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* I NCLUDI NG A MOTOR/ GENERATOR Background of the Invention Fie e

| nventi on $olte/®28mvention r lly to internal coREUABPEHIENGI ne
.accessory belt drive systewﬁﬂm ‘IHWRMIE a unitary device perform ng both
n e electrical power generation function,

t he engine starting function
such as a notor/generator soneti ¥ referred to as a Gen-Star. Mre
particularly, it relates to such systens in autonotive applications.
Specifically, this invention relates to a configuration for belt drive =~
systems each hawdig &Ry ORANE §9REEM NCLUBIRECA MOTORIGENERISIORE' -
Descri ption of : BT o OTTDOU ON_Eengi ne OMITONT Yy use power
transm ssion belt drive systens to tap power fromthe engine' s crankshaft
and deliver it to one or nore various engine 15 auxiliaries or accessories.
I n autorotive applications, theSBXEERXEEILMEIAVERLION de power 'St eering’
punps, water punps, air conditioniggePERSRRAbS. fuel punps, and
alternators. Historically, such engrnes nave nad the main power takeoff

poi nt ab t he Thighkehtdn relpeogenedillygo intemaltdombustion erfgindaccessgiynelt dsivehi ch i s

attached the drive trajin for, drivi.ng the . wheels to nove the.autonohile.
The accessdVitEEs s W%“?Weé’.“ﬁ&ﬁrgmgt Qﬁh CREICF @P‘lfj%hct“d‘% t he
crankshaf { ¢ FAERrBAGRIRE indtidAdUhdIRNAGsI blla Sl deitratdl donfefindel R Brkéd @YS
~are in nmechanical comuhication via one or nore power transm ssion belts
trai ned abagh GenFSiar. Moreparttiiarly, ifrelates 460 schrsystems n paemotive apisaisaison bel t
I's provided, The power., transm ssion belt, the |l eys, and devi ces

ncconpl | shiSegeiBer: Lan iRy arartaiselatR he Blive wifms €hRe 25
Ea”!eﬁosy%cﬂgﬁn%én@ﬁt&%ﬁeH&HBAMgeatenbi;shér.S- Commonl y, each belt was

t ensi oned by nual adjustnment and fixing of the position of at |east one
accessory or idler per belt. These-are referred to as | ocked-center belt
drives, because there is no prog’egé?giok%rfg %ﬁo?@iic novenent of any of the
pul | eys to accomodate varyi ng It or of the drive as a
whol e. | therdaghil coRmubtibrsérpiies Bommonlyhae poser rengiisdon bélediwsysems3® upon
the belt would | essen. Further, for%é)roger operation of the belt drive

system t hdap pawesiftom 8t anginefseranksh ediver I QPNSQIJueNs RHORTSRfodat e t he
wor st C'gs € a%)?ili'ig}iésl Shiccessories. 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 provided. The power
transmission belt, the pulleys, and devices accomplishing belt tensioning form the
accessory belt drive system.

25 Earlier systerhs 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 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.
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conditions can be the result of extremes of tenperature, eﬁ%i n ozyg%ation,
or accessgig/o2pes7ati on. There has been interest in maki ng POTUSOI/IINES oOf

. the engine conpartnments of autonobiles, smaller. To accommopdate the

smal | er conpartnents, various aspects of the 5 engines have becone
smal l er, including the accessory belt drive systens. This has been
acconplished, at least in part, by reducing the nunber of belts enpl oyed.
As each belt is renoved, and the nunber of |ayers extending fromthe front

of the engine is thereby, .removed,, the tofal distapce the belt drive system
ext ends f roMRHISEREHEC tl‘?r}?é:a’éﬁﬁi efeF‘élhﬁf‘é‘a'iEE’eeaP fﬁ“}HeWé‘F& §PeMhi s has

resul ted iJthé%iﬁnu&eaceéss %ﬂ%&n.serpenti ne belt for many 10 applications. A

serpenti ne is so na ecause of the way it snakes around the
various pul | Ghereihas beaeintersst af makingthe baltuef ofr the euging corhpertoreatscet A v-ri bbed

DSt ut1 cASArBO SR BHAIeR e TO ARATIEASaI G e STAEE POITPA RS Yo s arets Of the | °
! OCkedBC.ergngheg\BW@lgélbﬁate%nﬁﬂleﬂ ih L e Mo BrybeRERIRAY R6nd. MThid BasigieRent i ne

application ccor , host nodem serpentine belt drives include an
aut omat i c dcemmplished, atteasbimpart by ctauaiigribe swmben afdels employied. bds eachbeltds

system can be etter acco ated. .|n.basic fo aut onmt | nsi onér
~has a fr arFEWGPVﬁd,E aﬁhﬁt"rpmﬁ e?g’? §rsoqxrteé@f’}$%? tﬁ%ﬁﬁteo?ﬁ%engg%ﬁ%gh%rce% i nder
bl ock of tr@ﬁxo@&gitﬁ@totﬂ'&%tﬁmﬁ‘ﬂﬁé 1681t driviel s Bemidx@&iRie FrosPee fioncofrt tndine ishe
pl ane of rotation of the belt drive system A noveable 20 nenber extends

bet ween t heddcedniimatedy; this has yeatltegyin shauseof gisingdeiserpentine beltEor grag¥sur e

upon the belt,, via the pul.l ey.. The pressur to l.en e I stance
about hi &Epilﬁaélonﬁre se n’f‘P%\%ﬂEH; Sﬁﬁ‘%"?ﬁ%’?%%ﬁg&%‘gé’gaytlﬁgg%g %}"{"{ﬂg in
tensi on. Vapausulléss Mb 94as Fbend Y BOMEDLILE ahdveckeed Arplibheddr Micp-Uvi de
the biasing force. "Conmonly, a resilient nenber, such a st&el spri,ng acts
to force t(pecgistorsd tiademerkyaf TheGafes Rukker Companyhlsltig most syaled ihsempimtif
results in treﬁi)ulley tending to nove in a direction toward .a surface of
the belt WRREHO®Pn turn, tends to increase tension upon the belt. A

t ehsi oner wi trihe BRitatibhestthe lsokedicentpr appreheh ta belo tersioaing @omextacerbatedirce upon

the surface of the belt when the system ids in ares ilngristatq éi .e., the
pul | eyi$ arserpepting aRpACRHEDS. Accordingly, most modem serpentine belt tdnives include an

