lgéﬁ) |{hr? pta'ﬁtlecq%oseni ng
di r ect i-on, mbded rRathe€ riddeisensbb 66 ican bd mbaRekidd BBatpASS orfkitionnf Gfstayd i nder 132
into m nor passageway 150, into the lower portion of nmajor passageway 154

then i1t o seepmstensinnersoh2bomndchd7 dis infogmatipn pas beeprperssedfeignal Bopcessor
relativel yoeSiiRliiigdiPdarty B30 it hn F BHA %198 5HS 326 Bnd Mo Ptocl §ifilo e OF
accessory belt drive system 10 oscillation or vibration or to mimic the ratcheting effect of
the prior described preferred embodiment.
Rheological fluid 133 can also be electrorheological in nature. In such case,

20  electrostatic plates (not depicted) replace magnetic coil 138. The general operation and
relationships remain the same. Further, the ratcheting arrangement of the first described
preferred embodiment comprising ratchet teeth 52, pawl 54, plunger 58, solenoid 60 and
conductors 62 can be incorporated into first or second tensioners 126 or 127 by affixing
teeth 52 upon first or second moveable members 164 or 165and affixing the remaining

25  portions in a stationary manner, respé:ctively. :

Figure 5 depicts another embodiment specific to damping rﬁodule 130. Here,
hydraulic fluid 156 replaces rheological fluid 133. Accordingly, magnetic coil 138,
bypass tube 136, and conductors 162 are absent. In this embodiment, when either first or
second tensioner 126 or 127 is moving in the tensioning direction, hydraulic fluid 156. is

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

ball 148 and into upper portion of cylinder 132. Since major passageway 154 is
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operation of first or second tensioners 126 or 127. Control piston 152 is
depicted as substantially retracted. If an actuator, simlar to that
depicted in Figure 2, is included, control piston 152 can be selectively

ext ended r ted. The description of operation imredpalglky;,abgve
assumes cgg?rogég%l?ston 152 to be fully retracted. If cont;ro? @:Sslt/%% 152 10

is fully extended, first or second tensioner 126 or 127 cghjisppglopmove in
the tensioning direction with mniml danping. However, m nor passSageway
150 is obstructed causing first or second tensioner 126 or 127 to be | ocked
agai nst novenent in the |loosening direction. This enbodi nent enjoys the

sane flexibility of danping, .in the ] oosenin irectiaon, as does the

enbodi nentre&nvﬁi/yglﬁrrgé’ t&ggﬁ%‘gﬁﬁuﬁﬁbqnt?tj&ﬁ’a algpg G‘isﬁ‘gjﬁ ARHE-alVhen fieiar  depi ct ed

“in Figure I I£Sy ] ] ing teeth
gure gchid %agn&qws%&qa%ovwﬁ;hmé%@&ﬁﬁ%g&&%%ﬁg&c i r‘g}tm g

of pawl 54 can each be replaced wth a form teeth faight, as
opposed t oforted foepupperdostam efoxylindet 188 idtb guinat passageiay U0, igto thdliewer | ocks
first or secr%gd %ensi oner 26 0{ ?é in both tightening and | goseni ng

di r ect i on. POTHER hBRIOR BTSS! A aeAit ulorer PR REFYIDGET 1320 ddmof eet h can be

repl aced V‘f?]atégh egayq?gg gﬁ?ﬁﬂ%@%ﬂ%ﬂ?@hﬂg sﬁb’s‘t&ﬂﬁf&ameﬁ.g% gﬁgar&«i @gﬁjg'rdﬁfﬁg%ﬁgm rol

over danpi i ng ed by first or second t hout
bringi ng depepatiog dfdirst lve sgond tersfonksdlRbog 127.t Costrd] pistdret SXiodesiotel ag ed t hat
certain applicat fitted with tensiQners not. having active

‘danpi ng Orsqbg@m%@?rgg%%?p.glg apjaryatop, ST I dhat depicteh &y Figpreds 1sanclydssh cted i n

