1 9 NOV 2004 Title Tensioner 5 10 Field of the Invention The invention
relates to tensioners, nore particularly to tensioners that are spring

bi ased, wedge actuated belt tensioning devices having danp?qpm&wgz ed with
belts for vehicle accessory.drives. Background of the Inventio St engi nes
used for autonmobiles and the |ike include a nunber of belt driven accessory
systens which are necessary for the proper operation of the vehicle. , The
15 accessory systens may include an alternator, air conditioner conpressor
and a power steering punp. The accessory systens are generally nmounted on a
front surface of the engine. Each agggssory woul d have a pulley nounted on
a shaft for receiving power fromsome tormof 20 belt drive. In early

., systenms, each accessory was driverfensioaegeparate belt that ran between the
accessory and the crankshaft. Wth inprovenents in belt technol ogy, single
serpentine belts are now used in nost applications. Accessories are driven

. by agsingle serpentine beltgfaujeds2ona2nbigedfioyari ous accessory
conponents. The serpentine %EET*’TS—GT?VEn—bV“rhe engi ne crankshaft. Since
the serpenti nehdeinvensioheredated tto dlensiapesssomoge partimnlgsrdaral |y
becone longer than its _predecessors. Tq ,operate oper | h el.t is
i nstal | &P 3benpiAnarfr &hadt e?ﬁFné&rﬂéﬁsMs i‘ffg)‘iiﬁ)gr QFEE?EFﬁ g’terlett ches
SITONt] Yy o Y s ety UHE 91 £8 52 HRATRPASGatPi kG hnbeiSe@ with belts for
vehicle accessory .drives.
10

Background of .the Invention

Most engines used for automobiles and the like include
a number of belt driven accessory systems which are
necessary for the proper operation of the vehicle. The

15 accessory systems may include an alternator, air
conditioner compressor and a power steering pump.

The accessory systems are generally mounted on a front
surface of the engine. Each accessory would have a pulley
mounted on a shaft for receiving power from some form of

20 belt drive. In early systems, each accessory was driven by
a separate belt that ran between the accessory and the
crankshaft. With improvements in belt technology, single
serpentine belts are now used in most applications.
Accessories are driven by a single serpentine belt routed

25 among the various accessory components. The serpentigg belt

is driven by the engine crankshaft.

Since the serpentine belt must be routed '?o .all
accessbries, it has generally become Jlonger than its
predecessors. To operate properly, the belt is installed

30 with a pre-determined tension. As it operates, it stretches
slightly. This results in a decrease 1in belt tension,

which may cause the belt to slip. Consequently, a belt




whi ch may cause the belt to slip. Consequently, a belt I 19 Nov 2084
tensioner is used to maintain the proper belt tension' as -the belt
stretches during use. As a belt tensioner operates, the running belt may
excite oscillations in the tensioner spring. These 5 osci l1atN¥ng0tr e
undesi rabl e, as they cause premature wear of the belt and tensioner.
Therefore, a danping nmechanism is added to the tensioner to danp the

oscillations, Variqus danpi ng nechagni sns_have been deve] oped. .They_incl ude
vi scous ¥§5 P s ed Sd stgné@fiﬂ?aslrfh Eggeé’rc?r?erl ﬂc?‘ie&ﬁéfmsu?? aces

sliding..qle igygar act +OPcNb & hagAfRg Ok &er . and danpers using a series of

I nteracting springs. Representatfve of the art is US patent no.
4,402,677(1983 o PRallbcajensiiarernli speaatesa tensi awanirgvbeytamay shaped

housing. A pair of cam pl ates having: 15 camming surfaces are sl j.deably
nount ed Xk L°§ﬁh'b;§€|€1ﬂ6ﬁsi 8. Eq'teorrp?%%ﬁ%‘%e§pr§ﬁ§159ases tHEE ¥ i ng

pl atgs _int. el a . Wb e r yehrd of the .
ca ngO qé%ggggg%a%PgOQ§F?%EE%§l§ﬁg%§p0€ﬁ€§ F?§§§ Pﬁron?ﬁgesﬁgggge bei g
gr eat er dfhaghd hee 2BghadoftensidheaanconTherafibng, sar danping sweaheprissent ati ve
of the art is US. patent no. 5, 951, 423 (1999), to Sinpson which discloses
a nmechadisc@dderd itq ithe ttansiomar e idapR filts padddat e- shaped bl ocks

BT R e
i nwar d theiwedoershapad bingiks baksedpuddimse osif Waedhaaigmsyibiesédi ani on
danping. The prior art devices rely on springs or other ‘
10 frictional surfaces sliding oxr interaction with each other,
and dampers using a series of interacting springs.

Representative of the art is US patent no.
4,402,677(1983) to Radocaj which discloses a tensioner
having an L-shaped housing. A pair of cam plate; having

15 camming surfaces are slideably mounted in the t-shaped
housing. A compression spring biases the camming plates
into sliding engagement with each other. The included
angle of the camming surfaces egqual 90° with the angle °§ a
first camming surface being greater than the angle of a

20 second carmning suriace.

Also representative of the art is U.5. patent no.
5,951,423(1999) to Simpson which discloses a mechanical
friction tensioner having spring loaded wedge-shaped blocks
and friction damping. The tensioner has a wedge-shaped

25 piston that interacts with spring biased wedge%shaped
blocks. As the piston moves inward the wedge-shaped blocks
are pushed outward to provide friction damping. ‘

The prior art devices rely on springs or other
components, each oriented on axes that are set at a-pre-

30 determined angle to each other. They also rely on a

plurality of springs to properly operate the damping




conponents, each oriented on axes that are set at a pre- 30 determ ned angle
to each other. They also rely on a plurality of springs to properly operate
the danping 2 1 9 NOV 2004 conponents and to urge the belt pulley into
contact with a belt. The prior art does not teach a darrpigg ﬁﬁ gnts
that operate coaxially. Further, the prior art does not tkeé&dc se of an
expandabl e canm ng body. Nor does it teach 5 the use of an expandabl e
cammi ng body that expands radially. Nor does it teach the use of an
expandaltanpenanis ngndodp tukde ekpanbelt aBraley inteesoptact &ikdy ehent

agai nst .a jpisto Noy. es' . h_the e.of _a n 1 ng body
t hat exﬁ’aﬁ?&s' ra?i%ﬁ I?rgﬁrreasllp%négggl&o?o 1{r'rgt)atvt':eljrr\e?]t aaglgng'\ii?]@t dg&?pgoptgre pi st on.

Wiat i s gipidegdpbtatet GEEONEILPAVI LA HRAAXi Bhe PipTi®r @l dagsi npthody
operating coaxially. What is needed is a tensioner having an expandabl e
cami ng tieabh u¥emtof sancedpandable cemmiingeboHsvi ndloan degsarddatieaur oni ng

_body_that is 15 radi.al |y expandabl VWhat i s needed. is ensj.oner, havi ng
an eXpa | ¢1%%r oﬂff_ng d ’fﬁﬁ%‘f‘_&)ﬁ‘@? ad?%\mn%xpgﬁggbl gﬁla%. re_é? g‘rﬁlssg to
nmovenent.3gainst. anysSt YresN3it | teBefdedheS dsel S| AP ipdntabARe

expandabl e car 6m ng body that expands radially in response to novement
agai nst caniiper dibgy sthat epanids pradiently nimnresponset $ot meyemeadds.

Sunmary of the Invention The ptimary aspect of the invention is tqQ provide a
tensi on@daHAFitngda PIBLCA tapélPéd é???on"gnd_{%%? mﬂb‘? bJtRF °?5 Afot her
e Uph R ARG PP EHAEC SSRES! s imy o gt <
10 to movement against a tapered piston. -
What is needed is a tensioner having a coaxial piston
and camming body operating coaxially. What is needed is a
tensioner having an expandable camming body. What is ‘needed
is a tensioner having an expandable camming body that is
15 radially expandable. What is needed is a tensioner having
an expandable camming body that is radially expandable in
response to movement against a piston. What is needed is a
tensioner having an expandable camming body that expands

radially in response to movement against a tapered piston.