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 gylinder 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 bélt, 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 ina difectic_>n 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.., 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



D nensional instability, of the drive systemcaused by ting, tenperature,
or 30 manufacturing variation is accomobdated fairly well nEHr éBBhZﬂﬂﬁe
action of Wheysest!ient nmenber, at least to the linits of PCIABAY3LIE of the
.resilient -menber and geonetry of the 2 01 APR 2005 WO 02/ 29287

PCT/ USO01/ 31153 tensioner. Thus, the tension upon the belt remains
relatively constant, when the systemis at rest, even though the belt may
have stretched or the engine may be hot or cold. However, a tensioner.
with only these elenments may not naintain appropriate tension upon the -

belt for all operatin ndi ti f ’“??ﬁé erAldnnge 8Rlem ]ri ve
system typ%eélﬁlloﬁ?" g@ﬁsﬁhg?eggioé‘u@%g%?}éeﬂ?n ugﬁg%vseﬁlo‘fp&ts%?s’ i ongl é\}J?ber ation
or other apgkREvaGhehgtaé bel nol habe steateledoh dfetengineanayelzstortioe soldt he
-influences of “unbal anced conditions, or other influences. Taorsianal

vi brati on Bloweiver, etensiospmwith 9alyithese elsmeninmey nefdnain{agsanproRHate FBSIAR st i nct
I mpul ses delivered,to the c o e conbustion cycles of each
.cyl i nder aHHorbﬁlseﬁ’SHf%ro ?R%%@%%H%%H%Q{:@P gtt%ngns lead to 10 vibration of
the beld. Thigy obétatint belt drpaasstem tyblealty bsviilavds dub o theviefireepaf toistomsl of t he

tensioner. Monmentum then huilds in thgse noyeahl e portions rmﬁllhf ingqiihe -
force the vipmationorether eagulpiascelpatipg of thegr goegseoniesnthed ‘E%‘B?? he

belt. The ¢ hl?ag%c{éﬁ 88 ecfe}ﬁ%x%n or és%Bthpgnr%Q?.'l TorsRRalAbtEon BAHE BRI occurs,

'perfornancBn drive sys n one instance, issues of
shor t - t er mPe4rt, 0k BREGER, of Shecdistarkt ihpuleestdetivired to thé ctahksha@lthraigh the system , 15

slips excessively limting the systems efficienc ower,.. transm ssi on
capabi | i t ycombustion cygleaakearh|cylipdsr apd pistoncgmopnaj gg’LBBS%ﬁﬂM?gfo can
arise. dn gnother d is 1 Ve IETHNmBeER IS Fériibts Gk | ed to
t he beﬁ, %”rogr%tgo\?led‘at@%é%{)g%% lgg‘f?’g@yrr&agntgeﬁ%% the short- te?dm Iseads to

| ong-t er m tensieasr. Momeamnpthenbhildsdn fthise maveatle portions medifgingdhpomeerthe of

the system jncluding the belt, . | 0 To

acconmodat USRS SRGR BERT SLHERS AP FBSIPREPEF BF o dCe BP RS0 o

darping deyhGiemeRNeaDERRe lodoialeipRrfbRRAIcE Ra1s bdlaave demmedintonssi oner s
anpl ng

have i nclutled symetrica ere novenent of the noveable portions
of the tehstaoesissuas of shartptern aenformancaitsutlyaseuras the beftad tlag belhgrive system

i nst ant aneoys novegent..is.in,the. diyegti.on tendi Ie e 1 lQn upon
t he bel¥ OFIIE’%C’%"H\?W&& ‘é@ft}'tgﬁhf’ R eﬁ)me% °§g§k;’§1§ﬂs%8%%§{n0%5§%%§@§ 1‘3 bel t .
Danpi ng Ccoghilggeinblbyldue té ﬂﬁﬁyﬁge SHPREfvESE, bah drlte. I &sithdréndtame)the ambont
result in a nodified t})’i asing, at the pulley/belt intefface. O her

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 bélt, 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 isin
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/belt interface. Other
tensioners have utilized asymmetrical damping. Commonly, such tensioners are damped :
such that the darﬁpmg 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.



tensi oners have utilized asymetrical danping. Commonly, such tensioners

" are danped such that the danping upon the noveabl e portidh1iAPRiﬂmﬁal when
t he tensi o@eyo2i29287m0vi ng in the belt tensioning direction apdrmasi/3mss when
.moving in the belt | oosening 30 direction. 3 0 1 APR 2005 WD 02/ 29287

PCT/ USO1/ 31153 Certain approaches to asymetrical danpi ng have been
passive in nature. The nere 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 rﬁl tive aneﬂf t o he .shoe and.race in_ one 5

f
direction tenH&taiy apPIOACHETI0 AFyTUNGHIE g, Rayve been passivg inpagen ThSTRE ) ¢

-at their irah@&i&}p@fmoﬁ@rgaﬁ%ﬂ{ehﬁoo‘eaﬂuetﬂo&;bﬂswataity@asﬁeéeﬁﬁd ihB ety RO,
and thereby reduces the danping. The “other direction tends to wedge the
shoe agai nshe appronds @ shoelis hiased against hgactatjanraggleaifferetsfrom adrmal t&Ftlgur e 2.

