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ASYMMVETRI CAL | NTAKE DAMPER VALVE FI ELD [ 0001] The

present application/patent relates generally to
woydi7aaiise danpers or shock absorbers for use PATAS2006/031050

suspensi on system such as a suspensi on system used for

aut onotive vehicles. Mre particularly, the present

application/patent relates to an asymetrical intake

danper val veASWMMETRITIKIE INPARESDARIFER MALAIE ons
related to the opening and closing of the valve.

BACKGROUND [ 0002] The statements in this section
nmerely provide background information related to the
present disclosure and mayFlihiD constitute prior art.

OO 1o 3008 SeRiculieiheb SSRnSLRERM £ hycrauic
da)/riﬁé”ré‘tbp%ﬁom'ébs&ﬁéw fetrised irlra Védk%en@i@nal@.?@tbhw tiRkh as a

unwant ed vi brations, shock absorbers are generally
sugpeinsien sysien weed f@n‘n@ut@moliwg vehialesn Mare dparticiiary, Hbe present

arfFERolBRL eketBs ARy c8Lioh 0% GHbBEF Varkg el pecuces

prédEine Retillanchd fatetias sk @péﬂlh? dritl §16$INg O &sk Valvehe
unsprung portion of the vehicle. The prston is

connected to the sprung portion of the autonobile

t hrough a piston rod ﬁt(-g, through t he

pressure tube. The pi \thEAC&élv es the pressure tube

I nt §0BORJUppEhe welakemgntshantihis sad’ncan Immﬂy \Amobmdeg background
ich arge fi dr aul ]

‘nfBBPah%r*%tiﬂ@dptpﬁ‘%ﬂ?“‘r‘%e”ékﬂ‘%ﬂost%?@@ H“%P Tﬁaﬁstwemrmmaﬂ

t he of C u

t he [DOGYY O\ Shi MSAoIs? oo usodRh"EBALNBGUDRER, Afbmotive
suspmpsiee sydtasns emaénsdézi unwhateshvibkatidmsowbieh dccus tslugingodriving.

TERBRYB B SANBART LR e ok Ao ER et fpraty gonneoted
be‘t\béehllfﬁé)é?ﬂmmmbﬁf(bédy)t&ﬁi iy U roRg bbﬂrbrp(sutsbénsmn of the
vehicl e dual - tube shock absorber,

autervebilei A pistonds égopded Withisea pPressyee Iut@jofbf@fe\ﬁé@ﬁktab@orber and
B2l LR O 330 et Wiy B il icee. o

pistends cennbatetiao the sphawy poridnosf the cangnobild mroeglwm piston rod
counteracts the vibrations which would of herw se

whigh exigndsclireydhiteneragagis thg- pbhe iPkioR diviges U‘@]P@Sél”e tube
infoarh BBpePWEREng ¥hbher Ynd & fower working chamber both of which are

filled with hydraulic fluid. Because the piston is able, through valving, to limit the
flow of the hydraulic fluid between the upper and the lower working chambers
when the shock absorber is compressed or extended, the shock absorber is able
to produce a damping force which counteracts the vibration which would
otherwise be transmitted from the unsprung portion to the sprung portion of the
vehicle. In a dual-tube shock absorber, a fluid reservoir or reserve chamber is
defined between the pressure tube and a reserve tube. A base valve is located
between the lower working chamber and the reserve chamber to also produce a
damping force which counteracts the vibrations which would otherwise be
transmitted from the unsprung portion of the vehicle to the sprung portion of the
automobile.
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aut onobi | e. [ 0004] As descri bed above, for a dual -tube

shock absorber, the valving on the piston limts the
wohowoei7ssdanpi ng fluid between the upper and | GEUS2006/031050

wor ki ng chanbers when the shock absorber is extended

to produce a danping | oad. The val ving on the base

valve limts the flow of danping fluid between the

r ki Rg J85GIRRT aBdVS, thS‘rea bearkise éf'h)@ﬂ%‘éom&ﬁntﬂeh@elvmg

sho mﬁsorber I's conpressed produce a danpin
on| “d’@dplsfﬁm Imtﬁoﬂmtfbme%mnplagsﬂmddmetmee m uppgr @nd lower

wey BBl el Saras PhSnERBErEpied 6 RICUIEER dameing

IO@bSVh@%I\M@ i tiled Bade ealveOlimits FReflow ©f RIZATPILE flaid between the
anpi ng load. During driving, the suspension syst

lovn%rvwgrkmgjc@@mt@r( ®EesHg chamhaspyien th eﬂh@ﬁgua&ﬁ‘»prber is

\Y S
oo S8l B PRANEE. B 94 POPY, RGN o absgroer, e
valvirgge onatheepistora |Id’1|ﬂ;3| thieutiew sdfodamplrep flbier betweenr mhpper and
t he pi,ston val ve i a nono-tube s absorb

lowRmNPRiNG, Shard PE)%‘H eq the SPpek BQ%%rggﬁls\/@d%Pd@ﬁ@r FP@pEeesed to
préQitd @ Sakiping li644.0f D@ﬁgdﬁ (ﬁ‘f%ﬁé Uith %ggﬁoﬁéiénteﬁtem moves in

danmping forc e creat ed ring Teboun venent’'s
jowtneclcontessien) avd egbeunit(exdansiony Banpgriguidea movements the

oL SR b B bl SRSyl DS 43R e base
vak@! ivea daartup@ sibdkngbdurbéosr BRatERkise bitort haWedh a mono-tube
danping fluid and thus the danping force created.

shpolpisorera dudlaniping wvr doediedr erthetlpasepivatvenorrille piston
cohﬂSlsbﬁ’\%eﬂéWlo\fedé@ gglfluXd aﬂ‘c‘iltﬁﬂg t eﬁf%ﬁhétfeﬂrc%f greated. During

ressi on pass and ensi o

reb%a&ag&ﬁ/enﬁms n’@'lej mrmteaumsfbeem extendad daalsirigudempirec Huid to
abpsor per

he danp alve or t se val ve opens
meYe: tgHgh éé%l%ﬁmﬁa’@s @tﬁsthﬁndwéuges%wm%o%ercgm i mono-
tubé %hﬁclﬁ h¥spBe W&’é’rHPﬁga\/é?\%TRic%%d 8A%he ?ls%}? Eanfé‘lE‘fﬁe flow of
on the piston opens conpr essi on pasSages I n
dqnmmngrﬂutd)amdamlmdhedmmpplng féicaicteatedt he upper wor ki ng

EEZTBQW%H{ gl (iuaﬁqﬁ ﬁlﬁke@é)%\gﬁy n%%?q?tg“ bmﬁ}e Base valve
nd?hﬁﬁg%(ﬂlﬁt!e 801 §rasfityost é@ﬁﬁ@@@@n%as‘sﬁ@e@ 'aﬁH‘H‘?l@iFéhty”l of extension

check valve on thé base val ve cl oseS the extension
pasaggegies Doringh ounese MeremReniar im@ aiuebtqﬂeeeep@h absorber, the

BB 1 b VAR AR o Rist PG o e base
vaN@Bto control fluid flow and produce a damping load. A check valve on the
piston opens the compression passages in the piston to replace damping fluid in
the upper working chamber but this check valve does not contribute to the
damping load. The damping valve on the piston closes the extension passages
of the piston and a check valve on the base valve closes the extension passages
of the base valve during a compression movement. During rebound movements
in a dual-tube shock absorber, the damping valve on the piston opens the
extension passages in the piston to control fluid flow and produce a damping

load. A check valve on the base valve opens the extension passages in the
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extensi on passages in the piston to control fluid flow

and produce a danping |oad. A check valve on the base
weoabw@opens the extensi on passages in thebaseprealusens031050

repl ace danmping fluid in the | ower working chanber but

this check val ve does not contribute to the danping

| oad. [0006] In a nono-tube shock absorber, the piston

ba@@rvaWel w l*e'b‘lédéd@émélr@' A the Rivef Aatk r%rmmsmqa% check
a plurality of extension passages. shock

vabf@s@et%motquntnwtedothﬁ:d@m@m@@ﬁd f or conpensatl ng for

G S A A s

pltﬂhﬁtyrMetombl‘%smamesnam@pplugalww%x@efnsﬁdm? pasgages The
pens the cqnpression passages in theﬁﬁl ston