20 The present invention meets these needs.

Summary of the Invention

The primary aspect of the invention is to provide a
tensioner having a coaxial tapefed piston and camming body.
25 Another aspect of the invention is to provide a
tensioner having an expandable camming body. .
Another aspect of the invention is to prdV?de a
tensioner having an expandable camming body that 1is
radially expandable.
30 Another aspect of the invention is to provide a

rensioner having an expandable camming body that is




t ensi oner having an expandabl e camm ng body that is radially expandable. 30
Anot her aspect of the invention is to provide a tensioner having an

expandabl e cammi ng body that is 3 1 9 NOV 2004 radially in
response to novenent against a -piston. Another aspect g?gﬁmi?ﬁm@%ntion S

to provide a linear tensioner having an expandabl e carom ng body t hat
expands 5 radially in response to novenent against a tapered piston. O her

aspects of, .t i nventi.o i 1| poi ut, or Vi t
foll ow rﬁj‘ Y ptq%pné%&%ée iirz@en%g(}%&%aér)ld ’ﬁ?e méggeg%gﬁyia%ﬁ raw %s. The
inventigﬁsqggprises a sel f-contained nechanical 10 belt tensioner that

produces danping which is a function of applied hubload through the effect
of frictionalAncdhess askedtycdf f then iheentianngsatei pro¥ideurudiingadpposi ng -

wedges. A cqnical piston is containe ithin a housi,ng.,.. The ' i ston
cooge?attéé‘s\?vﬁrﬁra EIB?W'BQI I‘.\'?%dSépg:n%fgl\éman%#%”b%dg’%agﬂet%%ﬁi ggﬁ%%\}e geplslsi des
on tde iLBAgRL1 IHINGR Porddee #uidvithenth@gadistala Wapeeeids pistionl.! v

| .
expandagﬁe I'n direction normal to the housin%. A spring urges the conical
wedge into eoghgenmepedits ofietbeniioakentjiont orillade eoimtedyont ©Faded, as

vedge TARE, AHYiciih, bVt Fbec A Bt e el 197 Rk nd Py8ar he

s houdhlg Hhief peBRpadaral il el 00, o |10 con ol vedge i
The invention comprises a self-contained mechanical

10 belt tensioner that produces damping which is a function of
applied hubload through the effect of frictional forces
derived from the sliding action of mutually opposing
wedges. A conical piston is contained within a housing.

The conical piston cooperates with a conical wedge or

15 cémming body. The conical wedge slides on the innerx
surface of the housing. The conical wedge is radially
expandable in a direction normal to the housing. A spring
urges the conical wedge into engagement with the conical
piston. As the pulley is loaded, as with an impulse load,

20 the piston will move into the conical wedge. This, in turn,
will cause the conical wedge to radially expand against the
inner surface of the housing. The expansion of the conical
wedge in the housing will increase the frictional force
between the conical wedge and ihe housing. This will have

75 the effect of damping movements of the wedge and conical
piston. The greater the impulse, then the greatér the
expansion of the conical wedge. Hence, this increa;esathe
resultant frictional force resisting movement between the
conical wedge and the housing. As the load moves toward a

30 minimum, the camming body radially contracts and the

frictional force is abated to a low level allowing ease of

retraction of the piston.




bet ween the coni cal wedge and the housing. This will have 25 the effect of
danpi ng novenents of the wedge and conical piston. The greater the inpul se,
then the greater the expansion of the conical wedge. anﬁ%,HbQiz hNCreases
the resultant frictional force resisting novenent betweenvt %Hical
wedge and the housing. As the | oad noves toward a 30 m ninum the canning
body radially contracts and the frictional force is abated to a | ow | evel
all owi ng ease of retraction of the piston. 4 1 9 NOV 20 4 Brief Description
of the Drawi ngs The acconpanyi ng drawi ngs, which are incorporated in 5 and
forma part of the specification, illustrate preferred enbodinents of the
present invention, and together with a. description, serve to explain the
.principles of the ingadefoRescription ofy theodrawdagisonal view of the

[ ion. 1Q.Fig. 2 IS, I [ f.th d h h [
S 0 L0l 952k SReRyERelL M ek SREckBBHERE" it oho

. sect5on A4 2bokm B part SF Ithd 'spe2i¥idationS139ustate Prdfetd danpi ng
15 section of the invention. Fig. 4 is a perspective view of the wedge.
Fig. 5 ienbodicespisrt 0fe thieevpoéseme phnyeobitn, afidy. tegether pwitped i ve view

of the housing 1. Fig. 7(a) is a schematic free body diagramaf the 20
danpi ng dr?esccfﬁa?ts"rﬂ’ﬂur i ﬁﬁ’g‘é co%’ﬁr eseéﬁpgﬁlé‘c r oRRE F?ﬁi"x?f‘B?g?s ggsc tic free
body di agf\aRidfori.ne danping nmechani smduring a return stroke

Fig. 1 is a cross-sectional view of the invention.
10 Fig. 2(a) is a top plan view of the wedge through
section 2a-2a in Fig. 3. .
Fig. 2(b) is a side elevation view of the wedge
through section 2b-2b in Fig. 3. '
Fig. 3 is a side cross-section view of the damping
15 section of the invention.
Fig. 4 is a perspective view of the wedge.
Fig. 5 is a perspective view of the piston 14.
Fig. 6 is a perspective view of the housing 1.
Fig. 7(a) is a schematic free body diagram of the
20 damping mechanism during a compression stroke.
Fig. 7(b) is a schematic free body diagram of the
damping mechanism during a return stroke.
Fig. 8 is a cross-sectional view of a first alternate
embodiment of the invention. |
25 Fig. 9 is a plan view of the wedge for the alternate
embodiment. '
Fig. 10 is a cross-sectional view of the housipg for

the alternate embodiment.

Fig. 11 is a cross-sectional view of a second

30 alternate embodiment of the invention.

Fig. 12 is a cross-sectional view of a third alternate

embodiment of the invention.




Fig. 8
i nventi on.

enbodi ment. Fig.
alternate enbodiment. Fig. 11 is a cross-sectional view of a second 30

alternate enbodi nent of the invention. Fig. 12 is a cross-sectional view of
athird alternate enbodinent of the invention. 5 19 NOV 2004 Fig. 13 is a

The tnventi o 19 g2 155 & SIS Loty YR AfabgeREr aREAs T (i

t he invention.” i g.

S a cross-sectional

10 is a cross-sectional view of the housi ng gy 20(he

Cross-

al t er naif o d It Ynfe tdibddiedt O thdi Davekfticha plan view of a
tensioner. Fi

for an alt er age evboll$ mencrasigy.sertiicnadn vy prlonyi awlof Atheofedye for an
al ternat nbodi ment... 10 Fig,. 18 is end, pl an .view of the tube of
al ternal“'g'fz"r‘f‘b(‘fil itr?é:ﬁ‘ta.teFie&b%"’?%“far?@%epl Y q:é\ﬁrbf the wedge for an

16 is a perspective expl oded view of the danping nechanism

al tegnate empedi, Mast isHia0.pidh Vidah NG RAHsign@¥ . 0f the tube of an

alternate enmbodinent. Fig, 21 is an expl oded view of the wedge and tube for
an al t er nat eFéghodithehs . aDpeaisped thyec rdxpiagdedivide ©f etber dampdingdi nent 20

Fi g.
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IS cross-secti ongl view of the,.invention. A
mecganlsm for an Siternate e qdlmeﬁ%.

Fig. 17 is an end plan view of the wedge for an
alternate embodiment.

Fig. 18 is an end plan view of the tube of an
alternate embodiment.

Fig. 19 is an end plan view of the wedge for an
alternate embediment.

Fig. 20 1is an end plan view of the tube of an

"alternate embodiment.

Fig. 21 is an exploded view of the wedge and tube for

an alternate embodiment.

Detailed Description of the Preferred Embodiment

Fig. 1 is a cross-sectional view of the invention. A
linear tensioner is shown having a damping section that is
distinct from the pivot/pulley section. Housing 1 contains
the damping components for the tensioner. Housing 1 in the
preferred embodiment is cylindéical. However, housing 1 may
have any shape generally compatible with the operation
described herein. Pivot arm 3 is pivotably connected to
housing 1. Pulley 8 is journaled to pivot arm 3. Pulley B
engages a belt B to be tensioned. Adjuster or adfusting
screw 7 having a flange is threaded into an end of housing
1 and is used to adjust or fine tune the spring preload
force and hence the damping force by turning clockwise or

counterclockwise as required by a user.

an

15 '

view of a first alternate ehbodinent of the
25 Fig. 9 is a plan view of the wedge for the alternate |




| i near tensioner is shown having a danping section that is distinct from
the pivot/pulley section. Housing 1 contains the danping conponents for the
tensioner. Housing | in the preferred enbodiment is cylindrilchINOVHGIgver,
housing 1 may 25 have any shape generally conpatible with the operation
described herein. Pivot arm3 is pivotably connected to housing 1. Pulley 8
Is journaled to pivot am3. Pulley 8 engages a belt B to be tensioned.