I n anot her approach, described.in U.. S Patent tq Meckstrpth et al.
nunbered 58 ,GAP}GQ‘T‘ Eﬁéﬁp%ﬁé‘ rF?"‘.lxti’ gwirgla H%WH@PIB&H%%FW@HC a‘F‘P’faﬁ? he2%ri fi ces
by val vgs hg\ﬁ&mﬁaﬂam IHPAR SHBE £0R tﬁ@r_atcé.emwe@ma@megfésg&eat fbiriB@rface,
t ensi oner. en the tensioner noves in the tensionihg direction, the fluid
passes t hr cedyhessthedtiction thiat/gives tpe tothef dapaping, and teneby|redrices therdgmiping. | ‘Ehe

i st the fluid d little damping. In the, | ing -
et on: oteecREsan AR R b oot BB alilnpk s e penlBE B nanel
of fering _gfek8lin Fikics 52 N0RIGHRA afprBalicdedHERH AU, I PoARRISRIcRRRIIDEEA t O

asymretrical” tensioner danping has been active and can be also be found
described nombé2d 5482420, dampinfinid ischaon¢led thagyghrdifferentorifiaeh btivabves s ar e

di scussed. .In ane, an electrigc sol enoid.-deplo rake s s...Wien. t he shoes
are G ogetpn iR B noBi e PEHERRRNIPE G¥ife BaRiTerh JURCiRY SSRIBRE,

Addi ti onal lngvedin B Y4GRIGROPEFRLES the fhidigaeses MResgH SreldiVelyafdiorifRe®e W th
whi ch they are depl oyed when 20 the tensioner noves. The danping increases
when t he temmeh@ng" ering/dtgleiresistanse tobe dhichgpovamertand ditledrmpiegr BeH8s when t he

dopi oys a Boscane dhrify PR B el ilerd By SRR 8RR oA Fing

danpi ng. A@Qtafbe&egigm&jecamdrgramrdmgimgdescri bed in the 420 patent, is to
utilize a solenoid, simlar to the two_ active ,asgm*retri cally dan%tegd
tensi ohers, iAweothen apgreachde pyymymetncal sensipner damaping &ps §ase apbyRiskran D5élsheen

two rodes 82; fo%%ra%tsér?&:%' inl‘ﬁbd)ﬁ?enqoﬂl&458 %wo active 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 moﬁer,
a solenoid deploys a piston, which modifies a fluid path and thereby modifies the
damping. Another tensioner approav:h'dcscribed 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 fensioner between two modes of ofie_rétions_. In one mode the
tensioner operates as an automatic tensioner. In the other mode, its moveable portions
are locked, causing the tensioner to act in much the same manner as a locked-center
tensioner.
The ‘420 patent is directed toward solving unacceptable belt drive system
30 performance created by inertial forces caused by the rotating masses of accessories and

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



t ensi oner operates as an automatic tensioner. In the other

" noveabl e portions are |ocked,
sane nmannayoasgesh ocked- cent er

abtS
causing the tensioner to act nltbg?n»ﬁﬁoéu 208%

tensi oner. The 420 patent RQ/@gHOp8TS2d

.toward sol ving unacceptable belt drive system 30 perf-ornmance created by

i nerti al

rotational 4 0O

t he
pul |

forces caused by the rotating nasses of accessories and
pul | eys when rapidly decel erated. As described therein,

i dl er
when sudden

1 APR 2005 WO 02/29287 PCT/US01/ 31153 deceleration is
produced at the crankshaft of the engine "the high rotational

inertia of -

he- 1 dReBaae peiatecal ALE o st @ i el ACHRR bR i e ©°

specific d[aﬁtgﬁlafb? RhisEd it & tefaifl eptaBALAlld causes @ Ateriatsritbipull ke Bhdivehel 4 (sic)

slips .... Traditionally,

an electric starter notor is provided to spin

t he crankshiikttiof sotdsdo knogemthe bl [ofithe spasififudsiviesanfigyration depieted) edasmd t he

The ongl ne el ECHRREH GHeX

e starter hotor
'Pntermittently engage the rear portion

is |located near the rear of

of the

crankshgft t MoUghnAYaRkldebid fartéHhdtek bYovidedab 8pinthé BRARMSTRGtHRASHEr € 1O

reduce em ssi ons and ‘i ncrease

fuel
t he aut onolsb ikt aeribustign eiaygbe initiateddndrthesngineduill hagin feowva.

econony 10 by | owering the weight of

® FiBBeranetsr isAn

h taken t d th s [ ni. ' . th
o Car ottt oo ok Ere e L a SRR Rty el K8 pBiion’ 7
not or / gener@id crafkshadt fesughigear Mafi0 toward the goal of increasing fuel

econony, the Gen-Star

pronot es :
Thi s feat ure Curreutly; thereris ingigpsing Prassre to FrAyce emissiops andRSFeass

the use of a feature called "stop-in-idle".
fugbepogomy
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accessory cb@pbnehtd. VS approackpakécRivari thesepoalsihwlvgaoaitatiag thefupdtivaed in

mechani cal communi cati on

wi th the crankshaft via, the agccessory, belt drive.

The not or / gerstarter sotenrndhe Siriction of thy alieraaigr iptpa singlf deyires§ MOMHEERSROT t 0 be

pl aced at t

ot her | ocat I nclu

ongseh%l& A1 ﬂ)gva?ﬁ Y Eoal BEYERlng 81 BRI

tHeGS LS HY

e endgine 1s envl si oned.

BiTResat
The

rear

advent of @musSlofa faywtealed siepin-idie?. Tis faghee js wherp thweenginednghowed ton bel t

drive systens

to f b i al- hal,l . A signifi
Chal | chge. Ciohen i HeSls orfanlou t1eg Ly heans PURTRGI ParBrHa
Fesul ts in aceen) ARine 1EL FRRB B tanB¥lyPRcreases 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 of the engine. However,

20

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

accessory belt drive that includes this new device, which not only offers substantial load

25

and rotatiohal inertid, but also adds large driving torque into the actessory 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

numbered JP1997000359071. In that publication, it is disclosed to place an automatic

30

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

motor/generator is in it start mode, but for the presence of the tensioner. This span

5



accessory belt drive that includes this new device, which nqt lgﬂicﬁl 2@%}&5
" substantial load 25 and rotatiohal inertia, but also adds larg i g

t orque i ntwobtres2atcessory belt drive. Further, it provi dePQIHIW1IBHSe
-driving torque on an intermttent basis. A tensioning systemstated to be
an approach for tensioning an accessory belt drive incorporating a

not or/ generator is disclosed in the Japanese publication of application
nunbered JP1997000359071. In that publication, it is disclosed to place an
automati c 30 tensioner against the span of the belt which would becone the