Figure 7. sof LT i . Fi .
| ncor por at g RSt sa e SRRl ARTIT B e 20k dbiplonSiBERich o1 on
152 is fi Xednedigtelgrabdedssuexnonite] pidtni 16030 bt fdly rassowdtif ceratd pisthansed

t ensi oners, al so be_used, such as th so-call ed Zed . type. First and
second% eﬂéﬁ‘gp}’e‘? enZ’SRaﬁﬁt or pegend tP’éﬁ‘%ﬂqr\}g‘? 0t ol sepsEH move %i}j@é@@mgabove, in

t he gener af; 1Sk = Si : o h on; t j .
Substant! ey og G il ek HEvARAHG: PRSCLERY1 MiBud caing, (1
i nt er nedi afilst @Gespaite@Ronet 126 bel3i @rite lockdd aphing ni®leatentinghe pokehideever sed.
When t he ngz)de,of the s%s em changes frogl s,g_a_rt t o generate, second

t ensi oner @ectian.; Hpis sppbp eRPES e FAme HEYRMINNGE derngs, apiiedoesening

PCT/ USCOL/ 3&%5801?édé%%@h@@@ﬁo&ﬂﬂe%?&iiﬁgm% counter clockw se. First tensioner
26 is concurrent’ly allowed to nove iiits belt tensioning direction, or

cl ockwisse. The sifredalafmiddéaentrshuidaraotist depiced & Figimeeds biso ehvisioasd ultie of
danmpi ng found in second tensjoner_ 27. This novenent continues until second

t ensi oner rotehetdegthed a{l%@emﬁ% t_ﬁ?thiof Bavk \ .ea@z? %@Plaic with 3 forgeoldesthbl i shed
by tensi ongr: £& aik164 HR6HANE th GepiREDAN-EAtheh b ourdR. Actuation then

locks first or second tensioner 26 or 27 in both tightening and loosening direction.
Ratcheting becomes unavailable. Further, all these teeth can be replaced with

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

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

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

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

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

changes from start to generate, second tensioner 27 is forced toward its belt loosening
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lLimt can al so be established by selection of the arc of operation travel ed
by second tensioner pulley 29, such that a md-point is reached between
where counter clockwi se novenent switches from being belt | ooseni ng to belt
tensioning. Once second tensioner 27 reaches its travel é{«?f J
tensioner 8 G%#*1provi de static tension. Wen the node 10P?I:T ﬁéé 1 om
generate node to start nmode or fromrest to start node, thg c@PRepgr of the
above is true. In this configuration, either first or second tensioner 226
or 227 would provide the necessary static tension only after the other
tensi oner had reached the limt of its travel. Al enbodi nents depicted
incorporate some formof direction reversal resistance, whether active,
passi ve, ddingsitieg, orlceurien glogkwisat Eheittensipnendsyistconenrotip rllaGed toansvd ingfson bel t

30 forces ner 27 27 or oosen directi The
present i nég?f@% Ghgetdp. Pﬁél%glgw lﬁ%efpgﬁ‘ﬁ%ﬁgﬁ%rﬁ%veg?eﬁdgw%gﬁé’émd by

si gni fi canthe a@RfuhiZdiniing &funtGR gecbBd féhﬁBﬁer@hO"ﬂhistrﬁéx@n%'i E&Htiﬁ%@sﬁ@nﬁ@h' l'e, at
the sane tinme, substantially mnimzing cost and conplexity. The foregoing

descri pt i osecanditensipuer7arenshss dredisait pbitt Eavst. t he pr esent i nventi on have 20

and ol er natbdTuh AU ST U SRS aPe i sPickp i e B Bk e

foregoi ng 1;8aseh hRb berstablidhBe by @M@éﬂdn%mesar%%ﬂ&ﬁmﬁ t%uéd byRedpat the
scope of the invention is to be limted only to the claims as interpreted in