Sheehtabéprhqr wkh atspdrlHAB RRNFLIoE campensAHd Ifoatbe rqr@h yolume flow
of %ﬁ&%'.ewlﬁmm iM 3hy fan Noup S@gﬂbgh&’é‘ n%\%?ﬁént%hﬁ a mono-tube

ext ensi on passages of uring a jounc
shwokeainsctrben:)uthmg:onqhesmdn nmzmpmg valve a)nnrmmmtmbmns bpeks the
on the piston

b t h f
copRES DN PAsTRRR RS R B el ALEIGH st mBelie Agfamping

Ioéd uirHle fdx@h st dBRPSHEF Palde @ﬂ"fﬁég%tbﬁ%segﬁﬁe%%mﬁbaébages
anpi ng val ve on the piston closes the conpression

of m@@nﬁm dufing adownea mvemmﬁg Daringtyebadndrsvamestants in a mono-

gt GRS MR Penoiehy S RRL MO0l eR bbuan cppps the

exyeisies preyader indee pidwead ddntel dlidlaow agd forodidbe a damping
Because of this close/open design, pressure

loggci ThexcPB1RseSsioN stesnping Taba: Opr s Distory lases dhe geampression

b
pes@86& Btltie i Abld £ TR HOBERENE"S €19 ¢ an
unwdooed] di Eburrbastcdarrﬁ%k&%ﬂh\é daotiihg Avaheds @arasdesitmed as a
S5 e i A o D
non gﬂﬂhét eBeEQ@Sé’ It RiPLREE/ eﬁ38é3| n, pressure oscillations can

Xl syrmetrl cal pressure a eomstry_
ocstivoiThese tpessurarascilliations camremdt xrahrgb freed uegncy | vilrations being

ogpEaltRel e Bt LB G o R fot G S bance.
cl ose/ open desi gn of valving. [0009] Further areas of

applicability will becone aple‘arent fromthe
description provi ded her SUYMMAR¥houl d be under st ood

thatighhgy deRCLLRE' 88s&RBly for a shock absorber includes a biasing

member which produces an axisymmetrical load distribution to a valve plate.
The valve plate closes a non-axisymmetrical pressure area. This geometry
smoothes the transition from the valve being closed to the valve being open to
eliminate and/or reduce the pressure oscillations associated with the normal
close/open design of valving.

[0009] Further areas of applicability will become apparent from the
description provided herein. It should be understood that the description and
specific examples are intended for purposes of illustration only and are not
intended to limit the scope of the present disclosure.
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specific exanples are intended for purposes of

illustration only and are not intended to limt the
weceop®ofs3t he present discl osure. DRAW NGS [ 0010¢T/Tis2006/031050

drawi ngs described herein are for illustration

purposes only and are not intended to Iimt the scope

of the present disclosure in any way. [001 1] Figure 1

is an illustration of appadNEs! e having shock

absorbers which incorporate the valve design in

acc@@tice Whe Hrawegia:d@saénbeqi Reeain oo for[ltb@%raﬂonmtggeées only

anf R, fob btEded Yo 4B e St TR MIORE fBRI0Slrein any way.

i ncorporates the valve design in accordance with the
present invention [0013] Figure 3 is an enl arged side
vi e[0Tk t i Biguge i h isr @8slishation Oofa”t [Reltenebiig having “shock

ab%;ﬁ?cfégg 2 l]‘nf:'Ellq r@% Aastg%ﬁ \?éﬁ e@ gx%f:&ﬂfa‘?\‘ée'\ﬁltlj\:'tﬂ%‘{@esent

I's an en VI EW,
invemtionpss- secti on of the base vaI ve assenbl y fromthe

h |.ust d Fi 2: [0 Fi
Sa 100PE5”-PBuss 2io\a a6l e rariil i Srosreaioe & doa-tube
sh@éﬁ %Egbbbe‘? O F rE'19Hhi%h3ncc£rg9§fﬁés MOVAI0E o@&gﬁ‘ﬂﬂ &Bordance

are plan views 0O he val ve fromthe base val ve
withhiberpreaet igvertiady, [ 0017] Fi gure 7 is a plan view of a

val Vi ng. a ~axi s tri ress area in .
e cFARAY . "FicBe Shscarh Y ETERG o L Hiatlisiy; bS8sS-section, of
thé m&@m aggemb@;qilorﬁ]th@sadéleaBsmeannabﬁated iAFighrex;val ve
aV|n8 a non-axi symretrical pressure area in

accdPlidbe Rigure #nist AR enkaraed sidatview, padiafly di eress-section of
thé BLERNARR adSdA T o} WH{e sl‘(r)odtks'%bas.o?t'?1 LL‘!étEﬁYgd R qkﬁ!la loy

I'Nn Cross-section, rber

i ncc[oomspt eﬁguin& %Al ared 8Bsargrplan Wewe ofl dre pistort frotrhme piston
I nvention; [0020] Figure 10 is an enlarged
asgp @Wnﬁé QUEEPI in cross-section of the piston

AT T 5 5 ek S i o
baseseats ghawn i figuse 5). DETAI LED DESCRI PTI ON

[0017] Figure 7 is a plan view of a valve having a non-axisymmetrical
pressure area in accordance with another embodiment of the present invention;

[0018] Figure 8 is a plan view of a valve having a non-axisymmetrical
pressure area in accordance with another embodiment of the present invention;

[0019] Figure 9 is a side view, partially in cross-section, of a mono-
tube shock absorber which incorporates the valve design in accordance with the
present invention;

[0020] Figure 10 is an enlarged side view, partially in cross-section of
the piston assembly shown in Figure 9; and

[0021] Figures 11A and 11B are plan views of the piston from the
piston assembly of Figure 10.
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[0022] The follow ng description is nmerely exenplary

in nature and is not intended to limt the present
wdizerioesisse, application, or uses. There i s Sheam/usm06/031050

Figure 1 a vehicle incorporating a suspension system

havi ng shock absorbers, each of which incorporates a

pi ston assenbly in accordance with the present

i nvention, and whi gE-p/_nggngggpﬁqugneral ly by the
reference nuneral 10. Vehicle 10 includes a rear

susje9R2Jon The fellawingdesatptinns isomerealy axeraplaadin nature and is

o e GRERER o el o R Bl oo & Fiser i@’ shown
in FlgRiperta elisier m@ér{)’oe@ting/\bl eabperidion shstenthaviayg lstotk absorbers,
attached to bod means of a pair of shock

eagh <frwhich Izeo'mnaw <) qﬁpm asseg iy iy acoordagesi Wil (the present
.m{ef b %ﬁ%ﬂg%ﬁﬁéw 161‘eé z{taé}ﬁ@eﬁ%rh I;?fby’er afﬂderﬁﬁag%rﬂegm 10.

asse Ively Su
Vehigi@i10 intlubesra redn e;ebpeﬂsion Tke affrcmttsuapéasxaa slemxhcy ailsody 16.

attached to b 16 bty nmeans of a ir of sh
RS SRRSO, 13028y Al BBTVE oRY spRERg0, fParshsiey assembly (not
sh@ﬁ% ggﬁbﬁdzﬁ %&aﬁ%\%%hgﬁoﬁ% ﬁéﬂ@faféér%ée% 3Bi Vihe rear axle is

e unspru ortion e., front and rear
attaubmbrh@ ibody 1E2by Mgarv oha rpaqp@cshqo&x abs@rlsmlﬂﬁg apd ryi @pair of

d.e. b . f hi Wi hi
spljhas; 22, o SitIEMY Mont SUsbefion 18 ifuss & frafiovelndi; exending
fromX bﬁl@é@@%l&/%ﬁot §|ht§Wl|‘f) t@béﬁrbﬁ\v&y %Qg?ﬁgraZ?aI%Y flomt Wheels 24.

Wi th other types of vehicles or in es of
Thepfipn axlleoagserﬁblvuau aitachedt tonbedy 16 b)édn@@ns wéia ppissof shock

absBFBErQ?GaéM'g pgfér%qesﬁﬁﬂ §0h fét‘?@ék ﬁﬂ%ﬁr@érs 20 and 26 serve to

non-1n Shde Spensi ons,

dairmyser r:theatelauve nﬁeﬂendehﬁhéromﬁpr&ngl portiond€pandiemtt and rear

rear suspenS|ons or other ensi on syst.ens known .
SUBRBNSIPHS 1wt BHth o8BePLIHN RURG SREID Ui, et dBlof vehicle

100E iR }/?hﬂ%a'i‘é J{a%l\ggélr%e ReétpERes %)abgeﬂﬁﬁééﬂ héxﬂﬁg front and

t hus I nclu erson struts and o
redeaxlgr&sslendwhes; ahd)¢1eala$cbrbet502(2®hd% gnayi ey uaed/thh other types

2 k. ab 20 t
of yeiids St PG e oBAmnIEauDRs, Heting b i iitect o, yphicles
mc?&poféhﬂgsnéﬁlﬂ&ﬁéh@@hﬁr@ﬁﬂ ahBR rﬁmﬂ@eﬁbﬁ@érﬂefea?%@béﬁsmns

i ncl udes the val ve eS|gn describ ow for shock
vehisies ineorpmation ddenspdenbientandiar w\d@pen@ﬁa@t BAD AUSPRASIONS OF

o Rt Eing i, SR SRR I AR 8, Firlor D8R gkt eporver
aslsedheesinaigsmicaat i@Gefpnpr datpess Pr geaore and thus will include
McPherson struts and other damper designs known in the art.