Lhe.pr esoncarapotdidorktibm e it CTR Bl dealorhe Sufptisfoomsss |

PCT/ USO01/ 34has3/gehibrator SR swhef the el S ibvikii ifseefhMaspetdiag Mdettidnymedi at el y
after the belt passes over the notor/generator pull ey, en the belt is

nmovi ng i n it SThealisci¢sed prasianinggystiemelasibeen idemtifeedpsdess ptioredi doiaplkjews/ st em

her o et Pl SRR e i B PRET H BRe  YraRie SHURe foninens
sacri figedaynHnafddihh? thd Hthaf mhi®ehéd tolRRlevEiddquite s eriOperfoRnaNe is

adequate short-term performance is other than optimal. Accordingly, there
remai ns t hethewthen pptimal. t ensi oni ng system that provi des, at once, adequate
short-term perfor C adequat e | ong-t erm per.f ormance, . optin z t he width
-of the belt W&PF@y'&Berﬁ&%alf’S&"aﬁ? 6?rvaetﬁnsg%ﬁ iyarg?enbﬁi,at 3&3 1ch98,na§§P%es cost
and conpl exdehiate sAGHt-BTBRE S rAAndel 8ddqixe NéngoRm herfoimese s loptifvigatthowidins as
an object the provision of an accessory belt drive system of a .

conf i gur at ofthe Beﬂatharc may b ased fos any given applisation, as¢ epntaing cost pad FRBIENES,
Iong-tf\dm performance, and optim zes belt selection. 15 The present

i nvention has as a further object the provision of an asymetri cal
tensioner in conjunction W th aSqfmtdrguf tieilgventibat further optim zes
short-term long-term performance and belt wdth. To achi eve the foregoing
and ot her objTbemsesent iavendiondas as 3 ehiestiile praviswaolan aggessory pekd drive s¥stednt i on,
as enbodi ed- a ’ ' b . | 20
et udi ng. & A Yok B350l BEfhe dphBirRrinf B GoRES R bttt By

i mproved bgdrforfhahats and sptianizenbeltnxldvtidhor a power plant. It is of the type

havi'ng a crankshaft pulley, an . . .
g1 5 The presentpinventi)c/)n has as a further object the provision of an asymmetrical

tensioner in conjunction with a configuration that further optimizes short-term, long-term
performance and belt width.
To achieve the forégoing and other objects in accordance with the purpose of the
present invention, as embodied and broadly described herein, an accessory drive system
20 including a motor/generator is disclosed herein. The invention is an improved belt drive -
system and methodfor a power plant. It is of the type having a crankshaft pulley, an
accessory pulley, a motor/generator pulley, a belt tensioner, and a belt tensioner pulley.
It also includes a power transmission belt trained about the crankshaft, accessory,
motor/generator, and the belt tensioner pulleys. The power transmission belt has spans
25  defined by terminations proximate to.each of the pulleys, inclugiing intermediaté spans
beginning at the crankshaft pulley and ending at the motor/generator pulley following the
direction of belt travel in normal operation. The first of the intermediate spans has a first
termination end proximate the crankshaft pulley. The last of the intermediate spans has a
last termination end proximate the motor/generator pulley. It is improved by the
30 tensioner pulley being proximate a termination end of an intermediate span not being

either the first termination end or the last termination end.



accessory pulley, a notor/generator pulley, a belt tensi ongr ﬂﬂg ﬁu;lﬁelt

" tensioner pulley. It also includes a power transm ssion b Il 1 i2 about
t he crank=wipafn92saccessory, notor/generator, and the belt REAESUFIS3

- pul l eys. The power transm ssion belt has spans 25 defined by term nations
proxi mate to.each of the pulleys, including internediate spans begi nning
at the crankshaft pulley and ending at the notor/generator pulley follow ng
the direction of belt travel in normal operation. The first of the

i nternedi ate spans has a first term nation end proxi mte the crankshaft -
pull ey. The last of the interﬁa ' teris ans tlﬂa a.last termnation end
proxi mate t he notor/generator - by the 30 tensioner
pul I'ey being: ' idpal WRith @Rfin8drpaitddiih endReindit &ithe not bei ng
‘ei ther the fijrqgse?&%:ée&? &gg%él%%medr%’ or the last termnation end. 6 0 1 APR
2005 WO 024ReiRatifCE wisich ke nederaly designmiedikeipgrts, ahustmtermrefepedwi ngs The
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15  accessory belt drive system including a motor/generator.
Figure 6 is a block diagram of a control signal path.
Figure 7 depicts a schematic representation of an alternate preferred embodiment of

an accessory belt drive system configuration including a motor/generator.

20 Detailed description of the Preferred Embodiments

A preferred embodiment of an accessory belt drive system 10 is depicted in Figure 1.
It includes motor/generator 12, motor/generator pulley 14, idler pulley 16, power steering
pump pulley 18, air conditioning compressor pulley 20, water pump pulley 22, crankshaft
pulley 24, tensioner 26, tensioner pulley 23, and power transmission belt 30. The portion
25  of power transmission belt 30 that would otherwise obscure tensioner 26 is broken away. -
While specific accessory pulleys in a specific geometrical arrangement are depicted,
it should be recognized that the instant invention applies to various numbers and
combinations of accessories and geometrical arrangements, including both serpentine and
non-serpentine configurations, depending upon application. The configuration depicted
30  is serpentine. Thus, power transmission belt 30 would ordinarily be of the v-ribbed type.

