WO 02/ 29283 PCT/ US01/ 30773 BELT TENSI ONER Background of the Invention
Field of the Invention 5 This invention relates generally to a Pensioner
for tensivomonep283 belt of a belt drive system More parti BOT/@aS0Y30773t
relates to a tensioner having a linear pulley novenent. Specifically, this
invention relates to a |linear novenent tensioner having a nechani cal

danpi ng nechani sm Description of the Prior Art 10 Power transm ssion belt
tensioners used in conjunction with accessory belt drive systens for

i nternal conbustion engines are known with pulley novenents that are both
arcuate and linear. Certain applggptrignssiesnpgtit fromlinear novenent
tensioners (i.e., those where the T dl'er pultTey contacting the power

transm ssion belt noves in a substantially straight path). An exanple of a
| i near novenent tensioner caniﬁ;g founcfi fltg éS U S. Patent nunbered
4,634,408 to Foster. The 408 e construction of a

rel atively conplex tensioner thaticldRg¢gdaweaitRa a plurality of springs about
a hydraulic__danping mechanism_Further, the carrier, upon which the

t ensi dhi ng JuNs wyentonvelaies ggnerallhigffensionss errtaraqkommmbela@fa bﬁé%dltl\i‘ﬂe carriers
two degre ar| ng
structures%'%tleﬁg I nc\?gm o‘%gﬂ %r%%?eg ?\égsntsg)%lgra he coélliﬁjE Ieakl ng
hydr aul i cSpdcifichlly;Tihés 1hy<dmauk¢1@teﬂmamasmodemeﬂtoag¢bmﬁh@m ﬁi&&}hammt
conpact. _Thys, 'the tensioner appears to be relatively |arge. The

rel ati vel SPRPEESTIREER of parts adds to cost and conplexity of
construction. Further, there i5.8,R8:PYRL PRof &t CONMPensating for the
parasitic torque across the arﬂ—erg*rl?ra't—s"uppvrrs the idler pulley, that
t ends1@ o t wiPower habsntiasion belf tepsibmars uwdﬁnbmqumdthﬁmiﬂw&:neserydfelttdmb/ebal | and
track bearing 25 structur Accor di ngl t her. a continui need for a
| i near rmWéFFg‘?ﬁf%f ?C)l efl“ﬁtéﬁn qrgincg ﬁb@g{ey R¥eRsRE tg‘%@’%@'\’f& d of
hydraul i cgougke Wi ARéa? 928 RaiRGpHIIRRIAIEAER fr%%&rﬁn@&en&éﬁ@tehﬂ%ﬁ'&% ),

those where the idler pulley contacting the power transmission belt moves in a

substantially straight path). An example of a linear movement tensioner can be found in

15  U. S. Patent numbered 4,634,408 to Foster. The ‘408 Patent discloses the construction of
a relatively complex tensioner that incorporates a plurality of springs about a hydraulic
damping mechanism. Further, the carrier, upon which the tensioning pulley is mounted,
engages the track, that defines the carriers two degrees of freedom of movement, with a
ball and track bearing structure. The inclusion of hydraulics creates the concern of

20  leaking hydraulic fluid. The hydraulic mechanism disclosed is apparently not compact.
Thus, the tensioner appears to be relatively large. The relatively large number of parts
adds to cost and complexity of construction. Further, there is no provision for
compensating for the parasitic torque across the carrier that supports the idler pulley, that
tends to twist that carrier, other than the effectiveness of the ball and track bearing

25  structure.

Accordingly, there is a continuing need for a linear movemént tensioner that is

simple, compact, durable and devoid of hydraulics.



The present invention has as an object the provision of a |linear novenent
tensioner that is sinple and conpact. The present invention has as a
further oWERtdde provision of a |inear novenent 5 tensipghigfsomsénsa
mechani cal danpi ng nechani sm havi ng asymetrical danping properties. The
present invention has as a further object the provision of a linear
novenent tensioner wth a nechani cal danpi ng nechani sm having parasitic
torque conpensating properties to enhance tensioner durability and
operation. 10 To achieve the foregoing and other objects in accordance with

t he purpose of the present |n%ﬁghh§g Q&s;enbgdhed and broadly descri bed

herein, an accessory drive sys herein. The invention is an
i mprov ed te NEheoptedent ivelittsnshasak ag objeQi@provisioansTl 15=hOMoP&hént teRBnEensi oner
is of the t pe haV|naga track, a carrier nounted in sliding relation with

t he track‘QﬁE%FWHﬁﬁqﬂ PBgact r eedom of movenent, a pulley rotatably 15
nount ed upo sion belt, a
P nl“ﬁéﬁ'ﬁe At fn'v@ﬁtuﬁﬂgas a9 ongl ?gg]@& tfl@? o@%ﬁ%ﬁ% lmfsaﬂ}en%veme

spring biasing e carrier inal tela {7E¥%, and a
danpi n§ rrmismmmsxmth hmechmdceflldempntghaechammnrhgvmg abyrameftcahdnifsed upon
novenent of the carrier in relation to the track. It is inproved by the
danpi ng nBEWRSHICEm havi ng a shoe placed in asymmetrical danping relation to