Adj uster or adjusting, screw 7 having a f|lange is threaded int end of
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_wedge 1%holé VHge wedgeanohbgrbady fadecdrprisesladingky edngagednivddih hol e

15. Wedge outer surface 16 is slidingly engaged with housi ng}rénner surface
17. Weddwusing danedce SELAGR 51denpr iNRAGe nONYEEal PRELAGR ert &I P& ich as

I ' ljc. Pi | ' I gal E 9 of
b Sion PR Cige, aeRtR LA g, Tloog | 88 RISBRACEI85, e 15

in wedgehkhold 20P0EtBhsUAN dhmpifgElsid ecybendoicahl skapecoBpdr dtSes wi th
bearing point 18. 10 Bearing point 18 allows pivot arm3 to resi#pon t he
end 20off piisten 1¥4wihamutd ukapersfndhg frpsgocopirals shary HALF vi ew of
t he wedge through .sectign,2a- in Fi 35 V\ed r ' y 1443
conpri s%?oﬁed:talsﬁ%fo,w ﬁh gf%és 1}3 lp'{r]o'fée% ®t #3m a%%(gﬁtze(faq? Eg?nge 13)4f t he
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surface of the wedge. Slots 40, 41 allow wedge 13 to radiallz ex%%pd and
cont@acBearing point 18 allows pivot arm 3 to press upon the e
20 of piston 14 without undue binding.
Fig. 2(a) is a top plan view of the wedge through

section 2a-2a in Fig. 3. Wedge or camming body 13
comprises slots 40, 41. Slots 40 project from an outer

15 surface of the wedge toward the hole 15. Slots 41 project
from hole 15 toward an outer surface of the wedge. Slots
40, 41 allow wedge 13 to radially expand and contract,
shown as bi-directional arrow E, as the tensioner operates
according to the following descriptions. One should note

20 that although the surface 16 is shown as smooth and of
circular shape in this Fig. 2a, surface 16 may have other
shapes or profiles as described in the other figures
described in this specification.

Fig. 2(b) 1is a side eievation view of the wedge

25 through section 2b-2b in Fig. 3. Slots 40 extend from a
first surface 44 of the wedge and slots 41 extend f}om an -
opposing surface 45 of the wedge as compared to thg,first
surface. Slots 40, 41 further comprise holes 42, 43
respectively, which allow the wedge sides to expand and

30 contract without causing cracking or failure of the wedge

at each slot end.




shown as bi-directional arrow E, as the tensioner operates according to the
follow ng descriptions. One should note 20 that although the surface 16 is
shown as snooth and of circular shape in this Fig. 2a, surffce 13 y have
ot her shapes or profiles as described in the other figure NBE Uﬂzd in
this specification. Fig. 2(b) is a side elevation view of the wedge 25

t hrough section 2b-2b in fig. 3. Slots 40 extend froma first surface 44 of
t he wedge and_slots 41 extend froman oppagsing surface 45 of , the wedge as

conpared to tHeg + f PrstS fur FAEE. @Qﬁ%‘sﬁ(ﬁtl@ fYteNerrfohpri amRANG 42, 43
respect iguely ’or}’"héfhtf}la'! Q.‘P{vterﬁ%fi‘&?ﬁ%% - :‘Eh?e:?xgﬁ”gf.gndlg’o ‘ﬂ;ﬂ;le( Wi t hout

causing cracking or tailure o e wedge at ea i end. 2004
Fig. 3 bf athédpiratssazect3 orindives ofistwen danpi ingto sdutiel oneddet S .i nventi on.
as described in Fig. |I. Mvenent _of the pivot arm3 drives piston 14 into
the wed§erizg SphiAse®s bHedgs wetigénts BRI sién 14In| PRYF&LANN, 5

pi st®on IS drd yvep i d 3, e L.Dg : .13 jnst
surf“'f";)lce&’ii.k:zcs e]'%/r?%t p%g'g}%f g‘?‘(%o b%%%%dgfgé?g% fgggggglgéd su erajlce 17 -

danps the @Ridinstofshihtapedqd . .andrhd hexriind ol nbbros bétwbenpweidge 14. Note
that although surface 17 is shown as cylindrical in_this Fi g 3, surface 10
f8u

é7 may AUVEAGEhAE stishesum¥age ol || damps Eheviothorhefofher we rad
ot Tr o Dot SRS ST : . ' wedae.
et oERabR DT o Sor b A6 ROEEL i AcRpue, vedoc

Canmm ng edge rises ace sl endgages i nner
surfacesdfZfabehausisg dhoWgdge L¥limdeigane itb yhard i Elgar By, sanfhaee 16 may

have a pl eated or star shape.
17 may have other shapes or profiles as shown in the other
figures described in this specification.

Fig. 4 is a perspective view of the. wedge. Camming
body or wedge 13 comprises surface 16 that slidingly
engages inner surface 17 of housing 1. Wedge 13, and more
particularly, surface 16 may have a pleated or star shape.
This shape serves to increase the frictional forces,
between surface 16 and inner surface 17. Inner surface 17
and surface 16 may have any shape, so long as they are able
to be properly mated to maximize surface contact between
them and are able to slide relative to each other along a
common axis, A, without binding.

Fig. 5 is a perspective view of the piston 14. Piston
14 comprises tapered end 19 and end 20. Tapered end 19
cooperates with tapered hole 15 in wedge 13. Bearing point

18 bears upon end 20. Although surface 16 is star shaped,

tapered end 19 and tapered hole 20 each have a conical or

frustoconcical shape. In the preferred embodiment, "_piston
14 comprises steel, although any durable material having
similar frictional and compressive properties would be
acceptable.

Fig. 6 is a perspective view of the housing 1.

Housing 1 comprises inner suxrface 17. Inner surface




This shape serves to increase the frictional forces, between surface 16 and
I nner surface 17. Inner surface 17 and surface 16 nay have any shape, so
long as they are able to be properly mated to maxi m ze surface contact

bet ween 20 them and are able to slide relative to each otgeﬁg Iﬂmg a comon
axis, A wthout binding. Fig. 5 is a perspective view o prston 14.
Piston 14 conprises tapered end 19 and end 20. Tapered end 19 cooperates

witht d .hol e 15 3..B int 25 18 b d 20.
At hougRERERES 16 PASSERR AfapBtes PERRAIS oy GUASRCPnFABF bR 20 each

have a qQRiCalyfacd ryétefowof?@ Bhapern | BnkherareiebieentfiaamerRyt . Pi St on
14 conprises steel, although a durable material having simlar frlctlonal
. and conhbasimme2brnwecbns$rwc&bd et aﬂhmunumuablehoﬁgq afiyi duxrapdespective
vi ew of the housi 1 co rjises_inner surface 17. |nner surface
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mnum alth any dur téria haV|ng simlar
frictiogal aansasér ¢ngth &Imnngas pateréf ea weinisd dne racaepimtil . aklousi ng |
may b attached to a base (not shown) as part of a tensi oner assenbly as

shown i hewg. in F¥ge dperation of the t ensi oner as follows. Reference
|s made to Fhg, 7Q%E £ 351 BE! C {%ﬁ@io&gﬁd'igraﬁéﬁ 34531 g&gp'“g
mechani sm dui i’ ng a compressi on stro e Conpression's

hubl oadré€erbfaes ipomadst ad 14‘,J.gV\IhI '¢|(\aﬁpt Sa Up@henedge 14reshopbdgs R
10 diagram of the damping mechanism during a compression
stroke. During the compression stroke, the hubload HC
bears upon piston 14, which acts upon wedge 14, shown as R.
The movement of the tapered end 19 into hole 15 causes an
outer circumference of wedge 13 to increase and press
15 surface 16 against the inner surface 17. Due to friction
between the sides of the tapered end 19 and the sides of
the tapered hole 15, movement of piston 14 in direction C
acts to move wedge 13 also in direction C. However, the
movement of wedge 13 in direction C is resisted by spring
20 6, the spring force being depicted as F;. A normal force is
formed between the sides of the tapered end 19 and the
sides of the tapered hole 15, and is resolved into noxmal
forces between them, Njc and Ng. A frictional force acts
between the sides of the tapeéed end 19 and the sides of
25 the tapered hole 15 as well as between the sides of the
wedge and the inner surface of the housing. A friétional
force resisting the motion of the wedge in the hous;ng'is
formed. These forces are puNjc and HNzc. This force is
additive with the spring force, Fs, as each acts in the same
30 direction. As the hubload increases, so increases HC. An

increase in HC increases Nj¢ and Nz until wedge 13 starts



The novenent of the tapered end 19 into hole 15 causes an outer
circunference of wedge 13 to increase and press 15 surface 16 against the