However, the invention can be practiced with the inclusion of all belt types. Further, this



A preferred enbodi nent of an accessory belt drive system 10 is depicted in
" Figure 1. It includes notor/generator 12, notor/generator (ufl AR 28051 dl er
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~pul l ey 20, water punp pulley 22, crankshaft Dulley 24, tensioner 26,

tensi oner pulley 28, and power transm ssion belt 30. The portion 25 of
power transm ssion belt 30 that would otherw se obscure tensioner 26 is
broken away. While specific accessory pulleys in a specific geonetrical
arrangenent are depicted, it should be recognized that the instant
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pulley 16.
The direction of torque at motor/generator pulley 14 and at crankshaft pulley 24
reverses depending upon the mode of operation of accessory belt drive system 10, as
20 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.
Water pump pulley 22, air conditioning compressor pulley 20, power steering pump
pulley 18, and motor/generator pulley 14 consume the driving torque, with minor
consumption by idler pulley 16 and tensioner pulley 28. In start mode, motor/generator
25  pulley 14 supplies all driving torque. Crankshaft pulley 24, water pump pulley 22, air
conditioning compressor pulley 20, and power steering pump pulley 18 consume the
driving torque, with minor consumption by idler pulley 16 and tensioner pulley 28.
Generally and regardless of mode of operation, if it were assumed that each of the
pulleys is allowed to rotate freely, tension on every span would be the same and at static
30 tension. Static tension is the result of the force applied to power transmission belt 30 by

tensioner 26 via tensioner pulley 28 tending to lengthen the distance power transmission
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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
point where unacceptable slippage begins. Further, belt type and width selection affects

20 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
these considerations, in light of cost and complexity concerns. Optimization is
accomplished through manipulation of many geometric and material parameters known

25  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 opt:mﬁzation. The root of the difficulties lies in the fact
that the pulleys which suppiy-the driving torque and present the greatest load and inertial

30 torque are different depending upon mode of operation. Further, larger inertial torque

loads are presented than normally encountered in a conventional drive system.
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encountered'in a conventional drive system, _ .
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supported PurtRASLAWY erhfl8y&.64. Biasing spring 50, in this
It will be noted that tensioner 26 is placed between first intermediate span 32 and last
intermediate span 34. In the generate mode, first intermediate span 32 carries the least
tension. Last intermediate span 34 carries tension not directly altered by the torque of
20 motor/generator pulley 14. Tensioner 26 acts to place the static tension for the entire
accessory belt drive system 10, downstream of crankshaft pulley 24 and upstream of
motor/generator pulley 14. Biasing spring 50 acts to bias tensioner pulley 28. In the
generate mode, pawl 58 and ratchet teeth 52 are disengaged, as depicted.
When allowed by condition of power transmission belt 30, biasing spring 50 causes
25  the distanced spanned by biasing spring 50 to lengthen. In turn, tensionér pulley 28
supported by tensioner frame 64 revolves about main pivot 40 ‘in the clockwise and
tensioning direction indicated in Figure 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
30 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 tensioner pulley 28

10
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10 frictiomddends to add to the biasing that tensioner pulley 28 applies to
power transm ssion belt 30. Accordingly, in the generate node, tensioner
26 act®H as a VWaesreesssesybetedrnivesysiem 1Qiisrip bel opesaisd dmthe starhinede arddegenseri on

and asy mm%g (f%hredg)@ﬁgégth% ?e\ﬂeg@e & tﬁgpﬁ}t%%dea&he 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 c.ommonly found within a controller for the
20 motor/generator. The signal that is produced by mode sensor 66 is passed to signal
processor 68, which can be a variety of electrical circuits to process the signal and make
it compatible with actuator 70. The elements of this signal path and associated
components, mode sensor 66, signal processor 68, and actuator 70 are know by those of
ordinary skill in the art. Actuator 70, of this preferred embodiment, comprises solenoid
25 60, having plunger 58 and conductors 62. While this pref'erred_ embodiment contemplates
use of electrical signals, sensors, processors, and actuators, mechanical, hydraulic, and
pneumatic, signals, sensors, processors, and actuators are also envisioned.
The signal to solenoid 60 is passed via conductors 62. Solenoid 60 reacts to the
signal by raising plunger 58, causing pawl 58 to rotate abouit pawl pivot 56 to the point of
30 engaging pawl 54 with ratchet teeth 52. When so configured with this locking factor,

11



benefit toward optim zing accessory belt drive system 10, V\:hﬁn operating in
" the generate node. 15 When accessory belt drive system 10 i t APRe 2005
oper at ed i wd épesgart node, node sensor 66 (Figure 6) sensesTiuselr/pssence
of the start node. The node sensor can be a separate electrical switch or
rel ay operated anytine the notor/generator 12 receives electrical power to
begin to drive accessory belt drive system 10, or can be part of an
autonotive ignition switch. Mdde sensor 66 is conmmonly found within a
controller for the 20 notor/generator. The signal that is produced by node
sensor 66 LS .| | : - Wi - 8 varl of
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Importantly, this allows the selection of a static tension, via spring rate of biasing spring

50 and overall geometry of tensioner 26, that is significantly lower than that allowed by -
configurations heretofore available, without short term performance suffering unduly.

20 When the mode switches, from start to generate, actuator 70 is deactivated, allowing
pawl 54 to disengage from ratchet teeth 54, and allowing tensioner 26 to return to the
generate mode described above. |

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

25  built into operation of signal processor 68 such that actuator 70 remains actjve for a set
time after mode sénsor 66 indicates that the mode has switched. Further, an advantage
may be found in deactivating actuator 70 after a set time period 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

30 motor/generator pulley 14 for determining a switch in modes.
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70 after afele FlIER R8I ThodlopRAPNEA €55 B thierbdimdent, Sensgicaltfid 199 s a-
~nmode switch. Further, node Sensor 66 can sense engine r.p.m, engine
mani f ol d pmagetorbeologicalia napwer cr ankshaft pulley 24, or torque upon 30

not or/ gener at or .pul | 14 for..determ njng.a.swtch in .nodes. 2,0 1 APR
2005 W 02/ 29885 DRER PS5 R ST mEIORT (B FeRiF G (P e BY RRFEB BIF RS o
depi ctgd idhdrh&biRe Biasdd thovaABRAHEABAR] 61 $n iHaenSeHIBg a%ectbR, Ruh@fclSdAsk, ment
with the exception of alternative tensioner 126, including nounting plate
128, danpiTig msitiehtemdBber aaniinclpdeaatorsiorOspriagda aerwalbite springber oneds a nubehepi ng

nmodul e 130 4 s, depi cted j n. areater det,ail 4 n,.Fi re.4 i n dul,e 130 5
ol udes. & o Efafe BrodyPiedirReih nitpiRte, o Pineh HER inud TRVAGIORIS
connect i NnipbA Gy allfzbar e ilitatinefBediopridide tdrqoy. Mboemamdf availlt flembdh2.