the carrier ’PﬁbdprEJéﬁt tnvasikon Haldhab Q?ﬁrth Treﬁeéthﬁ@}[n'ﬁ@fékdhdrﬁ% %fnﬁ%xﬁéd tction

bearing 20 surface in nating relationship w a secon Iction bearing
surface ofensioper widle k mecBuriesl demlrmqhmmsmﬁxavﬂng pBraaiticrigsud hempasatineanyi ng
drawi ngs, _whi ch gre i ncorﬁorat form art of the specification in

whi ch I kB IRGFHSS 1§ SPhRReS 1§ %}?‘éer%iduf("léﬂg [a{l%opqrﬂ trate preferred 25
embodipent s s a&hh@enneeﬁﬁégomgwmth&rb ﬁsaé ih 8RRk Withihd Bﬁpgﬁscﬁ‘rthept I on,

serve to explain the principles of e invention. In the drawi ngs: Figure
1 is a scﬂ?mm@vmé@m,e%@mbéztiledr@nébmdbrd@ﬁ@rheédie@nb@ulamsormﬁnae B}@tml oner in

S N R L I STETE A
PCT/ USO1/ &@xsfission belt. The tensioner is of the type having a track, a carrier mounted in sliding
relation with the track with two degrees freedom of movement, a pulley rotatably
15 mounted upon the carrier and for engaging the power transmission belt, a spring biasing
the carrier in longitudinal relation to the track, and a damping mechanism that modifies
the biasing of the spring based upon movement of the carrier in relation to the track. 'It is
improved by the damping mechanism having a shoe placed in asymmetrical damping

relation to the carrier and the track. Further, the shoe includes a first friction bearing

20  surface in mating relationship with a second friction bearing surface of the track.

Brief Description of the Drawings

The accompanying drawings, which are incorporated in and form part of the
specification in which like numerals designate like parts, illustrate preferred
25  embodiments of the present invention and together with the description, serve to explain
the principles of the invention. In the drawings:
Figure 1 is a schematic representation of a preferred embodiment of a tensioner in an
accessory belt drive system;
Figure 2 is a perspective view of a preferred embodiment of a tensioner viewed from

30 below;



Figure 3 is a perspective view, with portions cut away, of a preferred
enbodi nent of a tensioner viewed from above; Figure 4 is a detail of a
portion ofyvopo2@egfzer red enbodi nent of a tensioner in perspgatusoesyizew, 5
Figure 5 is a detail of a portion of a preferred enbodi nent of a tensioner
in perspective view, and, Figure 6 is a partial section fromFigure 3
taken along line 6 - 6. Detailed description of the Preferred Enbodi nents
10 Figure 1 depicts a typical accessory drive system 10 for an autonotive
internal conbustion engine in which the tensioner 26 of the instant

aut oot i ve. ue ket tite HELSln pbial B EF Sk el of,

engi ne, havengjomer pismed ffonanlsovessi on belt drive for conmunicating power,
that would bepefit fromthe inclusjon of the tensioner 26 of the instant

i nvention. 15184 disedetril ofp pation af ¢ pre crbgdingeng ef grisnsioaer inpon

al t er nat or. :2m 10 includes alternator pulley 14, power steering
punp pul | gfg%g(:tg&é%g@ punp pulley 20, crankshaft pulley 22, power

t ransnbssi onFlgerd 5 B4 detmiboft amstiomef a g feribd raibodieten? 6f 4 temkiodesinf i r st end
support 30 and second end support 32 which serve to close the ends of track
28 and as PeFBFHLE WoY: qli’aunti ng directly or indirectly to the internal
conbust i on_epgiuREs {108arRd sH8RNGERE Figu 9 &ikeR slon2fink 8 —Sf10wn to be in cont act
with belt 24 via tensioner pulley 48g at a span “where power transm ssion
belt 24 departs crankshaft pulley 22 when belt 24 traveling in the

direction of normal op t.{ an, as. sho by the arrow,l abeled "Belt Travel".
During normal operati ctyled T W? 'r_tt% 3‘@?‘@’—0@%%3&Mth the | east
tensi @0. Thi BiduSe MBEMLY a dypibal bidRksory dHOE AlstedDN10 M ¥nALfdR{otS R MNeBY D€

sel ected, dependi ng upon the requirenments associated with the particul ar

appl i cat i sembpsties engine ipwhidytha Ensioneigsofshe insieat inventiosl canbosmplaysdk 28,
descri bed 4 | i i rn the | i.near path be
iy s S R SR R T P
taut bet wdrriadheorpbilistioy sngihe,datingra pomvetr ebndnfissiplel; drive fohtemPnikase:

alternator pulley 14 d crankshaft pulley 22, but for the presence of

t ensi oner PO8YCL tﬁﬁi@%{?ﬁ@?ﬁﬁ@@%ﬁﬂ#w%ﬁ%@m&éﬁ theringtapidpymdionpul | ey

48 fonsanys g8 fﬁﬁie&t 14 is depicted to be mounted upon alternator 12. System 10 includes
alternator pulley 14, power steering pump pulley 18, water pump pulley 20, crankshaft

pulley 22, power transmission belt 24, and tensioner 26. Tensioner 26 includes first end
support 30 and second end support 32 which serve to close the ends of track 28 and as
points for mounfing directly or indirectly to the internal combustion engine (not

20  depicted).