‘vi-ew of t htengionespublext 29, Muclethaba mid-peint inresvhedbetwictn wheneabimvet glockiveisd osed

her ei n sui t abl Lce the a ce of .any.elenment, 25 which is
not speci fPR4F qgipqa%étgfe&% hglfne ﬁit Tée%nﬁpo}ﬁ%t - 2PREE SeCond tERYIQNCE | v
system f 0r2ﬁreﬁ&i’é§'its Raoalt B, fildetehdRR b@wum groaﬂders@ﬁies&?sﬁ&n Phihhe fdle
accessory pulley, a notor/generator pulley, first belt tensioner, a first

bel t 10ensthanges fouh lgeeratamiode tp@t&érmcndeaméirmssﬁn stmﬂ mhods, iemedvaboottheai d

kshaf t Lle i.d ul | d / l ey, and
S i roretelp s e 1R PEEERREY Bifr 6 prtors ERSR YRR BE BRI Py spans
defined bysrobiak M REEQRS MtRXEABRELOALP 28RN %eﬁt@hﬁoﬂ%&' hh@ye%chedrtﬁé uehitn

i nternedi ate spans beginning at said crankshaft pulley and ending at said
ot or/ geneitsiravel. paill lempodimdritodépigied ineomppratacsonmrfonh obdir¢ctionagweksal n nor mal

operation havin nation_ends , and f din & first of said
i nt er medi aFF%‘St'SB‘an?% @\7{ AGE» E%S&WE:S%HPP& Oéi"r‘l‘gr?éﬁng‘? naq‘b' rOX PYE sai d
cr ankszaf ty dldi@¥naRlt 3 forkh tdkionadsd7] MM, @26@912#1% a b2R3DSsehRY dRGctiorf 1 T St
nmot or/ generator term nati on end proxi maf e said
The present invention found in thie described embodiments accomplishes significant
optimization of long-term and short-term performance while, at the same time,
substantially minimizing cost and complexity.
The foregoing description and illustrative embodiments of the present invention have
20  been shown on the drawings and described in detail in varying modifications and
alternative embodiments. It should be understood, however, that the foregoing
description of the invention is exemplary only, and that the scope of the invention is to be
limited only to the claims as interpreted in view of the prior art. Moreover, the invention

illustratively disclosed herein suitably may be practiced in the absence of any element

25  which is not specifically disclosed herein.
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not or/ generator pulley, the inprovenent conprising: said power transn ssion
belt also having a start-slack-side span beginning at said notor/generator
pull ey, following the direction of belt travel in normal operation, said
start-sl ack-si de span having a second notor/generator terr@qam‘pRn @g
proxi mate said notor/generator pulley and a downstreamterm nation
opposite of said second nptor/generator term nation end, said system havi ng
said first tensioner pulley proximate a term nation end of an intermediate
span not being either said crankshaft termnation end or said first
mtor/&lﬁ@—sator term nation end, and said system having a second tensioner
with a second tensioner pulley in contact with said power transm ssion belt
but not pdox ket drive systen & peiveraians of thef typahaving e erambshafitpullspams; one of
said first aersseyandey.ehshanegenetatargpligsy arfost belalténsidnemsedirstrbelt  direction
t endi ng t o denssmes pileypendra powers rissiisipnbbdlt thmebebomdsrid ctapksiafin; sai d
asymet ri calpullegsdaith ateebsogy tphHty, biagls imogratnaatbepelleyt, hatl dail figst rozite t han
t hat provi daehsiynes pilleg, rsaide poivasi tigsmiskion Bt elidvalg fspikesleindd 1y upon sai d
one tensi oneemddliont préEmaicOfeEachUb €3id FilleysCSAclLdIAR INRERSHAE ¥ph Over come
sai d spring YegifinBi A4l cafshi® Wulled RRA %Qar ea@@afdom%y@@ne%ﬁbld lidySt
tensioner pubfi&yin %ermye%uwopbélma{v%ﬁﬁmgm ratn%g%g %ﬁﬁhbl@@ndsand that
bi asi ng thatan e érsl Cl QSR &?of%ﬁl‘a k&fn' I | Pdrfihsal
resistance, %Qatl%gl def))f(g)} A ast ofd;auf'mte en&l ner and its
BS