Cylinder 132 and bypass tube 136 are filled with rheological fluid 133. In |
thi s enboditdereund maig Rivtd40 is mechanicaly cammpainateddp eyiesipgrd 143 nat ure

ate BEasitg el ghebERehs R TREtes bin EEPlORER B IRK LB SUERE, 00 ng

di rect i on,fogestiicolagicat KlMdsE33 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 ;onductors 162 impresses a magnetic field upon magnetorheological fluid 133

20 and thereby increases the 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. Howevex:, as coil 138 becomes energized, the resulting
increase in viscosify of theological fluid 133 creates a restriction of the flow of

25  rheological fluid 133 through bypass tube 136. Thereisa diregt relationship between the -
intensity of the field impressed upon rheological fluid 133 and its resulting viscosity.
Depending upon the size and shape chosen for bypass tube 136, damping can be elevated
to the point of essentially locking tensioner 126 in place.

. The signal path depicted in Figure 6 applies to this embodiment, as well. This
30 embodiment allows additional flexibility on how, when and to what degree damping will

be applied to tensioner 126. Selection of mode sensor 66 and manipulation of the logic
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The resilient menber can include a torsion spring, a convolute spring, or

- one of a nunber of other torque producing resilient nenbd}é.APﬁrﬂmﬁr, It
can includev@ol/eeey arm acted upon by a |linear resilient mPEmarsSo1/d1183 oduce
-torque. Movenent of noveable nmenber 164 .around main pivot 140 is
mechani cal Iy conmuni cated to connecting rod 142. 15 Movenent of connecting
rod 142 causes piston 134 to nove within cylinder 132, which forces

rheol ogical fluid 133 to transfer fromcylinder 132 on one side of piston
134 to the cylinder 132 on the other side of piston 134 via bypass tube -

136. This c S . | oqgi.cal ' .10 t hr, h the cor.e of
magnetic co %ﬁé@%ﬁ%lks%gté 531115‘%% ﬂnn%éﬁ%‘{% %fqgrgs??ner iggg?ﬁlgmféb BULFIBPE: 162

| npresses ad4mEIAg che bé belbected fbe HAGRBL LR RAED BuEidbs fhbn it Ack3ssdf) @BN6cK her eby
i ncreases the viscosity of magnetorheol ogical fluid 133. Wen rmagnetic coil

138 is not tensipugrZed, inplasce) isgnediatelyluppriacegssopn belb drivsystegh | Hyode switching 136

ol at very Pt ofCilinst a8 SRRt Riraimg e ATRVEIE hocBnd Bk BRGF stiie bie
resul ting 4 §headexdtidn\h Heiobicnindidifebes. Olictalftef b Bef Je3RdCthe AkBHind can

restriction of the flow of 25 rheal égical flujd 133 thro.ugh bypass "t ube
136. Ther e besingregsadetotlogleleasipasid@b in e nawdecativa for the dumtipy obthetinge i el d

i mpressed u B | uj 4. | r | ting,Vviscosity, :
- Dependi ng ua%%%ss{;ﬂi@ééf@ﬂé&e?#a{egﬁgé;xéjngﬁxg%%gt 41%@& b@%g’seg’ Tgcifeseﬂoé,%lé&éﬁﬁ ng can
be el evat ednohitoridpethp@ttivityodr RBERAE GnkiyndraQél Mhid @fsHmLEH cdr’ée procdsbaice.
The signal path depicted in Fi glure 6 applies to this enbodi ment, as well.

This 30 enbydigaaPregessanddde intelligently damparieqk tegsieperHafito sgsemmedatet o what

56 and Toan bbbl telt AR ERRCLE th b8 LERTLORBbE B (PSR e AR B RES 00
W t hi n si grnta¢ popdesfibed pidfatddenbotlintemt.t uni ng of tensioner 126 danping. For
i nst ance, danpi be selected, to be at . a ve,r%/ high level, but |ess

than that nec '53_ icab g3 e AsP Bhan elpgigothpolggiselein mafie dinaeh $Astpon
socesson) MR BB iRl DE 18 golsh e 20
rel axati on relatibhshipsyeseain thg sdinee Eitien, thd retcheting errangdment bf the firssdescribed
damDlng oo BeATELeaRed Lo sk, el anerol ot B LAe e Logstion Lar (e
o SRS 5 A O AR {3 APl 0P et

member 164 and affixing the remaining portions in a stationary manner.

Figure 5 depicts another embodiment specific to damping module 130. Here,

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

20  bypass tube 136, and conductors 162 are absent. In this embodiment, when tensioner 126
is moving in the tensioning direction, hydraulic fluid 156 is 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 relatively large, tensioning direction of
operation offers little damping. When tensioner 126 moves in th.e loosening direction,

25 hydraulic fluid 156 is forced from upper portion of cylinder 132 into minor passageway
150, into the lower portion of major passageway 154 then into 'lower portion of cylinder
132. Minor passageway 150 is relatively srﬂall. Thus, substantial damping occurs in this
direction of operation of tensioner 126. Control piston 152 is depicted as substantially
retracted. If an actuator, similar to that depicted in Figure 2, is included, control piston

30 152 can be selectively extended or retracted. The description of operation immediately

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

14



by signal processor 68 to intelligently danp or |ock tensioner 126 to

- accommpdat e 10 accessory belt drive system 10 oscillation g Rﬁﬁtﬂﬁﬁ or
to mmc theoppbeReti ng effect of the prior described preferq d

-enbodi ment. Rheol ogical fluid 133 can al so be an el ectrorheol ogical in
nature. In such case, electrostatic plates (not depicted) replace magnetic
coil 138. The general operation and relationships remain the sane.