[0023] Referring now to Figure 2, shock absorber 20 is shown in
greater detail. While Figure 2 illustrates only shock absorber 20, it is to be
understood that shock absorber 26 also includes the valve design described
below for shock absorber 20. Shock absorber 26 only differs from shock
absorber 20 in the manner in which it is adapted to be connected to the sprung
and unsprung masses of vehicle 10. Shock absorber 20 comprises a pressure -
tube 30, a piston assembly 32, a piston rod 34, a reserve tube 36 and a base
valve assembly 38.
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tube 30, a piston assenbly 32, a piston rod 34, a

reserve tube 36 and a base val ve assenbly 38.[0024]
wénewgars3t ube 30 defines a working chanber 42pCPRiUSt@mr/031050

assenbly 32 is slidably disposed within pressure tube

30 and divi des working chanber 42 into an upper

wor ki ng chanber 44 and a | ower working chanber 46. A

sealjod4] s PieuRafedubet B8elefmad @ vasTRRGP chambeng2.  Piston
pressure tube 30 to permt sliding noverrent of piston

asgeRbhb By issligably disppeed wildinpessure tubeS03andidivides working

cnBffiEr 22 s BRe hofig BRhmbel S5 2ra Mitery R aREu A oer 6.
A 46al RBS’SO@sp@@bc%eltWe@i trastbe cagdsentbilyp t32 aad serebbire3fibe 30 to

angd extends throug per wor Kj g%ochanber 44 and
PW'WHO?JQH‘QJW@HP”@HB o&a@t@bamr@wy with r@ﬁee@;ie diregsige dube 30

t I
wiloBE S RrARRE ufiye ITABGA RrBks | AR o8 bl L BpaR Sorking
chaotbe3 44 fform lewdr vforking tchambed 484 Risimrsidde34 s mtmrmui to piston
t d t b dto th
ashagERopY b eite D rSon PGSt NERHE preforr 4 imiibugn upper

en@iotdd 8bSwHhiBs d&‘e%“iﬁ@tuﬁﬁerfén‘é! & BIRLYERMUNRPS. MOEKAIMY system
chanber 44 and | ower vvorkl';lg chanber 46 during

seﬁlﬁ/mmer{ﬂcqobewrassme 32p\VhQ, Heaepyeelsiber36 andepiston rod

ST RE e EABe! B SCpubbeRs oRIpS R Masal iy SRlsr RgBiec 1o be

se&ureenwth@&er? AiasassfergHisle 3. Widving St giston assembly 32
pressure tu O causes a difference 1 n the anount of

copfrglsathe Biavemantiaf fiyigdetupeniunpes ek axamhar dheand lower
d I 4

R tp8) HerudhAPIASEINER LUl BB B2 Rl fFoooure

tube 8GN Becatuse pistod rod Bdrextersdgdonly thiloogh uﬂpeomginklhgsmamber 44

oA B RO o W VSr B, et SPUl 5 v
re§8eét%?r§§stﬁ§tﬂﬁ§§ @Ot?ggg% %d%?%rﬁ% inihe aﬁﬁéuﬁ’t’%ﬁﬁﬂd @fsplaced

reserve tube 36 Is ¢ ase cup 54 which
in agppt working whaotrenekt and the amuuhebﬂwdgdla;desed)in Iower working

orsF T HiadhEsh BRrghum S0 abBRade ipyn 38 e oo

volime1 ane dbweeth bayevalve ssembh@ber 46 and
reservoir chanber 52 to control the flow of fluid

bet IBAASE haMeserresBibendd sirropngs rgﬁewea%@@r%ﬁo apfine a fluid
rege( gnd@ndrﬂ LEeRst IBca gﬂL%’ O{?ﬁ)l % 95, TTHL dodét%m end of

ovver vvor Sanper 0 the
reserve tube 36 is closed by a base cup 54 WhICh is adapted to be connected to

the unsprung mass of vehicle 10. The upper end of reserve tube 36 is attached
to upper end cap 50. Base valve assembly 38 is disposed between lower
working chamber 46 and reservoir chamber 52 to control the flow of fluid
between chambers 46 and 52. When shock absorber 20 extends in length, an
additional volume of fluid is needed in lower working chamber 46 due to the “rod
volume” concept. Thus, fluid will flow from reservoir chamber 52 to lower
working chamber 46 through base valve assembly 38 as detailed below. When
shock absorber 20 compresses in length, an excess of fluid must be removed
from lower working chamber 46 due to the “rod volume” concept. Thus, fluid will
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vol une" concept. Thus, fluid will flow fromreservoir

chanber 52 to | ower working chanber 46 through base
woabweessenbl y 38 as detail ed bel ow. When shoekT/US2006/031050

absorber 20 conpresses in length, an excess of fluid

nmust be renoved from | ower working chanber 46 due to

the "rod volunme" concept. Thus, fluid willflow from

rolAPNS'rh Imél‘mlﬁg%ﬁ’aﬁ{béﬁ@t@ ré§ét@b#%h‘énﬂfé?r§29!hr&2gh base valve

hr ou base valve assenbly 38 as detail ed bel ow
assemmwsaasaeﬁaﬂegi brlowt o Figure 3, piston assembly 32

oo AW 6 oPElsaA0 B0 noPuuft, & TREBRORSFRABY 52 comprises

léf@ﬁ’pb@éﬁslfim wakwmpressHom| valbe age@s@ynbdzedn@gal fsoudd valve
shoul der 66 on piston rod 34. Piston body 60 is

asgeRWihPéd %@pr@sIO@o\faévee@gwmblyaﬁ&@ mﬁie? againgh@ shoulder
6@5@@3}% Vrghnu apiaph! B/oog/“sQ s %%é&%ie%ﬂaﬁ?@kfgbﬁﬁg’?éggéh valve

secur €s t hese conponé
assembBAG2 [hidrebobndtvalvebasyerfiblydsf isnasseipibdragairtst pidton body

corpr essi on passages 70 and a plurality of rebound
6%:@5&5@% sp5UIeSIRPSE SOMPONERIIOPIHONraNAy of ribs 74
t
o %bo@g e pistdh Bo@ke‘@oadiéf neso4 pritany g@&ggéoﬁ%és@ages 70

i di ng novenhent o pi s on a
andoa 2h)raliynglr rebsiind pesisageageenBegl 42 mrdtmqiﬂs geutality of ribs 74

wih S8l P ShAGnEuNa rs Lo BuuBigbihert o
pi$tbA a@kE/bIeBE. Val ve disc 80 abuts piston body 60 and )

cl oses conpression passages 70 whil e | eaving rebound
pasd8628] 7zC@mmesspn|\fajvaassgnmhs&@s@awwsaéea} retainer 78, a

vaI afse {0, Zt?i Qprrﬂ%‘ét@ i S r’?eq '}é)aﬁ%sé‘r%}f&éﬂ 66 ohYor 8fd and

val ve aga S bod

plstonnmlysemm $he okear &ridui Valve dusvm aMfypua@mwwdyoem ahd closes
I%r essuri zed causi n&éfl ui d pressare to react ag

8sign RasgageWEnvhif lgavinairehossd Rassages <t OR)%H Vgprlng 82
. i I
e
diso180r againeh pisiers dyely 0. addriag |owofrpression sirakeprtiuid in lower

| hanber 46 wor ki ng_ ch 44,
W"’r’?fﬁlgc%m'vg%gﬁ Eﬁ?’é@esbﬁﬁd té%ggl%%gl (¥\%r I Tlggﬁg%qé{qq%t valve
8. ONHEH ¥l 8 praSkiABCAI A GRRCVEY GReREIREDINE biasing

62 acts as a check val ve between chanbers 46 and
loaw eold sRPing g82 hakplvet disos B0c separateh Jexmapisiemrodyo 60 to open

q%ﬁ;ﬁ(gggloﬁ pa%@%gé %boeﬂ'\ds élfo% fufd oy ABH f?)lvde‘? %&Km@a(ﬁf\eamber 48 to
upper working chamber 44.  Typically spring 82 only exerts a light
axisymmetrical load on valve disc 80 and compression valve assembly 62 acts
as a check valve between chambers 46 and 44. The damping characteristics for
shock absorber 20 during a compression stroke are controlled by base valve
assembly 38 which accommodates the flow of fluid from lower working chamber
46 to reservoir chamber 52 due to the “rod volume” concept. During a rebound
stroke, compression passages 70 are closed by valve disc 80.
[0029] Rebound valve assembly 64 comprises a spacer 84, a plurality
of valve discs 86, a retainer 88 and a Belleville spring 90. Spacer 84 is

threadingly received on piston rod 34 and is disposed between piston body 60



10

15

20

25

30

assenbly 38 which accommodates the flow of fluid from

| ower wor king chanber 46 to reservoir chanber 52 due
woaod7he17seod vol ume" concept. During a reboundPerT/usk@s/031050

conpr essi on passages 70 are closed by valve disc 80.