i nner surface 17. Due to friction between the sides of the tgaﬁﬁﬁeﬁ}gend 19
and the sides of the tapered hole 15, novenent of piston 1h3; i é@dtion C
acts to nove wedge 13 also in direction C. However, the novenent of wedge
13 in direction Cis resisted by spring 20 6, the spring force being
depicted as F,. A normal force is fornmed between the sides of the tapered
end 19 Yie wWhirRl bn theEnt spsreasss Ehesfrisgios fessasedNintan@or nal
forces between- them .N1IC and N2C. A frictional force acts between_ the sides
of the ther &8Sdidirg ampvemeny ge§ dJihesweRget abr ddehoheusings vl | as

bet ween th | dgs, of _ t.he d d e inner surface of the ing. A
frictiof <:’%fl%ir cg)er e&%ﬁ?%gﬁ%gm%%%gof% hen?/\eaé‘_braﬁfﬁhe‘? h_es"_gh)st%%_lr%“%

forned. jhkeee skorgeN,;ar andllf,ARHeNslreddbi $3fR66Esls additive with the
spring force, Fs, as each acts in the sane 30 direction. As the hubl oad

i ncr®ases, sni ntheaseatm Atrokeer edepictediCinncFigsed (hiC andfmeeC Unti |

wedge 1 tarts_ 9.1 9 0614 _novi ng, ich in turn_incgeases.,the friction
or oas ROBYarfEaqBan, & s (k) SABBLREPHTATh e AYEIPH « FBS heettR |1
shoul d BerpReed {Hél HUKISad S 180 ditidEdn&d!PSt e © thleNChESESad N HILC and
N2C when wedge 13 noves. 5 On the return stroke, depicted in Fig. 7(b) a
free bbdygofleagriasofthhe ddrgi sgrimghdoree dyr miguishefrittion gNike, the
hubl oad is dinminished. Once the hubload HR becones |ess than the spring

f or ce Fthei nadaer wdtlilorbaiRushedeinediseationpB. pThresiormadi £e&Ce8n B. The

norpel {orost N2 MR AN IPRLSL onloandt HAD. N FuBRfle D0 enEU ek iRk e
force vector is in the opposite direction as compared to
the compression stroke, pN;p and pNzx. This frictional force

resists the effort of the spring to move the wedge in
.direction B. The hubload HR required to keep the blocks in
15 static equilibrium is reduced. Since the hubload is
reduced, the frictional forces between the wedge and the
inner surface of the housing are correspondingly reduced.
Hence, the damping, or frictional force, is greater during
the compression stroke than during the return stroke.

20 Therefore, the tensioner exhibits asymmetric damping.
An alternate embodiment is depicted in Fig. 8. Damper
100 comprises a cylinder slidingly engaged with another
cylinder. Outer tube or housing 101 slidingly engages tube
108. Cap 105 is attached to tube 101. Cap 110 is attached
25 to tube 108. Spring 102 extends between cap 105 and end of
tube 108, thereby urging the tubes apart. Plastic l%ner
106 facilitates movement between outer tﬁbe 101 and tube
108, Piston 111 is affixed to cap 110 and is parallel to a
major axis of the tubes 101, 108, Wedge 109 slidingly
30 engages an inner surface 112 of tube 108. Piston tapered

end 104 engages tapered hole 113 in wedge 109. Wedge 109

10



force vector is in the opposite direction as conpared to the conpression

stroke, NIR and N28. This frictional force resists the effort of the spring

to nove the wedge in .direction B. The hubl oad HR requir k t he
£, by ¥

bl ocks in 15 static equilibriumis reduced. Since the h reduced,
the frictional forces between the wedge and the inner surface of the
housi ng are correspondi ngly reduced. Hence, the danping, or frictional
force, is greater during the conpression stroke than during the return

stroke. i90 umegcf gnLot montart ovdithex BiLStes addtmePyi cSrBdI ngt07n

al ternate enbodi nent i s depjcied i Q.. .8. er 00, gONRL cyl i nder
sl i di ngl %e@gm%’?ﬁ aonrot%‘%”q%yppﬁdgre.a%&t r u‘E)ét‘e‘;LorQl o%ﬁné%
slidinglpoengagesitobaaylGe £8piddd t6 at hathednyo suiifackQl.suGhp alslo is

~attached 25 to tube 108. Spring 102 extends between cap 105 and end of tube
108, t herely tengionencbedpeas apeseriaisin Figndr- 106 facilitates novenent

bet ween outer, tube 101 .and tube 8._ Piston 111 is.affixed,t p.110 and
"is parallel & aOPﬁﬁf%r“c’&Xi £ E?{g &S 141, %iﬁgptwggglﬂgggﬁgdiangl y 30
engages Rolidadi ot @£6kd 121 0f mbybe 1A8diPestobnt APEAuRdngedd rhdhrangages

tapered hole' 113 in wedge 109. Wedge 109 10 1 9 NOV 2004 is urged into
cont act swirblkepi stThre 1detbyledr dagctdptioni afi ngerakbeor &5 seti FQrEd7 bears

such asliof gt chidlor@Rdbbay - ad BbscFrashsrn Figing t¥ FofBEReetdn™can 105
dur i ng 3 EFergTn O o A B T e Gn e 2t forth
in 0 g. cdubdhgarseldgio? @is) dedamitdest  inluFigg (TH®)cofr etBe oreturn
stroke. The damping force in is Jincreased during the
return stroke in direction R since the inner surface 112 is
moving in a manner so as to press wedge 109 into the
tapered end 119 of piston 104. This is described in Fig.
15 7(a). One skilled in ﬁhe art will appreciate that the
mechanism described in this Fig. 8 depicts a damping
mechanism that is operable in various applications
including a belt tensioner with a pulley.
Fig. 9 is a detail of the wedge in Fig. 8. Wedge 109
20 comprises splines or pleats 114. Splines 114 cooperatively
engage a like shape on the inner surface 112 of tube 101 as
shown in Fig. 10. Wedge 109 may have radially extending
slots 115 that facilitate expansion of the wedge against
the inner surface 112. wedgetsplines 114 may comprise a
25 nonmetallic material, such as plastic or phenolic.
Fig. 10 is an end view of the outer tube. TuBe 101
comprises inner surface 112. Surface . 112 descf%bes a
pleated or splined profile that coopergtively engages
splines 114 on wedge 104. Surface 112 and splines 114 each
30 comprise materials that create a desired frictional
coefficient. For example, the splines 114 may comprise a

plastic, phenolic or non-metallic material while surface

11



stroke, the wedge 109 is pushed in direction C, thereby 10 causi ng behavi or |

as described in Fig. 7(b) for the return stroke. The danping force in is

i ncreased during the return stroke in direction R since ﬂﬁem[vn @rllsurface
112 is noving in a nmanner so as to press wedge 109 into e ag ed end
119 of piston 104. This is described in Fig. 15 7(a). One skilled in the art
w Il appreciate that the mnmechanismdescribed in this Fig. 8 depicts a

danmpi ng nechanismthat is operable in various applications including a
bel t temayoneompiibea pikeeymategiadsis a The aprederoied wemgedimenty. 8.
Wedge 109 20 conprises spl| . or pleats 114. Splines 1 o] atively
engage SOPPkLSERap? JIPRT eF%csd&f%%ZOBf g%jo’eniﬁljjg,sf %ﬁ’?vmgl n Fig.
10. V\éﬂﬂétéggie%mﬁﬂadbal Ishpdnding, wsOtgellllSakhaludfadd i Labe .
expansi on of the wedge against the inner surface 112. Wdge splines 114 may
conpri s¢Fag. 28 Monmetaifhice ndt2ri(#ig.suth, ad il assucfacepiddiol (EigFig. 10 is |

an. end view of the outer tube. Tube 101 conprises inner surface 112.
Sur Pace20h12 describes a pl eated or splined profile that cooperatively

engages Spipfgs 1if ongedge L08ssSdbbassndll 91duspldfes, 1idegand 30
conprise matertals that create a ae5| re rictional coefficient. For
exanpl ealtdenspd i radbcdliderdty odnpthee iavepltashi.c,Iph&hdlsi cabteroatertal |ic

material while surface 11 1 9 NOV 2004 .nmay, conpr.ise |ike [ﬂiate ials. The
pr ef er retPeFHRA FenfPTEBFPLLLed Sy GRS | dubg oM s PFREE 114 and a

oL AT 83, TR, SEidBl il A Ran AR surfaco

10 cylinder. Outer tube 201 slidingly engages tube 208. Cap
205 is attached to tube 208. Cap 210 is attached ;o tube
201. Biasing member or spring 202 extends between tube 208
and cap 210, thereby urging them apart. Plastic liner 206
facilitates sliding movement between outer tube 201 and

15 tube 208. One end of piston 211 is affixed to cap 210 and
is parallel to a major axis of the tubes 201, 208. Wedge
209 slidingly engages an inner surface 212 of tube 208.
Piston tapered end 204 engages tapered hole 213 in wedge
209. Wedge 209 is urged against tapered end 204 by

20 compressible member or spring 207. Spring 207 bears upon
cap 210 and wedge 209, Cap 210 is affixed to a mounting
surface, such as on a tensioner body as described in Fig.
1. One skilled in the art will appreciate that the
mechanism described in this .Fig. 11 depicts a damping

25 mechanism that is operable on other applications including
a tensioner with a pulley. _ .