Further, the ratcheting arrangenent of the first described 15 preferred
enbodi ment conprising ratchet teeth 52, pawl 54, plunger 58, solenoid 60 -
and conduct

52 upon movEaBIEY: fEMDRR 2SR £ b oS 2B R il =t
© stationary HBREedr, rrﬁdcg ﬁﬂaéevﬁlfypl ot §0%%%a§ﬁ§§&‘n%flér %Q? b% ?&k&@aé} i ng

modul e 130. Here, aulTc fluid 156 replaces rheol ogi ca
Accor di ngl ymomxgmtun ﬁledoodenmgahreﬁﬁbrby'ﬁas smbedimet38)joymrtte samifledlility df62 ar e

absent . hi s enbodi ment. ens 6 in n the tenS|on|n
directi on g0 efl?‘ﬁf"&fn&ggea? rdI@ &FFB’rzﬂoleémFggg “%04"“ on °
cylinders 132 igy Qdcﬂ?dxﬁ[ eRBSHAREV@NI 14O thRUSHREIGH Bidardakd al%v?s%heﬂ”tﬂic

upper portion of cylinder 132. Since mmjor passageway 154 is relatively
| ar ge, tensnamhchtgeﬂilﬂea@tdlthmmaﬁng spldrofprwhSoraresash| ﬁmplecedazrrﬁl afprm\Wfi gaeth

t ensi oner 6, noves. ikectio uli¢ fluid, 156 i's
torced trontaestReht ridnos el fiih Ao SN g R R0 BaigOrthg i e o
the | ower pEkd t@fsiSer 78R botBath d16¢kehing direbtich. | FoEHetin® bédogiks Of
cylinder 132. M nor passa emay 150 is relatively small. Thus, substanti al

danpi ng occunayailable. hfwthegjiallgbesedeetly arprieplapeshwi comerponding beking surfacasol

ot hat'Caepee BOTH eEeey S5 Bk ile phing bl Ponibas O B1E Mg o

sel ecti vel yd@ﬁﬁﬁ@dﬂﬂe@bmt@ﬂo@ﬁxhgd The description of operation imrediately
above assunes contr ol plston 152 to be fully retracted. |If control piston

152 is fully Msxﬁ@tf@z/sgxgzm MWNGQ%?PPB@@G@%%@ qmmwnﬁee@er@én stl | |

nove in the qg ﬂl
passageway | 5 tcr)% clgég}fgglgg ntgdll {cﬁ%gg%rf I?Qw%ve | ocke(? agan nst
movenent i ndephuted mo&@bralttgscxﬂmermhlotﬁﬂxre&mnsevﬁrmdcmtce,ewhaba attive, passive,

flexibility of , danmpi,ng in the | oosening directi,on aﬁﬂdo t he enbo nt
of Fi glbPe amping lmg PIJALEheling, 8aY HERPOREHrRnsmisson Fies tOd10nF 49 gur e

can”cach b2 aacet pnink Frcith, P "% ot are straight. as opposed fo
t he depicted S‘awptasmthmbnuom fouypdria theadescritet wattiodimertieaccomplishes significant
optimization of long-term and short-term performance while, at the same time,
substantially minimizing cost and complexity.
20 The foregoing description and illustrative embodiments of the present invention have
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
25  illustratively disclosed herein suitably may b€ practiced in the fabsence of any element

which is not specifically disclosed herein.
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.l ocks tensioner 26 in both tightening and | oosening direction. Ratcheting
" becones unavail able. Further, all these teeth can be replaced with
correspondi ng braking surfaces. 10 This allows |arge control over danping
-being offered by tensioner 26 without bringing danping to the point of -
locking. . It is further contenplated that certain applicati@n$
fitted with tensioner 26, w thout active danping or |ocking as depicted in
Figure 7. However, all enbodinents depicted incorporate sone form of
direction reversal resistance, whether active, passive, 15 danping, | ocking
or ratchetj ng, ‘%Q%%tgl me power transm ssion belt 30 forces tensioner 26 or-
126 in a bélt I PYRY hait e dyeren fnepaiee paltofMAGRLA O Lol ok L
descri bed errbog_bhh@p&ﬁa@&ggg%ﬁl hes, sriqgni ficant optim zaei oA Braflong-term
and short-term perfor mance "whi I, HOtATEcraoRplisy rahelt tanshmbpatiial | y
m ni ni zi ng cosf é‘ﬁﬂero%‘ﬁﬁ)r:é&dayow@(h-aﬂ'éﬁﬁsﬁiﬂfﬁ%ﬂ‘??aﬂ&dgﬁs Liption and
illustrative epilfg] §BNiSeR] tgﬁ,}pregent vent on Al said granksha® oun on t he
drawi ngs and deﬁgerl bed 1 n ddtai 1 FHS PRRVERRFraRRtiutley: atd aildbhafgnsit F Nat i ve
enbodi nent s. | P+SHotHUPRer ranteri steaddl hhaNeRns detﬁgggb)%‘l%e foregoi ng
descri ption of prblenatdseniy aiidsuﬁlXe Iar% only, "and ZY'"TIFﬁgsscope of the
invention is tc(gwg(sl limte onI_Py P& Peed § HFarBedige isprne begiedifglrisgqvi ew of
the prior art. St lFYP%eﬁdnlg@msdid)moﬂa'ﬁlg'bﬂeﬁﬂ&tp[;ffée}% {,Mingif(:' osed herein
" suitably may bﬁrepmcaﬁdﬂ&ﬁ@}a{é@ﬁmggib&egﬁe f any el men i%h is not
specifically giscl %sagd herein. 15 0°T gysnclydinga firspemacd bel t drive
system fora power prantPa®tiaving s firgaerminaitiog e ﬁrbﬁ.ﬂx'ﬁ&@@fdtcrauﬂ‘ﬂag% an
,accessory pul ked laseofMsaldasikMRRBE AL RYkE Yo & bel tensi oner He
‘tensi'oner pul Lvi%\(d/aend a govver transm ssien HLieminstanrad petximate sud d
crankshaft pul 1 ey SaCHPURYbs mproymmehibaom mising: T not or / generat or pul | ey,
and said belttensioner pulley, said power transm ssion belt having spans
defined by tegm pations roximate to cash of said pulleys, including
i nt er medi at e %brga{rig;ﬁ%eéip}ﬁlm%’ﬁﬁ’%tpf%‘@zh@re agermiesboédd grdh hRymaRd:.Spdi ng at said
nmot or / gener at or 2pUisingyeithed sz pMdirag: el [ of belt travel 'in nornal
operation further including a fi?%%ﬁgfogIgéfﬁlsaﬁg%sé{"ﬁﬁﬂf“ﬁ“énépans havi ng a
first termnatioqn end proxi mate said crankshaft pulley and a |ast of said
i nt er nedf-at e Q}Sdﬁﬁmﬁamiemtgafalsims,tﬁxiﬂwr%,a -gi&@ end proxi mate said