[ 0029] Rebound val ve assenbly 64 conpri ses a spacer

84, a plurality of valve discs 86, a retainer 88 and a

an%eﬁtln%’é.ljb‘g)aé&r 80 9e3ths & ggﬁe cﬁf‘Gb ?nﬁ%cﬁﬁ@ﬂe@gpﬁ valve assembly

receive ston rod | Spose
62pwhile petmrul}ngsmmrtcghmmmg&f nSpSBemtf&A:t cetrmre&npg sttbelr valve disc

8(%3; Kﬁa?\{q a%%{sféém Fge?]ttsal onr?/gaa Idglgwg]ts B@@) \gyot ﬁagtspacer 84 provide a

copfRbe &S ToNd @mﬁeﬁowa\r\ﬁeéh SShobfie?! 68 Anendi %QStoSﬁacmtate the
Ret ai ner 78, piston body 60 and spacer 84 provid

tightening @ndssesoring crfmuﬁ@&ﬁompa@er @éeandsﬂnw toepisten r@dc84 Valve

gl b 141 B, 0 B 3 B4R ey o s

rebosns pdesadges Fbi Whmleavrr@c@ompebsybrs pé§§ég7e%47@|b{beﬂb URetainer
é)l ston hody 60 to cl ose rebound passa

BRI @llek@gb/r ©seiven %§§a@%r5847@n6 U gfseeaam@lscs% Belleville
sp‘?‘lln CQOSi é’éé%ﬂjé%e& %\:/E g@%@%@gﬁ&g dgéog&y bb{w%gl Fegamer 88 and

i SCS e Spring 'S asse
nwt pas ewh&ﬁh mcthreachlmglpomm\keeit weespactaigier B&ll@ﬂﬂb nggdring 90
S threadln ﬁi recei ved on ;yace

a%m'@@fﬂqa&!y firsen;rajpingk 88, against valve §‘F9a§@sa'?fét"§lvﬁe¢'303 86
agthAIRE R bé!%}O%G dV\?rfe?n ﬁﬁlélagFés‘éaPé’ % Qgéﬁéd 89 AGA 86! they will

pi ston bod When f ressure iS applied to
elastioady @tefleche’ythﬂ Otuteelpaslpheml legigeddl euan egbainel mlveassembly

S e B b B SR AR Mo BB Do Bl o

prél@faldnﬂ)r919el!élnl@§ghﬁﬂg daranar glueathd BlovBeIf 9Véds|u?e %r bBScribed
90 and thus the bl ow off pressure as described bel ow

betoiys , Thuse teaucalipration dof Hﬂe blow off doatorg of ezhaung lve assembly
64{: §,|t§%g>%??ﬂéq 0 tl"i'e$ ﬁgﬁgjrhﬁor? f‘%ﬂncsbv a@%@&%‘?@r\{ﬁ @%{%ﬁbly@gg 0]

Duhr LT[Jggaa] remmmmg asteshﬂtmddéﬂrokeq fluid megewdkag chamber 44 is
chanber, 44 is essurized causin uld pressure t
PrBgsiZes GRYIR0 JIuid, Bressiee tedeavhasrinhivalvg; disgs 865 Vihen the

e c
fl%l@?éé%%l?eag?bm% agéln‘é , |v% ISééﬁgg&@%%@% B@Hiﬂh@%ad for
valed discs &ﬁ;emlvegdrsebcﬁﬁwdlaphsadbrgésfle‘& oqnlelnmg redpduingdi piassages 72
flow er work |n cha rkin
i B RO S UBPen B CObET d do LHE wilingBflamber 6.
Tisd éﬁe@?thrcﬁhﬁ&ﬂ\%ﬂ d%@§%§ﬁd ‘fhé %lz@eéfeﬂéﬁb[lﬁd tdé%sﬁ@é@\/\ﬂgdetermme
characteristics for shock absorber 20 in rebound
the ampinggcharacteristics for shock absorber 20 in rebound. When the fluid
pressure within upper working chamber 44 reaches a predetermined level, the
fluid pressure will overcome the biasing load of Belleville spring 90 causing axial
movement of retainer 88 and the plurality of valve discs 86. The axial movement
of retainer 88 and valve discs 86 fully opens rebound passages 72 thus allowing
the passage of a significant amount of damping fluid creating a blowing off of the
fluid pressure which is required to prevent damage to shock absorber 20 and/or
vehicle 10.
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pressure w thin upper working chanber 44 reaches a

predeterm ned level, the fluid pressure will overcone
woOher7messng | oad of Belleville spring 90 causPaguaxioak31050

novenent of retainer 88 and the plurality of valve

di scs 86. The axial novenent of retainer 88 and val ve

discs 86 fully opens rebound passages 72 thus allow ng

Lne agereferdng O NFGULA L hivel askumbIpass
1 CLOTRATOloring (GO, INTDAIG) aSRm0 8 chrioes a

vah/eopndy&e,taacgmez@ﬂomm@ @ssembhoe4 aadsorabeungdoradiredassembly

96, o aBiPSSiorL ga BEREIb Ry Al $b6End RS asiliitiy, o6 are

atmahe@ e vakreiibhodyPd2 asthgpa litosmandal vat a8e.enMeytiGtening of nut
ressi on valve assenbly 94 and rebound val ve

100 RS ally bianen EOnaR 500 4PN BRREMIDS Mctpigrds walve body
9298 \A\b 3o tgé%ﬂg&e ;ﬁlg%ﬁ nf}" P Eop H@H%loﬁoﬂassa es 1 %% and a

axi symetr Iase r ession ve asse
plmal@ra:lsebwncbpa&nageeﬂowal ve body 92 defines a
pI ur ressi op passages 102 and a pluralit
6 QOLGRON palve mﬁﬁb&%%@yw @arﬁva-ﬂlﬁy  valve

d|s'%>%5ﬁ533{|'§ét %49 %Q%tn?@ﬁlcé\lfb%‘s it vaRleViSodl gi}f}ﬁtgng and

hat are axls I cal I ased ag ai nst va V
nUle@ol tDtgmgaaoqupreselon s:tn:bkengflmd onrlpwesswqmr@t chﬂmber 46 is

b B By PR o
evéhtuallf VeEnl abhprésiich aler 85SarablyVad sy @éﬁ&t’tﬂig)’d@és by06 in a

deflecting discs 106 in a manner simlar to that
Myl siheitaratevibat o«descélb@dn@bowv@rag@@mdy vglve assembly 64.

Ccﬁ?@%sﬁ@j\ﬁ; \?ATV\A% ?E#ﬁnﬁmlwm% fﬂud flo%\é rr8v\mn &W@r%érk?}ﬁochamber

464t apdeomqumglechamldewahmr&i oMyITLhe‘ f‘r@d t/diiumﬂjh/vlll flow through
essi on val ve a e e
CORIBSIOR T AP BoFaTbLn Sk albe: HEMPIRS HHitagtesstivndar shock

aﬂébrﬂé?ezdjﬁl% e%xrﬁa[‘@%ﬂn?d%lgﬁ %f&%r@ﬁé%@h Yalfb %se@?&l? 94 of

val ve asse oun ve assenbl
basenalvesassembll38e di sc 108 and an axi symTetrl cal val ve

Val di bod nd
P odB837E Biholiie YhiRAsEaN BB APk Va1 08 and an
ax@gwméméabeélwgﬁnﬂgh 1000/ a0¢l disrl 0B gbsis e @ody 92 and closes
reb@ i/m’retrl cal bras val ve disc 108 agai nst val ve

PASSAPLS ﬁ@4a NVebesu sariRg riditeis fispoged rbatygen nut 100 and
vany Hs’&g&? qg%ﬁéyrﬁ%a‘tﬁcéﬂ?%ﬁ?%&l\% disc 108 against valve body 92.

During a rebound stroke, fluid in lower working chamber 46 is reduced in
pressure causing fluid pressure in reserve chamber 52 to react against valve
disc 108. When the fluid pressure against valve disc 108 overcomes the biasing
load of valve spring 110, valve disc 108 separates from valve body 92 to open
rebound passages 104 and allow fluid flow from reserve chamber 52 to lower
working chamber 46. Typically valve spring 110 exerts only a light
axisymmetrical load on valve disc 108 and compression valve assembly 94 acts
as a check valve between reserve chamber 52 and lower working chamber 46.
The damping characteristics for a rebound stroke are controlled by rebound
valve assembly 64 as detailed above.
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pressure causing fluid pressure in reserve chanber 52

to react against valve disc 108. Wen the fluid
wonrewgars3agai nst val ve disc 108 overcones t heroTas2ewg031050

| oad of valve spring 110, valve disc 108 separates

fromval ve body 92 to open rebound passages 104 and

allow fluid flow fromreserve chanber 52 to | ower

Wort[omphaﬂ‘@ﬁe“mﬁ}@ ndwPte aFigMres|sre &id | 51, Jgﬂéloﬁxﬁbély? 60 is
Ilon%@a [ ght axi symmetrical | oad on val ve di'sc 108 and
i

%ssﬁ'@WevﬁA\ﬂ@Jﬁ@@rﬁlﬂ% top OédQI%toasb%dM: GBokherel the outlet of

coﬁﬁfr&ﬁﬁgnaéazspl ﬁ char aCP%tTZI%S?I CS E}gﬁfra relkﬁ)lc%%grgF {rnékf)ottom of

pistor loadyt 160! we:éré))the eduﬂwnobfvsdbwndspaséﬂgeswzaare detailed. As

det ed _above. [ 0034]. _Referring, now to ures 5A and
ilusgy %c!' & Erg%%ég%@nq* B fiheTe 81 WEe PP@IE’F ssw passages 70 and