Tensioner 26 is shown to be in contact with belt 24 via tensioner pulley 48 at a span
where power transmission belt 24 departs crankshaft pulley 22 when belt 24 traveling in
the direction of normal operation as shown by the arrow labeled “Belt Travel”. During
normal operation of system 10, this is the span with the least tension. This is merely a

25  typical location. Any other span may be selected, depending upon the requirements
associated with the particular application.

Tensioner pulley 48 follows a linear travel along track 28, described in greater detail
below. It is preferred that the linear path be oriented perpéndicular to the path the
associated span would assume if taut between the pulleys at either end of the span, in this

30 case alternator pulley 14 and crankshaft pulley 22, but for the presence of tensioner 26.

This orientation minimizes the movement of tensioner pulley 48 for any given belt



3 WD 02/29283 PCT/ US01/ 30773 deflection, thus reducing the necessary
| ength of track 28 and allow ng tensioner 26 to be nore conpact overall,

and i npr owepoagssf orce rel ationships within tension 26 to pdi@wizenpsi nal
| ongevity of the internal features of tensioner 26. However, it is

recogni zed that certain applications may not allow this orientation.
Satisfactory results may still be 5 obtained in those applications. The
internal features of tensioner 26 will now be described referring to
Figures 2 through 6. In this preferred enbodi nent, first end support 30

| ncl udes {yeflical i3 ABhe ROAESA2 (b REPERI PRIRENToe ARLoERGhed. for

att achi ng tensi oner to~the engl ne. econ suppor
second at tnerbrempadtovemlldahdiimpanee e fHastrelatoships atithlDtefsiph 06 eslalidwr
' t can be seen that the portions of

attaching tensioponer .26 tﬁﬁ f he ﬁ_rggi ne. % ¢
first ené?pgﬁlﬁ_l) 3, AR NG frdireR ot ISBHARM £Oh blodgverp It infrgogrieshibatend
support 3Zehay iapflicafisROMdy abt AW BRIl §n.4§at%?&lfbr25®uﬁ§ a8 b oM

t ensi oner Bul.l ey 48 and have bottom surfaces approxi mately“aligned on the
same pdanebtasnadin thnse applicetiedsace of tensioner pulley 48. However, any

configurati where first d .secqond .end supports .30, and 32 15 fjnd

at t achment ?glfle( Wéergﬁgfq{gemfﬁgmmggrvglﬁﬁ)@\&{st?egcgqgcr%dirﬁfem%@ﬁﬁ@rp tation to
power tr @suEle6l DithGhrefeddd enBoditihe TRst&hE QuppbbftkindBdds ektid@snmhagy | er
support channel s 58 and danpi ng channel 60. Carrier 46, detailed In

Fi gur es 4 haleg 48 to pereptigsisngamot depiedirfpnatachidg tesiontr 24 wehekndinn carri er

support i ulle 8 1.5 rotagtabl fixed tq carrier
46 by and%jg%ﬁééﬂ%esgg %%%%ﬁ]%ﬁﬁg{ %e%%%A %‘l’)‘/aﬁﬁglgpﬁ’%‘?a |tﬁ§°%§§£aﬁ%’iﬂ§/rsi | udi ng
races162 depicted| fos abidchifgaendigier 26 t@ihe@nginBC [tude be a6l tBal thd peliofPof MR Ch may
be by integral casting or by joining of separate _pieces. Shoe 66 is placed
upon’ car r €84 SURPoEP, ABGng ﬁé%@#‘%?hnﬁn esst, iapd secaadhpred suppext 32apvisgs shoe 66

beari ng. 68 LR T ASLOGK ¢heeck prilR R AE L on i B SRR LU "

spring 25 shrfages dpprokintatd alifredlonfthe sdmesplanags thobitt@dh satficeiessiopecond
spring hook 82 is found at tphe opposite tend of spring 72 and attaches
through f PREWY %%rﬁﬁ&e%o%‘yﬁ’? TGRSR MR tshand SCBQHds@géHBPWOs@ﬁé@rt 32.

once §snSimtiatabithdiYo B ol AR SHErEY RIS pfitefSridfafiitoRBble? 54 1S
transmission belt 24, is contemplated.

Track 28 includes carrier support channels 58 and damping channel 60. Carrier 46,
detailed in Figures 4 and 5, includes carrier bearings 56, which ride within carrier support
channels 58. Tensioner pulley 438 is rotatably affixed to carrier 46 by and journaled upon

20  bolt 50 via ball bearing assembly including races 52 and balls 54. Carrier 46 also
includes angled block 62, which may be by integral casting or by joining of separate
pieces. Shoe 66 is placed upon carrier 46 and about angled block 62 in a manner that
allows shoe 66 to slide over angled block 62 at angled junction 64. Shoe 66 includes
shoé bearing 68, which rides within damping channel 60. Shoe 66 has moveable spring

25  loop 70 through which first spring hook 80 attaches. Second spring hook 82 is found at
the opposite end of spring 72 and attaches through fixed spring loop 74, which forms part
of second end support 32.