In operation, cap 205 moves in diréction o du?ing a
compression stroke. Cap 205 moves in direction R during a
ceturn stroke. The detailed description of operation is set

20 forth in Fig.‘s 7(a}), 7(b) and Fig. 8.
Fig. 12 depicts another alternate embodiment of the

damper 300. The elements are generally as described in
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Fig. 11 is a cross-sectional view of a second alternate enbodi nent of the

i nvention. In this alternate enbodinent, spring 202 is contained within
tube 201. Danper 200 conprises a cylinder slidingly engaged wi thin anot her
10 cylinder. Quter tube 201 slidingly engages tube 208. @ NOWs52604 attached
to tube 208. Cap 210 is attached to tube 201. Biasing nenber or spring 202
ext ends between tube 208 and cap 210, thereby urging themapart. Plastic
liner 206 facilitates sliding novenent between outer tube 201 and 15 tube
208. Oneignd ldf pitshontRel folldvingeddiffespnees: arpsher pakahPel %0 a maj or

axi s of the, tubes 1, 2Q8., Wedge _ 209 sljdingly eng S LN surface

212 of ?%%S.S“téoaﬁ%ngggpe?'ﬁd d*564 J&ﬂg&éggz%pgggd %gl 8 %%ei n wedge
2009. Vé(g%% | Ele):V apered cenBRP4e ¥ erAs C ATLHRAIIW| €0 MEMDEr or

" spring .@%?%%g%%ﬁbea%gﬁ%%% cgg 510 and %edge 309. Ca 3?0 1s affixed

to -a nothd i phstenr Aaie, DsuciCanp messdbilensiember sod\spsingesid] ReRFH Fig. 1.

One _skilled in the art will appregi ate_ihat .the nechani.sm descri in this
Fi g% 1PMephet ?eé“'b‘d'fﬁ)i ﬁ@rfiggnégﬁani sﬁ"?hzﬁt s S cﬁ]aB e 6% he:?ﬁj :

appl i catg i el ; t ) O ] gbl eywebgeoOpgoat i D&, sfp 205
HAES P, Whiing. 858 OO Wedseh UL eywetoe

noves in conpression stroke. Cap 205 noves in
direct isnbRahrialy thet usamst fokm. aBhewekdgei 288 dascFigii 44 .ofOWperati on

Al t o NI Aot R | albhder aBBBctRE el Ehaf: Snd e RMALSYS e
descri hecd it ddy 158 MN 290G Fify ddoybtd hn@ahplhguinaerdiniiser ammess; washer,
ring or earing surface Is affixed to piston 211 at a pre
10 is operable on other applications including a tensioner
with a pulley.

Reference to Fig. 11 and Fig. 12 also illustrates the
change in length L; and L, as the invention operates.
Lengths increase during the return stroke R (L2} and

15 'decrease during the compression stroke C (Li).

Fig. 13 is a cross-sectional view along axis A-A of
yet another alternate embodiment of the invention. First
housing or cap 405 comprises first housing surface or side
408. Second housing or tube 401 further comprises outer

20 surface 412. Side 408 describes a conical form having an
angle @ to the major axis A in the range of 0° to 30°. Side
408 may have any form required by a user, including
ple‘ated. Wedge 409 slides between side 408 and outer
surface 412. Spring 402 urges wedge 409 into contact with
25 side 408 and outer surface .412. As wedge 409 is urged
against surface 412, it 1is radially compressed. Radial
compression of wedge 409 occurs due to the presence :pf the
slots as described in Fig. 2 and Fig. 21. Spring 402 bears
on base 410, which is affixed to tube 410. Cap 405 moves in
10 direction C during a compression stroke and in direction R

during a return stroke. A load L may be applied to the
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determ ned point. Bearing surface 308 extends nornmally to the piston axis
D. Conpressible menber or spring 307 bears 5 on the bearing surface 308. The
ot her end of spring 307 bears on caroni ng body or wedge 309. Wedge 309 is
of substantially the same formas wedge 209 in Fig. 11. ch8 N8V din the
art will appreciate that the mechanism described in this. Fig. 12 depicts a
danpi ng nechanismthat 10 is operable on other applications including a

t ensi Wi th lley. Ref to Fig. 11 Fig. 12 also illustrat
the. ondRgSEn AErBEREEXOaRP A nLEno ORI cHEFLPPEPAS. SEENSRAL | nroase

during Eet HER SthoKe L i ohD ERSED Ay e prggsi on
stroke &CB?El)e Fig. 1§gi sﬁaé c%gg?gég%li ona éw ew a:iéngghailgs lﬁ'fa;po 3 yet
anot herdapietsate eddmpingntmethahismnvigdidt onis Fiopeirableusiong otheap 405
conpri ses L%rst;housLng syrface or side 408. Second_housing or tube 401
furt her2RBHpFREECNBULBF 1 8818gr Raknsiones; yathos BRALRYbes a conical form

havigng an a e tp.t he LOL_ax] ' r f o de 408
may have anyp?%rnggeqﬁ?rgh %gbggugé$?i$%% u i%& pieéfeagi$ééggk4 sl i des
bet weeryst dandiheandadteenateaurémised tiéght Spifi Nghe 02 nveptionedgeis8€ i nto

contact. with 25 side 408 and outer surface .412. As wedge 409 is, urged
agai nsthesing con1bubgt S04 campaise sc digists hops ingi s fagmRessien of wedge

409 ocoiti Ghg LAa! RA 0 eoENGe 58h LRSCoILBLS ALRRAY ek bl fhe 2 and

Fig. 21. Spring 402 bears on base I'Ch i s artiXe 0t ~410. Cap
405 movas hRgBE @i tRLIERE. fkadBir NGkid GOMPAEEROFatigeolsy apd t& dopection R

during a return stroke. Aload L may be applied tothe 13 1 9 NOV 2004

10  sSide 508 may have any profile required by a user including
pleated. Wedge 509 slides between first housing surface or
side 508 and outer surface 516 of piston 514. Wedge 509 has
the same form as shown in Fig. 21 for wedge 409. Body 519
and surfaces 516 have the same form as shown in Fig. 21 for

15 surface 412. Spring 502 bears on end 510 and piston 514.
Spring 502 resists an axial movement of piston 514.
Compressible member or spring 502 also bears on base 510
against piston 514. Compressible member or spring 507 urges
wedge 509 into contact with side 508 and outer surface 516

20 of pistoa 5i4. As wedge 509 is urged against surface 516,
it is radially compressed. Radial compression of wedge 509
occurs due to the presence of the slots as described in
fig. 2 and Fig. 21. Piston 514 moves in direction C during
a compression stroke and in direction R during a return

25 stroke. An axial load L may.be applied to the device at
bearing point 518. One skilied in the art will appreciate
that the mechanism described in Fig. 14 depicts a damping
mechanism that is operable on other applications including
a tensioner with a pulley.