’[hr‘e|eJ P@ddLﬁ'Fde ab%ydLR20! A flieflafeadin &Ry B‘éhoég fession
BaH gustiated ¥

npr es assages 70 are det a | gure
palSBagGﬂl(hlSea dmh@ehbtstzenam eachtmm;tm&ylompamm Thdas its own

seBlih S T YAPE SRS 085 alRs Hr Eistbe ot maviaualy
clERBAGS ToAbreasicR PRssdde Fod Tﬁuﬁhéeﬂma@é FR3SAHYSalvéMisc 80
As illustrated in Figure 5A each conpr essi on passage

deﬁoedsbsassahm@ﬂ@ms 320 cvaiies pasiatioony dke ichrupdereatial Imatlon

oL, SRS S6 P Y0 F e 2R £ 28708 agaie

vab@niise 8oL drhepﬂmﬂqgesguﬁe irl thes larg st chsé 8ée¢ticzt 8ized passage 70
val ve di sc 80 defined by sealing |ands 120 varies in

will dleflechvalve dlise 89 isinfehved Y ioe Gepend lasgest grags-sectional
snirﬁeﬁl;@t § eoF}'OSforIIB{X/Fd LfJ%'t’ﬁéj s@r&aﬁl%%ﬁ g??%@u% LBnBRSERACSaddhge 70.

ai nst va i'scC pressure in
THisprovidge $or arsmscothecansitical beivassh mslaged ‘fidsitidnl and the fully

def | |ve disc 80 first, fol .
orspryasiti SCodbfassinn vals asspmeBie. 75 MEFrSRANdyaure se.

edcherebBBhH PElss86O 72~ 8 /L diffePait stie 8AdRATHABBOUAD pEBs Bge 72 has
provides for a snooth transition between the close

itspewnt sealingntenchd22ul Valvepdises §fbsingaga edch: sapling dansch 120 to

S ARUEIT IR o Rnd PRI 227 L Al 6R5on vve

digeIBsuadfimes Hygsealihghrndst s2DPWarigeahi raticineo 18 . C|Mahﬂ‘6rentla| \
di scs 86 engage each sealing |and 120 to indivi dual

logatione dAHing abmhoungasiselgy fuid pmaguret withisu pResages: zé reacts
ooy 828 99, G 168 2086 0 BRI B8R BBk izo
passhgam@ willrdedlect Valve disuoseBafirst, folldwed byadbeagesnd 2argest cross-
serc%gﬁéls sized passage 72 followed by the smallest cross-sectional sized
passage 72. This provides for a smooth transition between the closed position
and the fully open position of rebound valve assembly 64.

[0035] Referring now to Figures 6A and 6B, valve body 82 is
illustrated. Figure 6A illustrates the top of valve body 92 where the outlet of

rebound passages 104 are detailed and Figure 6B illustrates the bottom of valve

body 92 where the outlet of compression passages 102 are detailed. As

illustrated in Figures 6A and 6B, there are three compression passages 102 and
three rebound passages 104. As illusirated in Figure 6A, each rebound passage

10
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agai nst val ve discs 86. The fluid pressure in the

| argest cross-sectional sized passage 72 will defl ect
woabw@disscs 86 first, followed by the second Pargssio6/031050

crosssectional sized passage 72 foll owed by the

smal | est cross-sectional sized passage 72. This

provides for a snooth transition between the closed

10R08id tplerémicizdantWdch munaqﬁs%ag@ 104 m&@ﬂwdm/@ééamg land
now to Figures 6A and

assenbly 64. [0035] Referrin
124, Val;yp\,d;scbdg% gygaggs. qaaqh*sseétngdlanpl. *gﬁm aWividually close each
reb#uﬁ’cfg)ra@ég o 402, t?ﬂug,ogy a%’\éﬁ%%) ?3 g) gﬁlgl % g? e%hgfmed by

oun passages
senlihgidamdd d24t varidsoirnt oefatibn val the hadyn@iewmrlecaﬁm During a

tl et C ressi on passages 102 are detaile
reboin shaked i Brassie Ve hasaages [ofeeacs paeinst valve diso
i 0
1080MHESRIiA brassnR9R th% %%&i érg§§%e& flﬁz Rpasesse 104 wil

['ustrate
defiastwajed @isd 08 fidsif fcélpmed ey e aembmhlralngesihmss}sectlonal sized
assa al ve di s

5308 104 700ous by e g e seosSlbrih icetiaassege Tos. This

pr@\mé@ foRcd) sfrﬁ@é’thnﬁaﬁ@iﬁéﬁg@eﬂ\%n THe cloddie poditioACBnd @R fully
on val ve disc 108 defined by sealing | ands 124 varies

Opﬁﬁeﬁéloéttlocﬁirpftféb@h@d yRlveaaserity Pl Asidustraied imiigurg 6B, each

co 8408, 3R 10 1. PGB THEE U TR e 102

haistts d:wn gealing larssq sect\ﬂawmduses 206 W&Déeamdg land 126 to
defl ect valve disc 108 first, foll owe t he second

inqiyidyaky clasgseaeecpmprassian zv@ésgyg@sj&é’e IMSf e sudaceyrea on
valJee digel H?%t dEfifSe Cgéé% 15hd$ 5oV 319%1]194 relyﬂgﬁ to the

provi des r asrmo transitiron be
cirpuniferientiabhatatioa. f WUringo jpe nemhppession ciroke, rfkemprTdssure within

pabfniire d0BcRap-achlashaive SRCSTIGH o Baidy péesise dadhe largest

CréSHIBE QRSHaD BiZRaS geORo gl Uéﬁea%hﬁ,ﬁalécgm d@ﬂﬁét Ifefiowed by
Val ve di scs 106 eng age each sealing | and

the isgcond dardegt erassesesiionak alrtpd ewrsage p%@evvpdzby heismallest

crogaRtitsB A E bt {6ron T igYBebclit &) sRERY) ansiton

betweeh ithe. cib¥ad Pesion oamd Qh?élf@l[y spé@l@snfdmbﬂ c@h‘Tﬁ@e‘yﬁ’l@'\ valve
wi t hi n_passages 102 reacts agai nst val ve discs 106

asgREWY 8t d pressure in the largest cross-sectional

si zg Goﬁgfgaﬁi%;]érﬂﬂg‘ﬂow tqdlelbh?é:? Y358 iR Fod R uuéltFZaggd. While

f ol I"owe cond Cross-secti ona
Flg@@ﬁh@jkﬁlsmﬁﬁas‘ ol de dog f t/hlaesbmiyl 32 and welsem&tpassagjes 104, it

is Si' 484 Lﬁ]déﬁsa}god ]Tﬂ at ’[I’-lreh IIdc’wgrIr g?ﬁ F vfaR/% goémoQtzhwith compression
passages 102, the top side of piston body 60 with compression passages 70 and
the bottom side of piston body 60 with rebound passages 72 can incorporate the
non-symmetrical design illustrated for valve body 192 and rebound passages
104.

[0037] As illustrated in Figure 7 there are a plurality of equal sized
rebound passages 104. An outer sealing land 130 and an inner sealing land 132
are disposed in an eccentric position with their centers being shifted such that a
larger cross-sectional area for the fluid to react against valve disc 108 exists on

11
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bet ween the cl osed position and the fully open

position of conpression valve assenbly 94. [0036]
weeberoei’sg now to Figure 7, a valve body 192 i BCT/US2006/031050

illustrated. Wiile Figure 7 illustrates only the top

of valve body 192 and rebound passages 104, it is to

be understood that the | ower side of valve body 192

on‘éI él&‘e SPTRIVE LIIYM ISR $hd Qdrfaéd Brd08n S/'a% d1§c ﬁbétdé'ﬁned by
body 60 with conpression passages 70 and

segling landpi i AnNBodF2 ea@rigst in r@ab@mepﬂf@sag@anezen@ad location.

DuReGR BBa T s BuhaTr TR e un ety oS it 1B Rburs in
an linevdinr mbadet dudt@theceoten®s gosiieniag loff sealing lands 1Md 132.
si zed rebound passages 104. An outer seali ngf | and

Thenfiuigrpressiee 9dBei lAweshAtSsecipRakiegoylials jpchiyalve disc 108
flrﬁ {akéﬁtuﬁ Wd Alfid rEQsdrB%lc%ﬁrQ#l&feﬂ/ Qﬁ % vt%ﬂéé Qﬁgﬂ 108 from

ar er oss sec i 0 area
seabng daods aealami 132l dewlsvllpscw:déthcaxa shsoathdremsitichebetiween the
ace area on val ve disc

I bhody 1 Th th
clogbs oI aNS e BRPT RESTaR IS DeoBARSS IO | be (n e
el 30098  OREReifl TOHTAEGNT 8! a LaSERR 2RE isidtea. Whike

rebound ‘stroke sure acting against valve
Figirec8 1toustrat&amr$ly|the dop ohwlaa boslyrR92 and reloouritkpassages 104, it

s S50 1craIpak bRl ik 10k e, BCva BB Radd BB itd Cuaspssion
patishbesiabbetic mpls«@e g |§|§toho&>dy 66 WitArsbraprestion| dasStagés 70 and

flurd pressure wl |l npl etel’y unseat val ve disc

the beltograidey nl%tﬁaénoﬂxcﬁchwdh 1820unthPassagesi eean icogporate the

RSN SISO BTSN 4GB 3R 292 AP Relfd Bhgoaces
10%0w to Figure 8, a valve body 292 is illustrated.