Once tensioner pulley 48 with bearing comprising races 52 and balls 54, is bolted
upon carrier 46, carrier bearings 56 are affixed in place, and shoe 66 with shoe bearing 68

30  attached are placed upon carrier 46 (carrier assembly 71) spring 72 is attached at

moveable spring loop 70 and carrier assembly 71 is inserted into track 28. Carrier



upon carrier 46, carrier bearings 56 are affixed in place, and shoe 66 with
shoe bearing 68 30 attached are placed upon carrier 46 (carrier assenbly
71) springol/@d/vsgsattached at noveabl e spring |l oop 70 and garmu®i/zeégsenbly
71 is inserted into track 28. Carrier 4 W 02/29283 PCT/ US01/ 30773
bearings 56 mate with carrier support channels 58 to create a low friction
junction that. allows only substantially |ongitudinal novenent of the
assenbly, within track 28. The relationship between carrier bearings 56
and carrier support channels 58 determne the two degrees of freedom of
nmovemnent Ic| ] 0 . arts .30 and 32
and first Béaﬁg%égggljri]aé@z%@%}éé Z‘#A) og[ﬁg%isa%g C?)?eag%gg)vg@%rtl%ﬁﬁ@céﬂ%?a f track
28. Fast eaksws 6migtsubleqitinlle dnghtudindlnesvenenest @e atdendug Rvifhin gick 2ndrigecond
cap attachnent points 38 and 40, respectively, and conpatible threaded
openi ngs FSAtAnsRIp behreeasauiy beHgs up pod caTignsupRert shanagls SSrdstekmp® the j oi n
all five | SEGRR I i iqxserted through fixed
spring Iog‘%@7 r?%s comﬁ%@?f%%&ggggﬁgﬁédg?a%sgﬁg}yoﬂér 26. The length of track
28 i s Somoritiyst edseond endisupporoditrel 32 dnd firsd dndrsacape enfl capd 34oandrsopre r ed  of

i ly 71 t t h i / iti . of t 0.
Fowever , - PIRES] O Bis6f Fog00 opooHC G (P CRh SIEURG oo ORIt t he
| ongi t udi Bad sdchAY 8dp AfachREAd Iﬁﬁn@@smlw, r%%eétﬁfeﬁx, hRs CorApRiblCtdag0F that can

benefit fromlimted tensioner travel. In such case, a stop can be added
to first epehisgripdirst a8d se®ndedd seppeite 0 asd d2rand, track 28totjoidefiftedwmsFur t her ,
track 28 uld be sized,accordin . lensioner. 26 is then affixed to the
engi e CPyeepeug btk o7 SannCiiied el Bririag foosr 4 BPrblae | T ¢ Cof 1t
traveh( CausseR®1 S tbi§ore? 260 ThE RAGRLSE tadkd2&d &)\ﬁhﬂ&ﬂ? @hdser 4o AoR@nodhfedi Ned
about the working pulleys conprising alternator pu Ie% 14, power steering
punp pul theyfull ganggiof nesiva requitedivd casfhseersbly 73 b respondto ahanging punp pul | ey
20, and cr f I ' l. 48 > nner

depi ot ed PANEOR df o, Hoviber B hERTAYD B PR R TS e

t he rest r it the pengitadinal @avehsBemidrnsseribly 31 felteassa@pladationd thet pbengfitf orce A
of spring 72 to . be transmtted to belt 24 via_ tensioner pulley 48. It

shoul d be 198t kpitedh tensioper taveb ngudb@sanstrnganbeadded ot rad spprest 3G ed
f I: t i i i : i t t 25
or cegsschg i %1%12%8!531}1@?% Gt d"épi%{eﬁ?( FiRh&, ﬁ%{/l@%‘e évgﬁid%gbzleé?ﬁgéok&iﬂgl ut no

magni t ude. ce$ that may actua I stributed over an area or
anong Tensioner 26 is then affixed to the engine. Carrier assembly 71 is then restrained at

or near the limit of its travel causing spring 72 to elongate and allowing belt 24 to be
trained about the working pulleys comprising alternator pulley 14, power steering pump
pulley 16, air conditioning compressor pulley 18, water pump pulley 20, and crankshaft
20 pulley 22, and tensioner pulley 48 in the manner depicted in Figure 1.
Referring to Figure 6, once belt 24 is thus trained, the restraint upon carrier assembly
71 is released allowing spring force A of spring 72 to be transmitted to belt 24 via
tensioner pl}lley 48. It should be noted that the arrow associated with each of the
described forces schematically denotes approximate direction and location but not
25 magnitude. Further, forces that may actually be distributed over an area or among
multiple members such as leveling forces D and E, will be presented as occurring at
single points to simplify discussion ahd to enhance ease of understanding of the
significant operations within tensioner 26. Powerrtransmission belt 24 is thus brought to
static tension. This gives rise to the belt force B upon pulley 48 by power transmission
30  belt 24. Moment C between forces A and B gives rise to a barasitic torque that tends to