30 Fig. 15 is a plan view of a tensjioner damper assembly.

Damper 600 as described in the foregoing Fig.’s 8, 11-14 is
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device at bearing point 418. One skilled in the art wll appreciate that

t he mechani smdescribed in this Fig. 13 depicts a danping nechanismthat is
operabl e on other applications including a tensioner mﬁtg a Lﬂﬁ . 5 Fig.
14 is a cross-sectional view along axis A-A of yet anoth 3 Qﬁv gte

enbodi nent of the invention. First housing or tube 501 conprises first
housi ng surface or side 508 and end 510. Side 508 describes a conical form
having an angle J3 to the. major axis Ain the rang; of 0 to 30. 10 Side

508 nay HRHD FRNPREEEHctPedhi Fddepy Puldseyr SilfcbydishgLtpl6@f.ed. Shaftiye 509

sl i des first ' syrface,or_ sjde 508 and ter surface 516 of

pi st on gﬁéxeﬁéﬁgéﬁ%oggﬁgééggﬂeqé%ﬁ% PgPﬁlé?éiﬂé&Pﬁ F?E?%zfQQﬂe ge 409

. Body 51%heanikbalr f 8oes fuktkdagest he e foron _§§i§§'9W81bﬂgF'pﬂ-raa.11é°lor 15
surface 412. Spring 502 bears on end 510 and piston 514. Spring 502 resists

an axi altragksnd¥}s oBgisthri $1waingshphod) bldlere®dr. or spring 502 al so
~bearg on base, 510 gainst piston ,514. Conpressible ne or, _spr,ing 507
u_rgeé vvedge%g‘(?g i ?aolﬁoﬂft gp&rmet%lgﬁedee)%cger% ‘Htﬁ‘ér°g3ﬂ"ﬁ_cé‘aﬁ‘§é_“§0 of
pi ston pdthafsswedesroQh | a1tedadtadamsdd sl BCcer2dt. 161t geperadng! |y

conpressed. Radi al conpression of wedge 509 occurs”due to“the preSence of
t he sl otlesagibiescritedaipangeingnt 208ndhE glamping & chani $d 4foovebei n

direction, C durin a conpression stroke:and in dirgction R during a
return 353099?8953 Rgﬁbéﬁﬁgn%ﬁuﬁﬁgTm@xgbelgpﬁ?¢e t ot PR eNHBREER al bearing
poi nt 5§84 Oneg Sliehla®d | Pot he Ar t gWi Idy AUNECT 21 8 stﬂfai_ﬁgn? nsﬁgagésm
described”in Fig. 14 depicts a danping nechanismthat 1s Ooperabl & on ot her
appl@ casuofiscencllddi.ng Taperatsianmkbrlod tdngagrs [feyle 30 Fi g. SIGES s1aSpl an vi ew

of a tleiSQGLegggpi%gm%%”ﬁﬁé&ally expand as tapered end 104 moves
axially into wedge 109. Wedge 109 may comprise a
nonmetallic material, such as plastic or phenolic.

Fig. 17 is an end plan view of the wedge fo; an

15 alternate embodiment. The alternate embodiment is depicted
in Fig. 11. Wedge splines 214 may comprise a nonmetallic
material, such as plastic or phenolic.

Fig. 18 1is an end plan view of the tube of an
alternate embodiment. The alternate embodiment is depicted

20 in Fig. 11. '

Fig. 19 is an end plan view of the wedge for an
alternate embodiment. The alternate embédiment is depicted
in Fig. 12. Wedge splines 314 may comprise a nonmetallic
material, such as plastic or phénolic.

25 Fig. 20 is an end plan view of the tube of an
alternate embodiment. The alternate embodiment is débicted
in Fig. 12. .
Fig. 21 is an exploded view of the wedge and tube for
an alternate embodiment. The embodiment is depicted in
30 fig. 13. Fig. 21 also generally depicts the arrangemenﬁ of
the wedge 509 and the piston surfaces 516 for the
embodiment depicted in Fig. 14. Slots 415 allow wedge 409

15



Danper 600 as described in the foregoing Fig.'s 8, 11-14 is 14 1 9 NOV 2904
shown connected to an idler pulley 610 by shaft 620. Shaft 620 nay be
connected to a base (not shown) that connects the idler to tracks 615.
Idler 610 slides along parallel tracks 615. Belt B is tral BeNOWodk idler
610. 5 Fig. 16 is a perspective expl oded view of the danping nechanismfor
an alternate enbodinent. Fig. 16 generally describes the arrangenent of the
danpi ng nechanismfor the enbodinments depicted in Fig.'s 8, 11 and 12. The
number st¢ nrafiigllys ¢empresso agaginst surfaees 412 .s|Werdgr) 498ndwde 10
surfaces 112  Tapered end.104 .engages_hole 113. Slo 1 l;.l.ow wedge 109
to radi @RFSPand a?opgﬁetragé'lecnd @%ﬁe%?/g’s g‘f(?@l I %/ii n&)oaavs\g&é:e 1%%. Wedge
109 may,pweHg¥ise a nonnetallic material, such as plastic or phenolic. Fig..
17 is an end plan view of the wedge for an 15 alternate enbodi nent. The

al ternate eftidtiongh iz ddpigked fam Fiof. the \boyentpPpnd@D1PSAR conpri se

i, ial, such l.ast i henol | i Qy:18. S d pl
Vi ef ofde3eF FEBAN, oitler HALE' HiboRPTaReE o Sess nakilieho fHonr i b o
depi ct §Ghe 206 Neld Y- vaddiafifns1BalyS bah rvdd AlrRthe ¥ttt iwadgmd or an

alternate enbodi ment. The alternate enbodi ment is depicted in Fig. 12.
vwedge spllatdomBldfmgyacospwishanthodepaating frorer the, 8PERits 3A%hstic or

phenolic. 25 Fig. 20 is an end,plan, Vi of the tube of an alternate
embodi HGRPE ﬁfe%m rh %o%éji%ﬁb?i%"eﬁ’&-ed inFig. 12. Fig. 21 is an

expl oded view of the wedge and tube for
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an alternate enbodi nent. The enbodi ment is depicted in 30 Fig. 13. Fig. 21
al so generally depicts the arrangenent of the wedge 509 and the piston
surfaces 516 for the enbodiment depicted in Fig. 14. S Ot?fﬁm w wedge
409 15 1 9 NOV 7004 to radially conpress agai nst surfaces 412° e 409
may conprise a nonnetallic material, such as plastic or phenolic. Al though
a single formof the invention has been 5 described herein, it wll be
obvious1x%ékg§ okilled in the art that variations may be made in the
construction an relation of parts wi thout departing fromthe spirit and
scope of the invention described herein. 16 19 NOV 2004 W claim 1. A

t ensi oner conprising: a housing having a housing surface; a wedge having a
wedge surfhc t?ﬁﬁs%ﬂ??ﬁrﬁﬁwprgﬁb%%és t he housi ng surface, the wedge further

describing a fLustoconsi galihg! £ nsudlsgosubsytay a first end cooperatively
engaging the hole; the’piston first end conprises a frustoconcical shape

t hat cooper ati vel ywedgagebavhegf r ast vedgei caurfelce, thed welged¥ngkher
conprises at |east _one s ot oriented sodgh circunference of the

|l ot, the sl
wedge is FREASET TR pRABSHNE FHI?8§50n§ & ¥°59%0 CL TR IHE  pi st on
first end;;the, Pt y&dné Fahawsng; a pulley journaled to an end,

a piston having a first end cooperatively engaging
the hole;

the piston first end comprises a frustoconcical
shape that cooperatively engages the frustoconcical hole;

the wedge further comprises at least one slot, the
slot oriented so the circumference of the wedge is
radially expandable in response to a movement against the
piston first end;

the pivot arm having a pulley journaled to an end,
the pivot arm pivotably mated to a surface and having a
second end bearing on an end of the piston opposite the
first end; and

a compressible member biasing the wedge toward the
piston, whereby movement of the wedge against the first
end causes the wedge to radially expand against the

housing surface thereby damping a movement of the piston.

2. The tensioner as in claim 1, further comprising:
an adjuster bearing on an end of the compressible
member and the housing whereby a compressible member

preload may be changed.
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the pivot arm pivotably mated to a surface and having a second end bearing
on an end of the piston opposite the first end; and a conpressi bl e nenber
bi asi ng the wedge toward the piston, whereby novenent of tfﬁ Mﬁﬂg@g@gainst

the first end causes the wedge to radially expand agai nst I ng
surface thereby danping a novenent of the piston. 2. The tensioner as in
claim1, further conprising: an adjuster bearing on an end of the
conpressi ble nenber and the housi ng whereby a conpressi bl e nenber prel oad
may be changed. 17 1 9 NOV 2004 3. The tensioner as in claim?2, wherein: the

wedge gut RheS ek q_«gn%tgﬂserlge@gmpqs qrd@aied form and 5 the inner

surfac further escribes a pleated form that cooperates with the pleated
f orm of thetmdgembgreeroumfauefaée TEerthesi describesn 3| gleagedvherein
t he housi ng further 10 conprises a cylinder. 5. The tensioner as in claim
3, wheferm:t gad wedge surface conprises a nonnetallic material. 15°6. The

te | oner aﬁh'” ShRs M 1, MpeLel 'EJJE%{P”H&%%BE@ ﬂgw s PEsa I Pifozes a

I ng. 7. ensi oner conprrsrng rst housing a first inner
surfac:@hago cdopitk H10uiithg tiey i plleatedcafukn nofr the f sedgandud®r out er
surface, the outer surface slidingly engaged with the first inner surface;
a firssuzfaopressi bl e nenber resisting a novenent

4. The tensioner as in claim 3, wherein the housing further

10 comprises a cylinder.