262 18A3%F o ﬁwb%kaﬁééé,&%?ia%”é,.VthéPeia%eSEaﬁﬂr@)ﬁﬁ‘y'e&iwﬁsﬁéym sized
rebBé‘ﬁdtes 1% .depode ét‘ée m?&?%"’ﬂébhggglgpéﬁ&ﬂ%wdual

passa e top de o
passage k. orquae dige d Oﬁoeragagashea@mtseahmgulaned o4 Opics irwlividually

CIgh PaS R EPPHEAPARSEPE N (. | 1CLPad SHEPCG 268 Gbaghaodisc 104
delitdr By @¢afing aasdd 93201t ied W@&tldﬁ 16 lthe difcahsierdrifial location.
Figure 8, there are a pluralit ifferent sized

Durinangbpurd sijeke, fud pteswrx%lwa%@ @wangﬁg 104rigagkpoagainst valve
diSE3b%. FREhlid glré’s!s%lt’é‘kn the largest cross-sectional sized passage 104 will

deflect valve disc 104 first, followed by the second largest cross-sectional sized
passage 104, followed by the third largest cross-sectional sized passage and so
on until valve disc 104 is fully separated from valve body 292. This provides for
a smooth transition between the closed position and the fully open position of the
valve assembly.

[0040] Referring now to Figure 9-11B, a mono-tube shock absorber
320 in accordance with the present invention is illustrated. Shock absorber 320
can replace either shock absorber 20 or shock absorber 26 by modifying the way
it is adapted to be connected to the sprung mass and/or the unsprung mass of

12
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passage 104. Val ve disc 104 engages each sealing | and

140 to individually cl ose each rebound passage 104.
wohouw/021138 surface area on val ve di sc 104 defi re®/usg006/031050

sealing |lands 140 varies in relation to the

circunferential |ocation. During a rebound stroke,

fluid pressure within passages 104 reacts agai nst

the/ aletieldl ssr]é@% abEwoéH 800 BURPELEE al Frés'%ﬁré 3088430, a piston
cross-sectional sized \éﬂssage 104 w defl ect val ve

asgerbly18a2 ane e pisios nog by the second | argest

i 10OFEY o RPsRen L 4680 OO ey 2 ol EBhientitef 2, Piston

asgeltibly 832 vesktiably dRposed withiry prearatse 830 mndalivieles working
body 292. This provides for a snooth transition

Chaaihﬁé@AZt IAIO BN olppar pexkingshamiendid ang |a¢ow|§éwvorkmg chamber

SdBSh 4 3 GBI LB b1 BT EE: S Rkl e
33@ctocpeiammildmg Maveengnt ex @igion mesembiyn332 wnihl mgpeatbteobressure
sor

w36 B Sl b0 ) e S B 4o oo
watlingt e8arBeb B420RBRF @ Wet ‘?\/drk‘iﬁghgs@r’iéfﬂﬁel"@%% a'?ﬂét%h fdE 334 is

unsprung nmass ofthe vehicle. SRock absorber 320
atieshed ite isten pseembhe332 bad3ikextendp nbnoughamamqumgz:hamber

s nf AT Ranihe? By cab & lon WEREHER VA5 ook i eno

of firegarecdube V0N ArSSHingSsyistdn stk mlﬂlrﬁéﬂaéteﬁemééﬂ st guide
chanmber 342 into an upper working chanber 344 and a

390p REFSSHER Kiliy 38R mﬂdmst@maodﬁ%ﬂea he £8di &f pistopaed B34 opposite
to ﬂﬂﬁ%s )Pﬁséﬁsc’%@gm’eugﬁazl%?%?c@fe%sﬁw l%ﬁfggggf‘am%%& vehicle

erm-t s I’ng~novene ston asse
10 e'Eip)@endtcdi pressise tebé 886 cpposite tdrod ggieleam isngossttbyg a base

fricti I, f | | r worki.ng, .
vt RRds aAnGid Guks ComIEio (o lngniesbring mams<a! g icler 10,
334 0942’{1t aanegripPedyish Ol rrYbI %§Obléﬁé& eRAIS piston

thr ugh pper wo klng chanber 344 anhd t rough an upper
assathbdya B38rcantivly niavenss0 aftfivit behwees lawer wppdng ehdmider 346

{ 0. , temseals the
arft XEPEE Cwblidia. ity Gt 10438 CGPRESD Wifemap ghcpiston
aseeRionn 332dwRBih pléssupddubé FBG! OThd %s?g?ﬂf@r%@ﬁﬂp?&ss‘i&w valve
pi ston assenbly 332 is adapted to be secured to the

assgmiphy 3%’5§06fr0l$eﬂ‘%Idﬂmngm‘%ﬁ@ﬁ@f@flcﬁaﬁ@ésﬂmkt apgorber 320
il QRIS Sidh o0 OA T 5udRloh Sl Sl YA R it
pistens aséembly 332 lﬁ)ntrols movement of fluid between upper working
chamber 344 and lower working chamber 346 during extension or rebound
movement of piston assembly 332 within pressure tube 330. The design for
extension valve assembly 364 controls the damping characteristics for shock
absorber 320 during an extension or rebound stroke.

[0043] Because piston rod 334 extends only through upper working
chamber 344 and not lower working chamber 346, movement of piston assembly
332 with respect to pressure tube 330 causes a difference in the amount of fluid
displaced in upper working chamber 344 and the amount of fluid displaced in
lower working chamber 346. The difference in the amount of fluid displaced is
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[0042] A conpression valve assenbly 362 associ at ed

W th piston assenbly 332 controls novenent of fluid
woetvmersB ower wor ki ng chanber 346 and upper WeCKkiUusgo06/031050

chanber 344 during conpression novenent of piston

assenbly 332 within pressure tube 330. The design for

conpressi on val ve assenbly 362 controls the danpi ng

knéﬂﬁr%e{h%r bS8 VB é” arinﬁ W%Qi”l&?foretﬁg ﬂiHéI'lé‘%céommodated by

ssion stro ension val ve assenbly
a piskICBA0 arhda/olyhdnspesenh withire ms,smseztube r830ohBd r‘m&teﬁ rhetween

(oWt NG SHBBPOs 2B AN ERITBIRRBI b ClEkRIng 72 Typically
gg%ﬁ]%gﬂén Hhaphisd0B78Sis efiifday Wa\ﬂfptéysnr@é@w ana upiston 370

e design for extension val ve assenb
mawast withia pressiutarnpbe §36 liacantenisie o th@rodsmiume concept

o900 e S 03 B B B fomores

pléi@ﬁ%fodWGO %nfﬂ?éﬁﬂ@ﬁ vafe geudnilsly 362veid VGUdundgvalve assembly
346 nmovenent of gl ston assenbly 332 w

364es@@mpr¢ssslw ¥algrassendy 368 ig aﬁg%@b@doﬁigqﬂ@teﬁwéaowﬁef 366 on

o4 25, Gfl =PTSRS o

assbm’tTwe I36d24§mlj< Tebodnd fvaihen aes%mbtyr 864nB umsenﬁbléd Lagalnst plston
aced is
barc3aGh A Nt 358 SeGuERR: ﬁﬁ%eéﬁw@%?ép%atopqé'rpaﬁo%ﬁnsat on.

S' ' jtgahy di P&Qéﬁﬁ(d@x d@‘nﬁéwgmrm@ SRGoRprLdsRiRpassages

OV\BI‘ WOr a corrpensatl on
smwanfdea pm‘:‘ahtynfgebaulhd pa:sawesﬁ't?ﬁorﬁeaia’ﬂﬁﬁamma 8 plufallty of

T e e

thOéMEﬁt SOMSRPL asdediA¢B3Ref erring now to Figure 10,
pi ston assenbly 332 conprises a piston body 360
conpl0846] on Coanptesaioneyaiys aasgmaﬁfd%%w@mmwm & getainer 378, a

ISR 37 S35 BB R, on o end

amti pigieon 38 ohsthesstaebkead. d@avesmsc: GBOreé:nﬂs @istoalbogly 360
assenbly 362 and rebound val_ve

a%m%aowé@sﬁqn REsEBgEH AP wgﬁe %ﬁawﬁe @@nggcpﬁ%g?ges 372
Oé%gses s % p :%o%bat o(?\vxfe‘éﬁ #tinek COAP hnb §él987dﬂ§éi}680 to

ity conpressi on passages
amayfnmep)hcalm bias wﬁalveemhﬁmcﬁa@aw pizion $egly 369. During a

chREHASTT BBl il 1§l Bl el A € ohfypec causing
fluid pressure to react against valve disc 380. When the fluid pressure against
valve disc 380 overcomes the biasing load of spring 382, valve disc 380
separates from piston body 360 to open compression passages 370 and allow
fluid flow from lower working chamber 346 to upper working chamber 344. The
damping characteristics for shock absorber 320 during a compression stroke are
controlled by compression valve assembly 362. During a rebound stroke,
compression passages 370 are closed by valve disc 380.