twist carrier assembly 71. The parasitic torque, in turn, gives rise to leveling forces D



mul ti pl e nenbers such as leveling forces Dand E, will be presented as
occurring at single points to sinplify discussion and to enhance ease of

under st anglig\@/203s3t he significant operations wthin tensi ggaiuezoFowner
transm ssion belt 24 is thus brought to static tension. This gives rise to

the belt force B upon pulley 48 by power transm ssion 30 belt 24. Minent C
between forces A and B gives rise to a parasitic torque that tends to

twi st carrier assenbly 71. The parasitic torque, in turn, gives rise to

| eveling forces D 5 WD 02/29283 PCT/US01/ 30773 and E at the points of

contact b i i [.rj upport chanpel s .58, which
o ohy bt CRARR ARSI br Rl BRveaR oBRE: GALRLESS SRR BRI EaRac b et moen
carrier bé8ywhigh pbhibincomtimned evistng@fvatries hasemdlys7 EBeyobd thegapb&ivaéd on of

system 10, static,tension is maintained by operation of spring 72. 5
Static teSaiishoeaings et ppd carriesupper chasnels S8ppl i ed to power transmi ssion

belt 24 by t j : ' 08 A48. hai ' i N bel t

t ensi oni ng d]|9 ?@%@?ﬁﬁm\lﬂ% t%hf‘é'ty %gﬁlglf@? betgﬁtke%%l BHI{’ lesn ‘i“ﬁ%”fég bpg’ﬁ’géa@.éﬁg{ %#e;lmkih@t ance
power §r aSsaticsension i eliet re@dt ofsthé furceappiied ta porvedr tahauissioh belwb4 by hersioukt eys

14, 16, 18, 20,'22, 24, and 48. |f |t assuned that each of the pulleys
T2, 16, 2 vimndiaer baliey B oing bissedin B b epsiopafucqtioacyih the effsfiof on
every spareiipil @ 186 didianhd GisBREBpANG tBhsifsgbh belt 805 BitedHONBYAT Bodf%[l'o%b' e

t orque upon each of the working pulleys 14, 16, 18, 20, and 5 causes

t ensi on upampulless thd, 18 20082,264 and 4§ If énwire assnmpd thae packofitie pulkeyy 14,0 an

oscill ator e rrigr. asse 7 eacts commensurately. |n

subst ant i aﬂé’ ﬂ%?@éz,g?jﬂ aa[’ﬁlpﬁléﬁﬁ?‘gﬁ %er}ﬁ}es{r?ei’éagnsfoé‘ A HyRathee ‘%él}fL]?eoﬁet hat
depar g f Mk bi®at sttRltbksid) HowWaek,8rikblatorSe HAGHERbAE Syvkitg ?uﬁéﬁ%t em 10
Wi th poor performance. Dynamic 15 tension is the tension over the 'l ength of

bel t 24 tH4t 16,481 Hb apddcauses tensign upon biaspamingentatt witle tensioyertvdley A8 kuences
of various_i t C lley 14 16, .18, 20, 22,
TR RGAS AN aflcr! PAONE URARLCARL ALY o dind |

and 24, an ere e reaction or tensi hos& infl uences.

The i ssue saibstaatial npakdr of applivatioss, tisikehdsad atdyhadizheidish tddddphanirom tHanpi ng
to tensioner 26. Asymmetrical danping is particularly effective in
conpensat SHHC top degregthat isjunpereptaplerad 3i5yste A8 vith poor peyfpsmance-c Rynamispi ng i s

sher o 81 B L8 e 1 R UPIE Rl g Spanterol
di r ect i on bgftherinfleenses of Faious abalmsdeannd @i tefgae meon eavhquillay h4,, 16048 R0ng
22, and 24, and as altered by the reaction of tensioner 26 to those influences.
The issue of poor performance is resolved through the addition of damping to
tensioner 26. Asymmetrical damping is particularly effective in compensating for

20  oscillatory tension. Generally, asymmetrical damping is where the damping level for one -
direction of movement of carrier assembly 71 is significantly different from the damping
level in the other direction of movement. For the instant preferred embodiment, damping
is greater when carrier assembly 71 is moving in the belt loosening direction than when
carrier 71 is moving in the belt tensioning direction.

25 The damping for tensioner 26, of the preferred embodiment depicted in the figures, is
provided by the damping elements comprising damping channel 60, ‘angled bloclg 62,
angled junction 64, shoe 66, and shoe bearing 68. Referring to Figure 6, when carrier
assembly 71 moves to the left, it is moving in the belt loosening direction. To the right is
the belt tensioning direction.