5. The tensioner as in claim 3, wherein the wedge surface

comprises a nonmetallic material.

15 6. The tensioner as in claim 1, wherein the compressible

member comprises a spring.

7. A tensioner comprising:
a first housing having a firgt inner surface:;

20 a second housing having a second inner surface and an
outer surface, the outer surface slidingly engaged with the
first inner surface; '

a first _compressible member resisting a movement
between the firsct housing and sécond housing:

25 a piston having a first end and a second en?, the
first end being affixed to the first housing and being
substantially parallel to a major axis of thei,first
housing:

' 2 camming body describing a central hole and having a

30 surface slidingly engaged with the second inner surface and

che hole slidingly engaged with the second end; and
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between the first housing and second housing; 25 a piston having a first end
and a second end, the first end being affixed to the firfb Hﬁusiﬁ and
being substantially parallel to a major axis of the firs 8-
carom ng body describing a central hole and having a 30 surface slidingly
engaged with the second inner surface and the hole slidingly engaged with
the second end; and is 19 Nov 2004 a second conpressible menmber urging the

cami ng body st the secqnd end, mhereb t he canmi body | radially
expandabl e @a?%g?“ h& TRIFE m@’ﬂl??’écé‘r 308 HiR Féﬁ@*f}ﬁeﬁma‘iy in claim

7, wher he o] dy ntr heraﬁﬁﬁﬂ |sg@ is
frust08§FC|cEl ﬁﬁﬁ% ngggogﬁe g?gfonggggg%g engbfuf er gbnprlses a
frust ogaddiaddly shamnddisle copniarst itts \sempahdnndre sullfageust oconi cal hol e.

9. The tensioner as in claim8, wherein the carom ng body further
conprises at | east "one slot, the slot oriented so the 15 circunference of

escargnlegf %Q%sf%dQY'égﬂfh'éiiﬁfgon%%eé%q a movenment against the plsFon

second end he tensioner as 1'n cllaim lerei n: the canm ng body

surface further demsinResbadyl caérticall kolen AntHdr semprdsesusang second
I nner surface further describes a pleated formthat cooperates with the
pl eat efirusteaerpficRd chd®ingMody surface. 25 11. The tensioner as in claim

10, mhere|nthe piston second end further comprises a
frustoconcical shape that cooperatively engages the

10 frustoconical hole.

9. The tensioner as in claim 8, whersin the camming body

further comprises:

at least one slot, the slot oriented so the
15 circumference of the camming body is variable in response

to a movement against the piston second end.

10. The tensioner as in claim 9, wherein:

the camming body surface further describes a pleated

20 form: and

the second housing second inner surface further
describes a pleated form that cooperates with the pleated

form of the camming body surface.
25 11. The tensioner as in claim 10, wherein:
the first housing describes a cylinder; and

the second housing describes a cylinder.

12. The tensioner as in claim 11, wherein the camming body

30 surface comprises a nonmetallic material.

19




the first housing describes a cylinder; and the second housi ng describes a
cylinder. 12. The tensioner as in claim1ll, wherein the carom ng body 30
surface conprises a nonnetallic material. 19 1 9 NOV 2004 éﬁ. vh UJhensioner
as in claim12, wherein the second -conpressible nenber ﬁ ND 2 t he
first housing. 14. The tensioner as in claim12, wherein: 5 the first
conpressi bl e member conprises a spring; and the second conpressible menber
conprlses a spnzﬁa 15. The tensioner as in clal 12 .fur |S|ng a

beari ngtdur TG HIHHRALE 0 d%he 1B st 8|Jra‘-'f'hb2'bea}" Ageifg L:E?f a%% fendi ng
”OrWM|é’#é}é%§l té"héﬁ%?r b@&gst@ﬁbﬁefﬂgdfngPrﬁééspﬁé menber bears upon

t he bearl surtace. danper® conprising: 15 a housing having a housing
surface; a wedge having a surface that slidingly engages the housing
surface, the medge further descrlbln a hole a piston having a first end
coopera]t éﬁm%e% RS el elalm %’Eﬁ'ﬂpﬂesm bl e menber bi asing the

e towar t gﬂg?g d nRst 4 first
causesq?he %%ng ?@meglalpieexpan aga|%% t%% ou rassur ace

ther eby dangineg s@doNEEstipd s § il & indnber 2Sonpk i s a:lasgmmga.s in claim 16,
wherein: the wedge hole conprises a frustoconcical hole; and the piston
first end conprises a frustoconcical. shape that cooperatively engages the

frustogqni gal, RS 32 &s T AIRE122%d b A dBrrising:
a bearing surface attached to the piston, the bearing
10 surface extending normally to a piston axis; 'and

the second compressible member bears upon the bearing

surface.

16. A damper comprising:
15 . a housing having a housing surface;
a wedge having a surface that slidingly engages the
housing surface, the wedge further describing a hole;
a piston having a first end cooperatively engaging the
hole; and '
20 a compressible member biasing the wedge toward the
piston, whereby movement of the wedge against the first end
causes the wedge to radially expand against the housing

surface thereby damping a movement of the piston.

25 17. The damper as in claim 16, wherein:
the wedge hole comprises a frustoconcical hole; and
the piston first end comprises a frustoconcical,K shape

that cooperatively engages the frustoconical hole.

30 18. The damper as in claim 17, wherein the wedge further

comprises:

20



conprises: wherein the wedge further 20 19 NOV 2004 at |east one slot, the
slot oriented so the -circunference of the wedge is radially expandable I n
response to a novenent against the piston first end. 5 19, 4Th as in
claim 18, wherein: the wedge surface further describes a &ﬁ AEWd rn} and
t he housing surface further describes a pleated form that cooperates with
the pleated formof the wedge surface. 10 20. The danper as in claim19,

wherein the housing further cqnprises, a cyI i nder. The danpe as in

clai m 20, wedr ei ASERE weRRR s&ﬂfﬁbe % itses? ﬁ?ﬁ%ﬁﬁétalp'c ferial.
22. The %?aﬁ?éégﬁﬁilc$élnkﬂé W@Q ghe "8 | eI Ccopprises a

spring® er conpri si ng: i rst housing having a first housing

SurfaCQes@o\f&%@Qdi%SQﬁd@mta a@edt;%hott:ae guids v i figr st verdd)e  surface for
slidingly engaging the first housing surface; a second housing, the first

housi ng coaxially and 25 slidingly engaging the first ,housing; a piston
hav ng f st ,end a Sec nd e | St end engagi ng t he wedge
cen$ra|§hol aﬁ& énseco ﬂ ggfl Jg%ﬁ %tua second housing; a first
conpr essi bl gnaENPedglr wma&@ \ﬁﬁdﬁhelrntdbes@ﬂlmlt act pléabed hefquimst on fi rst
end; a second conpre55|ble menber urging the first housing

and
the housing surface further describes a pleated form

that cooperates with the pleated form of the wedge surface.

10
20. The damper as in claim 19, wherein the housing further

comprises a cylinder.

21. The damper as in claim 20, wherein the wedge surface

15 comprises a nonmetallic material.

22. The damper as in claim 21, wherein the compressible

member comprises a spring.

20 23. A damper comprising:

a first housing having a first housing surface;

a wedge describing a wedge hole and having a wedge
surface for slidingly engaging the first housing surface;

a second housing, the éirst housing coaxially and

25 slidingly engaging the first housing;

a piston having a first end and a second ena, the
first end engaging the wedge central hole and theisecond
end affixed to thes second housing:

a first compressible member urging the wedge into

30  contact with the piston first end;

a second compressible member urging the first housing

away from the second housing.

21



away fromthe second housing. 21 1 9 NOV 2004 24. The danper as in claim 23,
wherein: the wedge hol e conprises a frustoconcical hole; and the piston
first end conprises a frustoconcical shape 5 that cooperatively engages the
frustoconical hole. 25. The danper as in claim 24, wherein{th¢)Oyedgl further
conprises: at |east one slot, the slot oriented so the 10 circunference of
the wedge is radially expandable in response to a novenent against the
piston first end. 26. The danper as in claim?25, wherein: the wedge outer
surface further describes a pleated 15 form and the first housing surface

furthey d Bh rates wth the pleated form of
d49€ Su#&%@:@: p%éafi& cldmBhainh&LOPR!

the we The danper as in claim26, wherein; the first

housi ng f urhizeweziyepicks comytlssera ﬁwmbtm¢nnamnaﬂmiﬁuizmrquLwther
conprises a cylinder. 28. The danper as in claim?27; wherein gt |east the
wedge 05 -$hef RIS kPpELEES @%nﬁ%‘ﬂ&ﬁ-?%srrét Fugtocsgciead oé’fﬁ%"\" as in

clai m 28, Wietelbe s WS (Ao o COTRH S EodiREl] GURE Ses @ Spring; and

npre53|b COnprises a spring. 0. A danper
conpr|3|ng. a first housing having a first housing surface; 22 19 NOV 2004

25. The damper as in claim 24, wherein the wedge further
comprises: '

at least one slot, the slot oriented so the

10 . circumference of the wedge is radially expandable in

response to a movement against the piston first end.