[0047] Rebound valve assembly 364 comprises a spacer 384, a
plurality of valve discs 386, a retainer 388 and a Belleville spring 390. Spacer
384 is threadingly received on piston rod 334 and is disposed between piston
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novenment of piston assenbly 332. [0046] Conpression

val ve assenbly 362 conprises a retainer 378, a valve
wdi2er/0838B83and a spring 382. Retainer 378 abut spreimwskaen31050

366 on one end and piston body 360 on the other end.

Val ve di sc 380 abuts piston body 360 and cl oses

conpressi on passages 370 while | eaving rebound

boB} BB aAd A SB@enS pabét 884 3r§?anh§ Piiitérﬁ’%@ ¢ 489 ¥Re rbompressmn
retai ner 378 and valve I sc o axisymetrically

valyieaasgamidy 0862 woea@arméhngutmortlgdswyngeof ouk i 368 awithout

cof PR g eRoR A B Biscrapt Pr v P .« BRPulic S sl ooy

360adam¢ s6r 389. prdhrie &hsoritinubds Rrofigsetrtheatioh rb?étwé@hvﬁoulder
0_overcones the biasing |load of spring 382,

36@@%% 338 tplaciitaia the dghtening and ﬁ@ﬁum9f reiBa&tangraser 384
anﬁlqmé % mgls&?hn P&fﬁgﬂggaﬁéo%@?éj 386 'agc‘év vao Q/ lfelcQWeE ro?f"%pacer 384
anﬁ4abuﬂ'rmstxbanbodg 86@r ’@ctotrsatrebeurﬁd)rpaﬂsagbs abzzr \marle leaving

COTRIE R 1 epaPY €05 8BABI yBBNeTORER i 57 claeY received on

spébéroﬁm af@ W)élﬁ% VaNeRASSRILS. BellcHlis sﬁhﬁ%%@o% 2%8b¥Bled over
disc 380. [0 4Q Rebound val ve assenb 64 conprises

SpaC%Ipa’&Bdf agg4 js dligpaseal ibejwesdn vraltamedlS&Bs ap@e nhuh 368 which is

B raeld S et . o oS  #P SBEC Bl hetialy
buabe%pra@iﬁebsswxrmtaiaw@@wsm andl vale di88s 3§63ég%fnst piston

384 retains piston body 360 and conpression val ve

boglys36p| yWien {lkid prasskig ts iapglieddot digas emithghey willt elastically
cefEEL 4 YIRS R M Tech I IR et 8.

shBBMQB (v icated betweonious 388 adddBeladila sprifgBeetd control the

PrelRBUsiaE pellegiBr Shino 980 el dpidhe Yn ftioramsine @s described

belhvi ! %Jso%e?ééhbrgﬁ&ﬂ ‘Fordﬂh%%o?{/aﬁff géaq%%obfféﬂg%u\ﬁdr\%‘f\?é ¥ESmbly

on spacer 384 and abut piston ose
364ddb sepdraiadron e Galibration ﬁ)rloempregswn mah/e&msembly 362.

P ecdPOERl onPufBEd: reluRloE Butio Ukt averkognpggper 344 is
prégdurpedl dushiy flol BResLR mswla@an@r%h@parées 3’8%4 WHén the

i s di sposed between retainer 388 and nut 368 which is
fluich peefdiurg) rgactivgergainsioyalup sisas 386 ovemiamas theebepdingdoad for

va gggéém}gwe lsc¥ ﬁscsﬁgé&yg ﬁéqtsﬁ?esw'rgﬁéu NP b4€sages
372 allowing fluid flow from upper working chamber 344 io lower working
chamber 346. The strength of valve discs 386 and the size of rebound passages
will determine the damping characteristics for shock absorber 320 in rebound.
When the fluid pressure within upper working chamber 344 reaches a
predetermined level, the fluid pressure will overcome the biasing load of
Belleville spring 390 causing axial movement of retainer 388 and the plurality of
valve discs 386. The axial movement of retainer 388 and valve discs 386 fully
opens rebound passages 372 thus allowing the passage of a significant amount
of damping fluid creating a blowing off of the fluid pressure which is required to
prevent damage to shock absorber 320 and/or vehicle 10.
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body 360. When fluid pressure is applied to discs 386,
they will elastically deflect at the outer peripheral

wedge/eosepen rebound val ve assenbly 364. A shparAB3006931050
| ocat ed between nut 368 and Belleville spring 390 to
control the preload for Belleville spring 390 and thus
the bl ow of f pressure as descri bed bel ow. Thus, the

cal gggé?/] OaneT)émhgen&hqw Pfduré§84t1w el 1ﬁBbg}|’§t6nV@6d§ﬁ 360 is

ass IS separate fromthe calibrati
|Iluab|rabedasﬁgmev‘a1A/dlua§ambﬂh§e tepf gistondjodpdbhyhere the outlet of

bound Kk Ki nber, 3
cogiesuPrIseans PAY e et preead Plothd LIS EeF dd btom of
pigtehVisod) 866 WiRére WeeButidteof tabotinar sés‘serg%srmtar@gjetaned As
I||N§al nst” val ve di scs 386 overcones the bending |oad fo

rajed in Siguresel 1A/ andel 1, dbgresgre BrrastGaaprepsioat wa,s(,sages 370

PS40 f<BRAHAT pRRssanes T2 oL OMerbhUl ElGN T HRR) oach

upper or K I'ng C o l'ower wor
capdiressibe pHssag@370ds awitigrent sizesaniBéaadncompressiorepadsage 370

e AUNISRING 199 G2OSMAINS HiRsoTasPrasghs hadesealng land 420 to
|n§&§i&ragg%hc§§é%gclﬁr BEsivh dﬂ‘e} g?p‘?f%""‘?ﬁﬂ' CRARREE area on

es a predeterm ne pressure
vahid | disoeB80nelefined bbpssaglingpddnds B20| wariés einspelatign to the

N T TR -

pds%bgégq?ﬁe?ac@@agmlswa%saaﬁc %%@ fmhb)fllﬁcﬂlfb'ﬂéssﬂﬁ@% MHe largest
passages 372 thus allow ng assa

Cf@S@ﬁBCﬁlmtSlZﬂﬁapﬁSSﬁge aZﬂpMHgalerf tdag/eedusc raPCafitst ofpillayed by

ot e SRR sHANTeBgbS 61y BOHE nates

crBe$-eeciiornl noived opasigee 3701A Fiid BrbBidesi $drom BAtOtBGRansition
is illustrated. Figure 11A illustrates the top of

b%W@?Bﬁthﬂ%%Boﬁm@F angriBeJuly epened posfioasei qgmpressuon valve
7

AR R s o IRsfEA LEfiaRg (el S b phiidFar2 s o

diffetami reizep aswihgash 3éBoand phssage BV2 Assi itd Lamtnr aealing fand 422.

VERGLE53s 480 St a5l AL B TRl coso cach

réHohHé%é’és%@e' 8751 OrHus, kA s RRER él@épbﬁs«ﬁell\%‘ oS 886 Yefined by

is a different size and each conpr essi on passage
swmgh@@dm 422 warigedni iedpticantd 49 cirgumieremtigk Ig@@gion. During a

DA A Rrosee Ui §ashand e Alq Bodind Sgve disos

3% ﬂiﬁxginptreos’ét&ﬁ% defthaagrgeyt saRisi-subtiohAN sizédOpastiaiges372 will
deflect valve discs 386 first, followed by the second largest cross-sectional sized
passage 372 followed by the smallest cross-sectional sized passage 372. This
provides for a smooth transition between the closed position and the fully open

position of rebound valve assembly 364.
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circunferential |ocation. During a conpression stroke,

fluid pressure within passages 370 reacts agai nst
woabw@2dissc 380. The fluid pressure in the | argess2006/031050

cross-sectional sized passage 370 will deflect valve

disc 380 first, followed by the second | argest

cross-sectional sized passage 370 foll owed by the

smal | est cross-sectional giaagspassage 370. This

provides for a snooth transition between the closed

posWhars gledmedds:f ul | y opened position of conpression

val ve assenbly 362. As illustrated in Figure 11B, each

rebound passage 372 is a different size and each

rebaund pastsageal3oodrasomprisiogpn seal i ng | and 422.