30 When system 10 is assefnbled but not operating, carrier assembly 71 will be at rest

and spring 72 will be partially extended. Spring force A and belt force B will be in



is greater when carrier assenbly 71 is noving in the belt |oosening
direction than when carrier 71 is noving in the belt tensioning direction.
25 The daww @edgdr tensioner 26, of the preferred enbodi magirgepiket;ed in
the figures, is provided by the danping el ements conprising danpi ng
channel 60, angled block 62, angled junction 64, shoe 66, and shoe bearing
68. Referring to Figure 6, when carrier assenbly 71 noves to the left, it
is noving in the belt | oosening direction. To the right is the belt
tensioning direction. 30 Wien system 10 i s assenbl ed but not operating,

i v 7% Wi d spring 72 ,will tiall
xt endea SARRDiYn{ Solll forb® AT} uhihicq AhaRililfihoh Bl angiliicB Birisiloree
PCT/ US01/ 302d®its kmgithdihalicompofaattiAtgafdovesticabcompdeanal' ahe dives risde ed

junction 64 as transla ed{gifing force A and its |ongitudi nal conponent

A", and v&FAcHeRgry somsolREsst AAanddtsdongitpdinal caspponent A A3 and wertesl copwPRRNtf or ce

AN and it s Aengj j ﬁyﬁﬁai ' . v

React i ona?yL \ieg%%cgg{lﬁglgﬁ%%glg%t d Or?%gé’s‘ésﬁé%ﬁf%o@%?%ﬁﬁ%ggaf% énl}(r)f ace 76
into 5 erggagenment with track fretikn bedrotg sorfabee?®. i Tids sunfragiees/Bse tdosmivard ur n

gi ves ris? to_downward force F. Once system 10 begi ns operating, dynamc
tensi on wi?®Eiter belt force B and cause carrier assembly 71 to nove.

During t hosepp& dyelds wl%girﬁedpkraftiags@ynanw UG R] HRYDER forlcl ﬁardn%rcgas%s enbl y

71 to nove in thé belt |cosening direction, friction is generated at the 10
i nt er f ace cafries hssemblyi Tt to amovise dhiring thesefpadedsagheariwtltformekB grovetandwalzesar i ng

surface 78, .This iction _generat | oosen|. nq. danpi .ng .f orce This force
i s transl &84 ?%e‘aﬁéﬂ @otojnﬂfh th_gl??abegth%sﬁamjg@:lrﬁg“ ’?‘Eﬁ?gﬁ ge@ne!r%%c%tt €to
i ncreage tlerfaRMTishoiRicAbn berRigtsuffhat6 HRAIMRRR BdtioN bearid b ficBR! q\(ljaisl y

increases the magnitude of reactionary vertical conponent AA'"' and downward
force F, Wh¢tim gesetatesionsening dampingtionce iy Thaforechis translpted té argled mwetis t he

78 15 i nePegadipi O S R R e Re ARGt EH AT RS AT o 7

i ncr eases Thixdaéindos inkaeasenthe ntiphftuddof redctiodary veaIval agnpdneat ABM aniises when
carrier assenbly 71 is forced in the belt. |oosening direction. The

conver se dewnrard fareerfs whagh is @é‘?@?b‘_ﬁ?%@f %ﬁf"édhmﬁﬁ mpting foscereppsetied preferred
enbody gent.Iehie AP RO b@a@ﬂ&% ot RGEE Ak beating surface 78 is increased.

This increase, in turn, sets-up a feedback loop which increases loosening damping force
G. In sum, damping friction rises when carrier assembly 71 is forced in the belt
loosening direction. The converse oceurs in the belt tensioning direction.

In the depicted preferred embodiment, the angle X of angled junction 64 is

20  approximately 45°. Angle X can be adjusted to alter the level of damping asymmetry to
accommodate differing applications. As angle X approaches 90°, asymmetry approaches
zero. Asymmetry rises as angle X diminishes. However, there is point at which too low
an angle X results in a non-functioning tensioner, due to jamming of the mechanism or
degradation of structural integrity. ‘

25 Longitudinal placement of angled block 62, in relation to carrier 46, is significant to
wear patterns and durability of carrier bearings 56. As discussed above, spring force A
and belt force B acting about moment C results in parasitic torque upon carrier assembly
71, clockwise in Figure 6. This is countered by first and second leveling forces D and E.
Movement of carrier assembly 71 under the effects of dynamic tension or otherwise, in

30  conjunction with leveling forces D and E, form the predicate for wear of carrier bearings