26. The damper as in claim 25, wherein:

the wedge outer surface further describes a pleated

15 form; and
the first housing surface further describes a pleated

form that cooperates with the pleated form of the wedge

surface.

20 27. The dampar as in claim 26, wherein;
the first housing further comprises a cylinder; and

the second housing further comprises a cylinder.

28. The damper as in clmh127, wherein at least the wedge

25 surface comprises a nonmetallic material.
29. The dampar as in claim 28, wherein: : .

the first compressible member comprises a spring; and

the second compressible member comprises a spring.

30. A damper comprising:

a first housing having a first housing surface;

22



a second housi ng having a second housing surface; a wedge having a wedge
surface that coaxially and slidingly engages the first housing surface and
slidingly engages the second housing surface, the wedge fdrl H%BVFZGUQ
conprising a wedge hol e surface describing a hole into which the second
housi ng surface is engaged; a conpressible nmenber biasing the wedge toward
the first housing, whereby novenent of the wedge against the first housing
surface causes the wedge to radially conpress 10 agai nst the second housi ng
surface thef edwcsmtphogs ingnhuedngt aosechadf howsinmpusun§ac®l. The danper as
in claim30, wherein_ the wedge hole co | ses SF yl indri, i# hoéﬁa 15 32.
The danper &s %Weslad ah@dving wher ¥PAIEHES & er°°86r‘r§ Les?™At | east

one S| Jeqidiely! 8haBGeSN Gl SEiAR KIUSHY C@PELCE! anibe yetEng By adi al |y

conpr ponSe "t 0 a novenent ‘agai nst the first housing surface.

33. TQ@1 [ tafe | Ns&dehdn SRousbryei surfaee wedde hovedder tfirth®®cri bes a
pl eat e orm and the second housing surface further bes a pl eated

descri
255f oraontghzits ivgbp @& awedani t hodBe pREEREY ARSFTIPIN%R fed Bieho’r‘?e‘?° 34. The

danper gs .in,claim33, wherein: Lr ' further conprises a
cyl i nd&yichy ke FPqend sté%%?'n’dn%oﬁé?ﬁﬁé% uifs% her oér?%ri ses a cylinder. 23 1 9

Nov 2004 3% EhmpdamRablas menbleal Nbidsingerttien wedgeedgewandle theurface
conprises a nonnetallic material. . ,

first housing, whereby movement of the wedge against the

first housing surface causes the wedge to radially compress
10 against the second housing surface thereby damping a

movement of the first housing.

31. The damper as in claim 30, wherein the wedge hole

comprises a cylindrical hole.

32. The damper as in claim 31, wherein the wedge further

comprises:
ar least one slot, the slot oriented so the

circumference of the wedge is radially compressible in

20 response to a movement against the first housing surface.

33. The damper as in claim 32, wherein:
the wedge hole further describes a pleated form; and
the second housing surface further describes a pleated

form that cooperates with the pleated form of the wedge

(L%
(9]

hole.

34. The damper as in claim 33, wherein:
the first housing further comprises a cylinder; and

30 the second housing further comprises a cylinder.
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36. The danper as in claim35, wherein the conpressible 5 nenber conprises

a spring. 37. A danper conprising: a first housing having a first housing
surface; a piston having a piston surface; 10 a wedge haW|9gNngmgge

surface that coaxially and slidingly engages the first housing surface and
slidingly engages the piston surface, the medge further conprising a wedge
hol e surface describing a hole into which the 'piston surface is engaged,

15 a first conpressible nmenmber biasing- the wedge toward the first housing,

wher eby5 novrentlagperhe asedgn agdianst 341 hewheretnhotise ngresdgs ad@le€auses t he
wedge to radially conpress a alnii t he |sto surface thereby danping a
novenmePHEEACE HECRPLE 8RS Anfofekasditnl SﬁﬁF ssi bl e nenmber biasing the

first housing away fromthe piston 38. The danper as in claim 37, wherein

the hole conprises a cylindrical hole. 25 39. The danper as in claim 38, |
wher ei ps} heheedgempert hes  ieonpkdisess,at wheseinnah® otpmphessiibieori ent ed |
SO the circunference of the wedge is radially conpressible in 30 response

t 05a meamyAm ICRREFEeS t #eSPFLBY-housi ng surface. 40. The danper as in claim

39, wherein: 24 19 NOV 2004 the wedge hole surface further describes a

pleated -form and the piston surface further describes' a pleated form

37. A damper comprising:
a fiést housing having a first housing surface;
a piston having a piston surface;

10 a wedge having a wedge surface that coaxially and
slidingly engages the first housing surface and slidingly
engages the piston surface, the wedge further comprising a
wedge hole surface describing a hole into which the 'piston
surface is engaged;

15 a first compressible member biasing - the wedge toward
the first housing, whereby movement of the wedge against
the first housing surface causes the wedge to radially
compress against the piston surface thereby damping a
movemzat of the piston:; and

20 a second compressible member biasing the first housing

away from the piston

38. The damper as in claim 37, wherein the hole comprises a

cylindrical hole.

39. The damper as in claim 38, wherein the wadge further

comprises:
at least one slet, the slot oriented so the

ci:cﬁmference of the wedge is radially compressible in

30 response to a movement against the first housing surface.

40. The damper as in claim 39, wherein:




that cooperates with the pleated formof the wedge hole. 5 41. The danper as
in claim40, wherein the first housing further conprises a cylinder. 42.
The danper as in claim4l, wherein the wedge hole 10 surfapg @ﬂgﬂ@pfes a
nonnmetal lic material. 43. The danper as in claim42, wherein: st
conpressi bl e nenber conprises a spring; and the second conpressible nenber
conprises a spring. i5 44. The danper as in claim 30, wherein the first
housi ng surface describes a conical shape havin ngle in the .range of

0 to 30. 20 U8 WeEIGanPeLeasSHALRFE R N%heO& %Sﬂ RstPHeRSThg

surface descrj bes a conical shape having an angle in the range of 0 to 30.
46. A &5 rising: 25 a first nmenber having a -first surface; a second

nmenber havi ithed pESEBH Siuifgee thirthRrondessvibase deplgatedaxfaumy
noveabl e with respect to the.-first surface; a frictional nenber having a
changezhlae ciooperadresnsd tiethe iRherftsd frmemidly B 19438 RS -ace and the
second surface; 25 1 9 NOV 2004 5 10 a conpressi bl e nenber urging the
friti onal nmenber against the first surface whereby a circunference of the

frictiqial fgabaamperchanoed residini a0, whdtednl atlgedfirst housing

further comprises a cylinder.

42. The damper as in claim 41, wherein the wedge hole

10 surface comprises a nonmetallic material.

43. The damper as in claim 42, wherein:
the first compressible member comprises a spring; and
the second compressible member comprises a spring.
15
44. The damper as in c¢laim 30, wherein the first housing

surface describes a conical shape having an angle in the

range of 0° to 30°.

20 45. The damper as in claim 37, wherein the first housing

surface describes a conical shape having an angle in'the

range of 0° to 30°.

46. A damper comprisiné:
25 a first member having a -first surface;

a sscond member having a second surface, the second
surface being co-axially moveable with respect to the - first
surface;

a frictional member having a changeable circumnference

30 slidingly engaging the fixst surface and the second

surface;




S

frictional contact with the second surface. 47. The danper as in claim 46,
wherein the frictional nenber further conprises at |east one slot,
oriented so the circunference of the frictional nmenber is ﬂﬁ

The danper as in claim47 further conprising: a second conb%eggﬁb 4nenber
urging the first nmenber away fromthe second nenber. 26

10

a compressible member urging the frictional member

-against the first surface whereby a circumference of the

frictional member is changed resulting in an enlarged

frictional contact with the second surface.

47. The damper as ‘in claim 46, wherein the frictional

member further comprises at least one slot, the slot
oriented so the circumference of fhe frictional member is

changeable.

48. The damper as in claim 47 further comprising:

a second compressible member uxging the first member

away from the second member.

26

the slot



