WO 02/ 096683 PCT/ US02/ 16510 TRAI LI NG ARM SUSPENSI ON AND HEI GHT CONTROL
SYSTEM WTH MOTORI ZED VALVE THEREFOR RELATED APPLI CATI ON [ 0001] This
appl i catiwo wloaéess priority on U S. Provisional Patent Appcrasn2/ossio 5

60/ 293,616, filed May 25, 2001. BACKGROUND OF THE I NVENTION Field of the
| nvention [HRRY ING ORI SEBPENSIOREAND ARIGRIT CORTROL SySTEMWITE ar m

suspenS| on TOIr a venrcre: I anotner aspect, LUIlc Mmventrom rerates to a
hei ght control system for MGfITOR)IZEDcYAhUE '][HEREEDRel ght of the suspension
relative to the vehicle. In ye another as ect, the invention relates to a

notor driven hei ght control AFIO8n of the Related Art [0003]
Trailing qomEUBRE Bﬁpl%ﬁoﬂ‘tﬁaﬂm’ﬁ%}ﬁ? 'oﬁqk SYPﬂo'vﬁi‘&ﬁ paichiagipiRh@s hei ght
control valves are well known. Fig: | ustrates such™a trailing arm

suspensi onb0rZP3, @161511®0M6}’aa,t20@ﬂ1 W t h a hel ght control valve 12. The
trailing arm suspension 10 rises op ing trailing armassenblies 11
nmount ed on opp05| te sides oFggﬁgR"%Ri"%|ﬁtoEsf&V§M¥%| y to the vehicle frane

rails 16. he trailing armassenblies includes a trailing arm 14
havi ng on f ton: onnected to a hanger bracket 18 by a pivotal
con nect i ony0gd2] Thehepe thdmndcifin 1’e§1té§ Ys Renflel LM idAgioN 88 Slidieame 20
rail e other end of the trailing arm 14 nounts to an air spring 22,

whi ch | S Iafappibetiagpect; He ifiveatien rcaatles ot héliple cantrolsqcysuemgfoﬁeordwﬂm@met he
pi vot rottlo of. .t he tralln

th ket 18
rel ati Ve t<5 S easht ok the SP&?%HS%WJ? ‘Nﬁe‘&@ 2 9’g§§ ‘fy%(fgcgl ly spans

and nount siniéhtioRrelates ¢k flotst dl%(/enhéi%ht ddndol | bﬁﬂan@rm 14. The axle assenbly
28 rotatably nmounts ground-engaging wheels 25 (not shown). Any novenent of

the wheel spiderintoRURERe ROLaldIEAFt CONtact with the ground will result in a
rotation o‘r“rﬁfg;m, which is resisted by the air springs 22.
[ 0005] Thel0893] ﬁqarlmggasmmmcyppnawm Im@hmmdly larkediand betgat@d heightt @npiost on 26.
The piston.26 is % Lt]f gfﬁ% %&egrm and t he a'ﬁ](s bag 24
connect s t‘f%veﬁl%et‘gﬁ BOW%O ¥he HEHSS SEPRS S HPS A0 FIRFS YA e i nt roduced

or exhgust®ehtifatR] wish a héighidaReNvAIeE PEI TR HBNEE 2 stsPénsddd 1GPr I NQ.
Additionally, the volune of air in the air spring can be adjusted to alter

t he hei ghtCoBIPIiSRRONROSHAS tragingsarmelssetnbliestld memnted en ppnogitasides ofthe en, there
is a pref e&e@lfc?%%gefér%{)ﬁf ok Verhlcqg frgﬁlegjaﬁs {é) rE&cB%f ttﬂe%e!ﬂ%g g%gassgﬁgﬁ&dl ng on

the | oad carri
includes a trailing arm 14 having one end pivotally connected to a hanger bracket 18

by a pivotal connection 20. The hanger bracket is suspended from the vehicle frame
20  rail 16. The other end of the trailing arm 14 mounts to an air spring 22, which is
affixed to the frame rail 16. The air spring 22 dampens the pivotal rotation of the
trailing arm 14 about the hanger bracket 18 relative to the frame rail 16.
[0004] An axle assembly 28 typically spans and mounts to, or is carried by, the
trailing arms 14. The axle asserribly 28 rotatably mounts ground-engaging wheels
25 (not shown). Any movement of the wheels in response to their contact with the
ground will result in a rotation of the trailing arms 14, which is resisted by the air
springs 22.
[0005] The air springs 22 typically comprise an air bag 24 and a piston 26. The
piston 26 is mounted to the trailing arm 14 and the air bag 24 connects the piston to
30  the frame. Pressurized fluid can be introduced or exhausted to adjust the dampening
performance of the air spring. Additionaily, the volume of air in the air spring can be
adjusted to alter the height of the frame rails relative to the trailing arms. Often, there

is a preferred or reference ride height for the trailer and, depending on the load carried