Val ve di scs 386 engage each sealing land 420 to

i ndi vi du8IRTgSeYredEb@ach rebound passage 372. Thus, the

surface ar i [ ?ﬁ@ll ;

| ands 42%‘ggyggg%?h*ﬁéggiﬁgéésgﬂ?héﬂﬁgH@%S eréﬁ??aﬁamivawe
asseohlyi compilizingng a rebound stroke, fluid pressure

W t hi n passage 72 reacts against.val ve discs, 386.
The 11l & B estereapfiioe arkgbes! rebpesastisranding through
safl vk @@Q%age 372 will deflect valve discs 386 first,
followed by the second | argest cross-sectional sized
passage a87stpluralijedl $galingdasdsdisposed possfitst sidecsfaid valve
bo?{zzed passage 372. This provides for a snooth
‘ansition between the closed position and the fully

open posikt fish velve dts@uaudga%hg%mwmbm@ﬁ%%dvﬁg lands to
VWhat is clainmed is: 1. A shock absorber conprising: a
closecaidenst anguef:said {jist passagasiMnereinsposed within said
ressuretyhe. . sal : -1 St Ag: .
gody def ianl ng Cae %Jle%r%'ﬂs%(@ @?is%’l?é%ﬁ'%gggg@e;dsﬂgﬁa g"nﬁ%‘lﬁé’ﬁ‘r&"ty

of sbalmgplandaivdrigalirv eelbtiatyto a circuraferphiigilddedtionof seal i ng
| ands di sposed on a first side of said valve body; a
first valve disc engaging said first plurality of

seabi ng HaRdshdck %Q@r%e?‘%c'c@%ﬁﬁ%%%lﬁfmsﬁi \ﬁhéfferiﬁtﬁach of said

passages; wherein a surface area on sald first valve
pluralily ol dirstrpagsbges i enditclent by Awingle isgaling land, at least two of said
first plurality of sealing lands defining a different surface area on said first valve

disc.

3. The shock absorber according to Claim 2, wherein each of said
first plurality of sealing lands define a different surface area of said first valve
disc.

4, The shock absorber according to Claim 1, wherein at least two of

said plurality of first passages have a different cross-sectional area.

5. The shock absorber according to Claim 4, wherein each of said
plurality of first passages is encircled by a single sealing land, at least two of said
first plurality of sealing lands defining a different surface area on said first valve
disc.
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of sealing lands varies in relation to a

circunferential |ocation. 2. The shock absorber
weacerrodi’ag to Claim 1, wherein each of said pl BCaUSRN6/031050

of first passages is encircled by a single sealing

| and, at |east two of said first plurality of sealing

| ands defining a different surface area on said first

val ve disc. 3. The shock absorber according to C aim

2, wherein each of said first plurality of sealing )

| ands deflihgeshoelk Bbeeder aggording tarClairnfs,swharein reach of said

bl B sefind Bndy Bafd SRt HAHCE, BB B pol st vawve

dig;gssages have a different cross-sectional area. 5. The
shock absorber according to Caim4, wherein each of
said plurality of first passages is encircled by a

single s j I : igd £ : ;
o ook ol St Bsoer A25iyhite sk l bRl cach of sad
pluralifyaafdirsir pees sages diage fa differend cvassebexntiofial diea. shock

absor ber according to Caimb5, wherein each of said
first plurality of sealing |lands define a different

sur f@ace wsﬁéc@@bgomgr%ccwdmghtsi@&im77, W%%e‘mcé‘e{&h of said

absorber according to Claim1, Wherein each of sald _
plywrality0fifirst peasseges s pacisdedby lkaiegle seiafing fantd, at least two of said

oo RRRE B S e B2 b 8 BRGEL ATARE 3 S RRE] Pt vave
digmssages ié encircled by a single sealing |and, at

| east two of said first plurality of sealing | ands
defining a different surface area on said first valve

di s 9. e rydi RE;: k.0 .m.83, ;
V\he(rééi n eac Sﬁﬁaggbggﬁ%?g{&gﬁﬁgltgt?%@ %,Sg/ﬁb%ﬁl%anc@sof said
firstepiuradity oflisebéing nandsidbfine adifierait safatd arext of shidefirst valve
.disc. 10. The shock absorber according to Claima1,
digherein said first plurality of sealing |ands conprise
an inner sealing land and an outer sealing |and, said
plurality of first passages bei ng di sposed between
sai dlQ.nnelrhearahoslt ebsarbar i aggordingsto Claim 1, wherein said first

plurality of sealing lands comprise an inner sealing land and an outer sealing
land, said plurality of first passages being disposed between said inner and outer
sealing lands.

11.  The shock absorber according to Claim 10, wherein a center of
said inner sealing land is shifted from a center of said outer sealing land.

12.  The shock absorber according to Claim 1, further comprising:
a plurality of second passages extending through said valve body;

a second plurality of sealing lands disposed on a second side of
said valve body;

a second valve disc engaging said second plurality of sealing lands
to close at least one of said second passages.
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11. The shock absorber according to Caim 10, wherein

a center of said inner sealing land is shifted froma
woeni7ar1B38 said outer sealing land. 12. The sheck/US2006/031050

absorber according to Claim1, further conprising: a

plurality of second passages extending through said

val ve body; a second plurality of sealing | ands

di spased ToR ﬁn&‘k%ﬁ@r@é%c@?dlﬁglté O{é'lh'\/¢2 bﬂﬂérelﬁ am area
val ve di sc engacgé ng said second plurality of sealing
c

on| sgid seeend vake efinad by saigisecgng rzl@r@bh/dof sealing land varies
in Vﬂaﬁ&gﬁsa%ﬁcu%@eﬁﬁ&gﬁ) E) Sr ber according to daim 12,

érein a surface ar aid second val ve di sc
defined by said second plurality of sealing I and

varies i relation to a C|rcum‘erent|al osition.

The 1dnoc ey 8lseRbsRbEF AR ing t9 Liaim 33, M@F@Prﬁa&é‘cﬂf said
pI&EIlgadf%e%br\BﬁJgds%a |§§ﬁ<ﬁfb‘ped)8¥°* %aﬁﬁﬁle a@ﬂg'léﬁcﬁm‘;ﬁq 18¥st3wo of

single sea east
sajgl secdnd plurhlity el sieragmlgdadds diefinmigng diffetieht sudate area on said
rface area on said second valve disc. 15. The shock
SQSBQQWB@P %Eording to Caim14, wherein each of said
second plurality of sealing | ands define a different
surface area of said second valve disc. 16. The shock
absdber T&@c@h@nlﬁgbwber aceordg ih&ilailm 14t whesgin eaah of said

oo Bl Pl M BRRTER, o R poonc

vahve dikai m 16, wherein each of said plurality of second
passages is encircled by a single sealing | and, at
| east two of said second plurality of sealing | ands

def 148119 Thellfd Y oL AACRIRETB Qs e RO Bk wo of

di sc. 18. sor be ordin

saihpluedlity ebsbcafd pms:hgsedrmé mdiﬁeaénttcyosn‘-seciwriahgrdaands
define a different surface area of said second val ve
disc. 19. The shock absorber according to Caiml,

whergi n eﬁfé“sﬁ’écl@ﬁbgoerH%bbﬁoﬁngﬁto %‘?&lﬁf‘%%ﬁ%@%ﬁseé@%f said
a different cross-sectional area. ]

plenadityr fegecondqassages is enciraled by ansinglei sealiagHand, atdedst two of

said second plurality of sealing lands defining a different surface area on said

second valve disc.

18. The shock absorber according to Claim 17, wherein each of said
second plurality of sealing lands define a different surface area of said second
valve disc.

19.  The shock absorber according to Claim 1, wherein each of said
plurality of second passages have a different cross-sectional area.

20. The shock absorber according to Claim 19, wherein each of said
plurality of second passages is encircled by a single sealing land, at least two of
said second plurality of sealing lands defining a different surface area on said
second valve disc.
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plurality of second passages is encircled by a single
sealing land, at |east two of said second plurality of
weeal7ingisBands defining a different surface arearms2006/031050
said second valve disc.2 1. The shock absorber
according to Caim 20, wherein each of said second
plurality of sealing |ands define a different surface
area of said second valve disc. 22. The shock absorber
according to Claim13, wherein said second plurality

of $dal i riie sherk gbsrrbPEaceerdinghiy Caim PAgwhereinceathaer said
ST 5 0 B0 S St 3 sRAESPEEP socon

vahendisc. 23. The shock absorber according to Caim 22,
wherein a center of said inner sealing land is shifted
froma center of said outer sealing |and. 24. The

shogl ab ebgﬁocﬂFéBécS’tib%g oag?/oﬂiﬁé % blal‘M‘eI@eiV\Fhe;rginSsaid second

val ve body 1s a piston for’a piston asse
plyhliyi ofybgalitigs [prsisdcamplisen amaindepiseakng dandibad &5 ouldresealing

i B SF R SRS ekt na B P B PG aR0 SallicBRp Ay outer
se&ﬁﬁgl[eﬁﬁjst 0 said pressure tube.

23. The shock absorber according to Claim 22, wherein a center of
said inner sealing land is shifted from a center of said outer sealing land.

24.  The shock absorber according to Claim 1, wherein said valve body

is a piston body for a piston assembly slidingly disposed within said pressure
tube.

25.  The shock absorber according to Claim 1, wherein said valve body

is incorporated into a base valve assembly secured to said pressure tube.
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