=r r ner I; | prov § AR
ot or/ gener ahiarteRtdnLYulich B%ng %xgna%nfseconcdqrglgnina?ion gud of said first

intermediate span being Opposite ffom said frst tarmination end

3. The improvement of claim 1, facther comprising;
said tensi i i i i
nsioner being asymmetrically biased in a direction tending to cause said
power transmission belt 1o be under tension,
4, The improvement of ¢laim 3, wherein:

said d 1as i jast
asymmatrieal biasing being thas biasing at a level that is no more than that

provided by spring rate biasing, when extamal forces acting upon said

tensio i i
ner and said tensionar pulley are |ess than llecassary 10 overcome said
Spring rate biasing and would thereby tend to cause said tensioner pulley to

move in a ' lon diresti
Ve 10 2 1ncreasing belt tension direction, and that biasing that results from

sprins {asi irecti
pring rate bissing and direction reversal resistance, when sajd extema) forees

acti suid lensi i i
AB upon suid lensioner and sujd rensioner pulley are graster than that
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. said tensioner pulley being proximate a ternination end of an internedi'ate
“span not being either said first termnation end or said IasU 1tgp;g1n@ﬂgl on
end. 2. The inprovenent of claim1, further conprising; saidtensi

pul l ey being proximate a second term nation end of said first internediate
span bei ng opposite fromsaid first termnation end 3. The inprovenent of
claim1l, further conprising: said tensioner being asymretrically biased in
a direction tending to cause said power transm ssion belt to be under N
tension. 4. The inprovenent of claim3, wherein: said asymretrical biasing
being that biasing at a level that is no nore, than that provided by
spring rate bi asi%ﬁ?ssWé?P‘@X‘tD@dea‘pdnga&elﬂ@ﬁxigkﬁdlﬁé%’b ald, hpglgner and
sai d tensioner pubﬂx@nea%@]@y@ﬁo{,pﬁndC[lgr%essa#/ to, over Cone sal cfcsaggri ng rate
bi asi ng and woul d thereby tend to cause YR diestiosul ley to nove in a
increasing belt tension direction, and that biasing that results from
spring rafe bi Ase imgprovichedli SREILA WiGYEl S&l resistance, when said external
forces acti ng u&)%n sai d tensionér and said tensioner pulley are greater
than that 16 0°'1" APRUIDIEEW cesivaney rasairaern & aikpis Fadios Rsh g d 4L € i asing
and Thereby tendrenaiIe sgdldsioh RSl g.n_er_. Et#cl ey to nove In ¥ decreasing
belt tension direction. S. The | rrgl”b?/ e “ereaima belt towsicmr ei n; sai d
direction reversal resistance results froma danping factor responding to
movenent &f SMfﬁ@f&kﬁgﬁrofi:%]n?‘;d\ivﬂe?&tj on of decreasing belt tension. 6.
The i npr ovenent. .of. claim4, erer:. Taid direction reversal resistance
results from a9 %R’f%da‘faaié‘iGﬁismewenﬂkﬁ@mtﬂocm@/ﬁ%ﬁﬁeﬁ?ﬁg:‘t@ I enstoner in

~a direction of deovenat sfkafaabls; i.0 /. ¢ | nprovernen claim4,
"wherein: said direction reversa %Er@said%kegﬁ%leJlggcr?”ﬁ'P&bﬁﬁTi'e@@mI y applied in

response to operation node of a ruotor/generator in nechanical
conmmuni cat i on The ihipreedntbnt 8104 @f/ 4 SEl-aL 0r pulley. 8. The in provenmant of
claim7, furt k GO risi n%: sald Internmttent direction reversal
resi stance appli cati on BEFHgesgnse ixintiminemly applied in response 1o operation
mode of 2 motor/generator in mechanica] commu,

motor/generator pulley. |

nication with said

The improvement of claim 7, further comprising:

said intermittent direction reversal resistance application being said tensioner
being damped at 2 first damping level in the decreasing belt tension direction
when said motor/gencrator ig operating in a molor mode and said tensioner
being damped ar a second damping in the decraasing belr tension djrect; on
when said motor/generator is operating in a generator mode,

The improvement of claim 7, further com prising:

said intermitrent direction reversal resisrance application being said tensjoner
being locked against movement in the deereasing belt tension direction when
sftid motor/generator ig operafing in a moter mode and said tensioner being
not locked against movement in the decreasing belt tension direction when

said motor/generator |5 operating in a generator mode,

10.  The improvement of clajm 7, firther comprising;
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bei ng danped at a first danping level in the decreasing belt tension
“direction when said notor/generator is operating in a notor, node and said
tensi Doer being danped at a second danping in the decreasiﬂné ARR 1208%nsi on
*direction Wwhen s&i'd notor/generator is operating in a generator node, 9.
The i nprovenment of claim 7, further conprising: said intermttent direction
reversal resistance application being said tensioner . being | ocked agai nst
novenent in the decreasing belt tension direction when said

notor/ generator is operating in a notor node and said tensioner being not
l'ocked agai nst sppyeneRt i the decreasing belt tension direction when said
actor/generator IS Oper Al PRSP Ieyensw mes stinak a@ﬂdﬁio }Qsﬁ ape Jmproverrient of
claim?7, further itpohpseldngGon sdif nQotJréﬁ:‘PB 2005 sali 4 T REETTR Priemetreli r ect i on
reversal resistance application resp ﬂlrﬁé’i’?f“’émé@mdpol i nput resulting
from said notor/generator operation node. 11. The inprovenent of claim 10,
wher ei n; g dmécb'ﬁpmbmimtwuajnglg'qwﬁl_e%t rical inpulse. le

Said comwol input js an eleetrical impulse.
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