56. Ignoring the effects of downward force F and vertical component A", it can be seen
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asymmetry to accomodate differing applications. As angle X approaches 90,

asynmet r ywgppoaghes zero. Asymmetry rises as angl e X di migisdaese77klowever,
there is point at which too low an angle X results in a non-functioning
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carrier 46, is significant to wear patterns and durability of carrier

beari ngs 56. As discussed above, spring force A and belt force B acting
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Accor di nglsyppaschaanels 68 cAcerdinglyy asaweﬂ@ctm;s,siamerﬁértwiam ingtegsifigy far
before second leveling force E participates in leveling carrier 46 within carrier support
channels 58. Vertical component A" is not dependant in that fashion and is present at all
times that spring force A is present. Thus, whenever vertical component A" is left of the
20  lower right edge of carrier bearings 56, it acts to level carrier 46 at all times that spring
force A is present, tending to maintain carrier 46 level to track 28 and tending eliminate
the uneven wear pattern and improve durability carrier bearings 56. The farther vertical
component A" is moved left, the more pronounced is the effect.
It is contemplated that angled block 62 can be placed anywhere within the left and
25  right extremes of carrier 46, or even extended beyond its depic‘ged longitudinal
boundaries, and achieve a working tensioner 26. However, it is preferred to place angled
block 62 at a point where the wear along the lower portion of carrier bearings 56, that
normally make contact with carrier support channels 58, is substantially uniform. This is

a function of the magnitude of moment C, placement and magnitude of damping forces G

30 and H, length of carrier bearings 56, coefficient of friction between carrier bearings 56



before second leveling force E participates in leveling carrier 46 within

carrier support channels 58. Vertical conponent A" is not dependant in
t hat fashiywgy@osksis present at all times that spring foragtAdesseesent .
Thus, whenever vertical conponent A'"" is left of the 20 | ower right edge of

carrier bearings 56, it acts to level carrier 46 at all tinmes that spring
force Ais present, tending to maintain carrier 46 level to track 28 and
tending elimnate the uneven wear pattern and inprove durability carrier
beari ngs 56. The farther vertical conmponent A" is noved left, the nore
pr onounced;, . oS e 2 can be
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even ext ejdetdohé}ondacd area efangielduhaivgi Gudidether factursdari es, and achi eve a

i Hawever, referred to pl aﬁ%e angl ed bl ock 62 at

wor ki ng t ensj,oner, 26. , b
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magni t Bide depiciddntbenereftomcaged @sBHl YischnHinot endgpbrfain frxtioh eontbalabiangs 56,

coefficien f.frigti e en carrier bearings 56 .8 WO 02/29283
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coef fici eng and shdd 6. i'vRioat otRsRPes irdR6htRBlaEA indHlihaaestad 2, Afpraaghed
junction 64, and other factors. Shoe friction bearing surface ‘})6 and track

friction béaesteyVsinrfapeatednestdpl’s. Subdentiallprectangular skapds awaiot ude of
danpi ng f%&%?l git%nd H For the preferred enbodinent 5 depicted, they are
truncat ed Nest 8 "s and not only performfriction control so as to affect
f orces0 G andTdwartitlie &ids of peitifolling &ictiom gl dngtbidiadctiah icg)veidus khpes heh bet ween
track 28 and shoe 66. Various other shapes are contenplated including
nest ed V' §ontguisican he phapen fir thesuriages atangled jyngtiem 64 dlnibe praferveds |

Subst ant i -ti]?efﬁ} SO, A0 a4 gq 1 t he ends
of cont rolgHbﬁcél ri g%?%“?l&éltlesanggisdﬁjéglﬁctl Oﬁpg%?fa@g?% ou lsaﬁa%%‘g% n contours
can be chesiares as ndsted B'w ot aphaality ofngdteV]sysiatilanto thd wokking kerfeebfs ved

enbodi nent. depj cted, the surfaces are flat and substantjal]y rectangul ar.
Havi ng thé‘bg%‘m’eﬁ% sspeiatedspd NE 1n%pr5¢ra§e§|tq> ‘E‘imﬁ_?ﬁ %Hé’é’tné PLUCKAi | ar to
the wes ki ngo1s@|fR66:5 60T TR Nestdd WRednffAdy &!}ﬁu@ﬁf,%h%fs@%r&#ihé gy, can be
incorporated to control frictional properties a

longitudinal alignment function between carrier 46 and shoe 66. Various bearing

configurations, not depicted, can be interposed at angled junction 64, including friction
reducing materials, lubricants, ball bearing assemblies, or roller bearing assemblies.
Even parallel swing arm assemblies, which act across angled junction 64 to separate
20  angled block 62 from shoe 66 and thereby reduce friction and wear, can be attached at
appropriate points upon the sides of angled block 62 and shoe 66. While each, of these
approaches, controls friction and wear, they also add complexity and expense, to varying
degrees and their appropriateness will be application specific.
If a more complex and expénsive bearing assembly is chosen to replace the simple
25  and economical carrier bearings 56, such as ball and track bearings, the effect of
longitudinal location of angled block 62 is less obvious. Howéver, overall life of any
bearing chosen and smoothness of operation can be affected.
In sum, the preferred embodiment depicted in the Figures allows a compact tensioner
with linear movement. The inclusion of mechanical damping, as opposed to hydraulic,
30 allows both its compact size and avoidance of the disadvantages of the inclusion of

hydraulics. The mechanical damping mechanism is sophisticated to the point of allowing



15 angl ed junction 64. The nested V's, singularly or plurally, can also
provide a |ongitudinal alignnment function between carrier 46 and shoe 66.
Vari ous baqydapgzszconfigurati ons, not depicted, can be i nt eiqapsed etz angl ed
junction 64, including friction reducing materials, |ubricants, bal
bearing assenblies, or roller bearing assenblies. Even parallel swng arm
assenblies, which act across angled junction 64 to separate 20 angl ed bl ock
62 from shoe 66 and thereby reduce friction and wear, can be attached at
appropriate points upon the sides of angled block 62 and shoe 66. v%ile
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26, for tho Egra}é ons requiring it, spring 72 can be | ocated outside
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of track
Further, abutting relationships can be made on the right side of first end support 30 and

the left side of shoe 66 to support a compression spring, without disturbing the significant
force relationships regarding damping asymmetry and wear pattern improvement. The
compression spring can either augment or replace tensile spring 72.