t ensi oner pu CONne _sal spring

rate biasi ngg n%o Oréggﬂfé%tog e&m]lr}apértl teg‘%s PEREPABu ey to nove
in a decre ‘?ﬂ'ggaﬁlgﬁaforlp e IH’IpFOé’E’PFIE)r‘r‘DmQQFIBgdl rection reversal resistance
is intermttently applied in response to the o eratlon node of a
mot or / gener at o?a“%/ ROVreICFRIMEsaIon sHAlse Rexingonstaitslack-side gparobesimirger at or
pul | ey; said i nt &pighi mprigerfiratec ppley, rféU@Wlélal the edifestiomed brdi trgvelaind fir st
t ensi oner bei ng ndungedorstatians i said ditantpslend-sidey ebpann hdvingleer egeindg bel t
t ensi on di rect i omal@/@ndraiiPRe2@itBionher pakinatotsaid/ petveigatenator pultgyer ati ng i n
a notor node andasdi ¢ fdowedstream termination end opposite of said second
motor/generator termination end,
said system having said first tensioner pulley proximate a termination end of
an intermediate span not being either said crankshaft termination end or
said first motor/generator termination end, and
said system having a second tensioner with a second tensioner pulley in
contact with said power transmission belt but not proximate to a
termination end of said intermediate spans;
one of said first and second tensioners 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
one tensioner and its tensioner pulley are less than necessary to overcome
said spring rate biasing and would thereby tend to cause said first
tensioner pulley to move in a increasing belt tension direction, and that
biasing that results from spring rate biasing and direction reversal
resistance, when said external forces acting upon said one tensioner and its
tensioner pulley are greater than that necessary to overcome said spring
rate biasing and thereby tend to cause said first tensioner pulley to move in
a decreasing belt tension direction;
said direction reversal resistance is intermittently applied in response to the
operation mode of a motor/generator in mechanical communication with
said motor/generator pulley;
said intermittent direction reversal resistance being said first tensioner being
damped at a first damping Level in the decreasing belt tension direction

19




t ensi oner being danped at a second danping in the decreasing belt tension
direction when said notor/generator is operating in a generator node and
sai d second tensioner being danped at a first danping |level in the
decreasing belt tension direction when said notor/generator |gs o) hwqg in
a motor node and sai d second tensioner being danped at a second %) ng in
the decreasing belt tension direction when said notor/generator is
operating in a generator node. 2. The belt drive systemof claim1l, further
conprising: said intermjttent direction reversal resi stance application
being said first wheg ejdy etorigenssefor bscRI?ﬂatQéalPr?sfnoﬁ%v’é‘ ﬁalg HESldecr easi ng
belt tension di restanenbsipedrnaned@t asicond denring iothe; §°Téft§€}géﬁl m a not or
node and said fldﬁr§ft10tne‘ﬁ%ffnoﬁ@é1f mprigenesEer Is GpRIEHNG et Bencraipvepdanand n t he
decreasing belt stidnsdcord dénsispet deinghdampedi o avfitsr dgmpimgalevel insthgperating in
a generator nodeleci8asingelitehsiomditectors wheresaidmomirgemrdtooss opbratimg @, f urt her
conpri si ng: sai d al noerninbdenhd daidestdond tersimes deingeddnsiednatea agepdndcat i on

bei ng sai d secondlamb@isi idnethe beicti@adine k belt agaisivat dieao®Ntwhen tshi@ decr easi ng
belt tension di magbd/ emﬁg(gﬁtgﬂmgm-pgé@ﬁlﬂgr@&r is operating in a notor
node and said second tensioner being not |ocked agai nst novenent in the

decr easj ng bﬁ!etbglttdﬁoéb)%%n{j%fcﬁﬁhf P@uﬁﬁ%?@orﬁﬁ‘isﬂl(%mt or/generator is operating in

a generator t drive syste any preceding claim further

S S M P P
mde. 5. The bel telnn% gk BB, TR zfme E; decgeaﬁlag§ BB nput 15 an
el ectrical i npul sa1d motor/generator 18 operatmg in a motor mo and said

ﬁrst tensmner being not locked against movement in the decreasing belt
tension direction when said motor/generator is operating in a generator
mode.

3. The belt drive system of claim 1 or claim 2, further comprising:
said intermittent direction reversal resistance application being said second
tensioner being locked against movement in the decreasing belt tension
direction when said motor/generator is operating in a motor mode and said
second tensioner being not locked against movement in the decreasing belt
tension direction when said motor/generator is operating in a generator
mode.

4. The belt drive system of any preceding claim, further comprising:

said intermittent direction reversal resistance application responding to a
control input resulting from said motor/generator operation mode.

5. The belt drive system of claim 4, wherein:

said control input is an electrical impulse.
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