20 The foregoing description and illustrative embodiments of the present invention have
been showﬁ 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 be practiced in the absence of any element '

which is not specifically disclosed herein.
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and thus tensioner 26. A torsion spring can replace the depicted tensile
spring 72, whether inside or outside of danping channel 60. It is nerely
necessar ywign2possert the rotary notion of a torsion 15 sgdingsoi@oas! i near
notion via a cable connection or other well-known mechani sm Further,
abutting relationshi ps can be made on the right side of first end support
30 and the left side of shoe 66 to support a conpression spring, wthout
di sturbing the significant force rel ationships regardi ng danpi ng asynmetry
and wear pattern inprovenent. The conpression spring can either augment or
repl ace. tf@lﬁi e spring 72. 20 The foregoing description and illustrative
enbodi nents of the present invention have been shown on the draw ngs and
described in detail in varying nodifications and alternative enbodi nents.
It shoul d_be understood, however, that the foregoin description of the

i nvent i onli sARuBRSVed (pngamey forfrusioning a ppweriEansmissiontslt of thedype bavingat o be
limted onl : I B r b 1 W 3 I .

Vor eover .t ek eaif R Redh P ELF iy ol o Q08 REIEES 8K oy e
practifed i rofttheveairatngallef raatyble hevvbted upohsab ciusienaid fopesgdoigadaid

di scl osed herein., 10 WD 02/29283 PCT/US01/ 30773, | clajm 1. An inproved
tensi oner f dIOWEHRPIRISHA Belh g\verng Piasiagsad icawicpin longtudingd relgtion aidhg a
track, a cargicgr ' il e i i gt |

egr ses 1 oam e B e e Sk DA S b
carrier and rhovenesngafsaidcadeninpeladon torsanistricksthe impeivemenst coprprisingbi asi ng

said carrier in.longitudinal .rel.atian to, sai.d .track nd danpi ng
mechani sm t hat SH8 E‘gnf‘?‘fgarﬂ?rﬁé’?ﬂ 8¢ a§}é‘?ecplg‘i?fjiI%@SyﬁgE%HCﬁ%H‘p%vemant of
said e@rrier in r@laibh &saiPcazAérthntlsaidrack RdiiARGANE FBRdt ffié’t'iﬁ?ffbe%}iﬂgi sai d

danpi ng mechani smincluding a shoe placed in asymmetrical danping 10

rel ation to sai d safeed wrmaing relationshimwith aaeapnil fid¢tiosi begring surfase of saidt i on
bearing surface tiar?: mating relationship with a second friction bearing
surface of said {rgtk. 2. The inprovenent of claim1, further conprising:
15 said asymmetrical danping relation being said shoe in nechani cal

2. The improvement of claim 1, further comprising:
15 said asymmetrical damping relation being said shoe in mechanical
communication with said carrier and urged toward said track upon movement

of said carrier in one degree of movement.

3. The improvement of claim 2, further comprising:
20 said mechanical communication including an angled junction between said carrier -

and said shoe.

4. The improvement of claim 2, further comprising:
said mechanical communication including at least one swing-arm between said

25 carrier and said shoe.

5. The improvement of claim 2, further comprising:
said mechanical communication including a pivot between said carrier and said
shoe.

30
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communi cation with said carrier and urged toward said track upon novenent
of said carrier in one degree of novenent. 3. The inprovenent of claim 2,
further comii®tgdg: 20 sai d nechani cal conmuni cati on i ncl y@tagsoasoasgl ed
junction between said carrier and said shoe. 4. The inprovenent of claim
2, further conprising: said nechanical comunication including at |east one
SW ng-arm between said 25 carrier and said shoe. 5. The inprovenent of
claim2, further conprising: said nechanical conmunication including a

pi vot between said carrier and said shoe. 30 11 WD 02/29283 PCT/ US01/ 30773
6. The i npr i m: 1 Ising: said shoe being in

di rect ng@hgﬁﬁggﬁ&%gﬁﬁﬁtﬁgg?ﬁgk%ﬁﬁ%ﬂ%é%@ggg'ring. 7. The inprovenent of
claim 11, furt herid sloyireiry inglire&t rsehanidalroohmgunicatibamithisaideplingi ng t or que
conpensation. 12

7. The improvement of claim 1, further comprising:

5 said damping mechanism including torque compensation.
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