WO 02/ 096683 PCT/ US02/ 16510 by the trailer or the operating environnent,
the actual or current ride height can vary over tinme. Pressurized air is
i nt r oducewotoe/opss8exhausted fromthe air bags to adjust thecCTrEshziésve hei ght
of the trailer frame rail wth respect to the trailing arns to maintain the

ride hei ghk%ﬁ[eotg%% Bﬁﬁg@%&jﬁﬁn?@ﬁ\ﬂ% eBf, ik a%lcj% Bﬁbﬂﬂnt tigadde3he ERWaRPNMEN Al

condi ti on. ust ment of the ri el ght is acconplished by
t he hei ght oeanimel Presshnieed 4iBis intnodiiveth asomaxhhwstest froroithe aimhagsito adjustithg port,

and an exhayst port. e.inle ort. is. fluidly connected to a source of
pressur i _zeBetf%H‘ieqFEﬁtht Pa‘ge@é‘ﬂfrcé%‘ge W]ewﬁb fesg‘fﬁ?%éeﬁ@,l ng msgp HEHPR Ennect ed
to the air;jnagsigktht e fefifetl heSht fRADadar iR PERMSImARALcohitohui dl Y.
connected to the atnosphere. The hei ght control valve controls the fluid

connect $ on[0096bThe hdjustmenteirtheigidp beighins tabcomimdished ey thodweighd pehttoheralyg haust

port to introduce or exhaus ai.r fromthe air ri.ng.tg.thereby adjust the
vehicl e heﬁ%’h‘?’.m? BWﬂlni%ﬂBor&reﬁng%‘i SRURSPOK: 2 a%%%?lgst@@& ?;S‘FF?EP%%HP ed to the
vehicl e fr agrily€orbetedBSa suréedAiralifzddeiiefor MeMeB1d. MBke Aif gﬁﬂ%ﬁﬁ)ﬂ' iy
connected to the trailing arm 14 through an adjustable rod 34, whereby any

movenent ofluidhecenngeted trythaeinbegs 24 efithe gir springsimde thercabpishapigs tridenent  of

the | ever | v . i I rt..to either
of Cthe 1 ni S0TskiB0 TOE abilGspbpleY ARG RO v hvE cBidbqts MRIDGBRELSE P LMH
three posi bf Meir spring pok &tikh the Filéti pom;, and theethianalpopas iiticdince anekbatistexhaust

position. In the inflate position, the lever arm32 is rotated up and the
ai r spri ngarom the aprspHBS tiherely pABSY the gehiplsheighi-n t he neutral position, 20

t he | ever LS i L SIRIE i, not
connect o [OTEn: BBIShTe] VRO GARLA) mBilled onSLEnipBi Ak OB s, 1L,
t he | ever aromiablerletenten 30ohu is epedatilh eomierted pv ithedgraplong aris 14 hinnebtaed t o t he

exhaust port.. 009] . The various hei ght ntrol valves currently avail able
can be opeF‘iJP%%&Sﬁoi%’i r‘%é'éﬁné(ﬁn%‘fen%%oftg‘gHBﬁ@giaﬁ@‘_tlgﬁst tS_t"E)achanges in

hei ght 45 Theo¥@h¥RiiRs MGEMESR JFPke DESRMAS YRk \RSvAVOtRAldnyebtifd Meles mul tiple
spring biased pistons or simlar elenents that seal the various ports in

response t epritigeparietoithezeotiihe mhas portalr ekhavst.rai | ing arm Exanples of this

type of hej ont £.0l l.ve are disclos in U.S Pat ... 5, 161, 579,
U0hea Mol AR gl B Bhfiabialf PRThkel Pootihso B oitle MRsighy A02. °7
1996; and kkifral pbéti@nandNan ebhasdtpdifdn. i16 siecidllide positie, (R levéSadh 3818 [ 0010]

These valves tend to use a seal in the formof an Orl nﬁeor the |Like that
surround t Fiatgd HE A theRinpving goriis egmeetsd xthe nlpapst: odhe petRl Psitiany t he

| . =N ) . ot
val ve z@ouﬁieﬂgYerE %g is ?%f@?%fg%or&gﬁtjaﬁarﬁﬁrtﬁ? 3??#},‘?@ p&Zer%@E:mﬁn%cﬁeH?o prston

reci pr ocat es, eadl n 1T eventua
either the inlet or exhaust ports. In the exhaust position, the lever arm is rotated down

and the air spring port is connected to the exhaust port.
[0009] The various height control valves currently available can be operated on a time
delay or can respond instantly to changes in height. The valve structure for these

25  valves typically includes multiple spring biased pistons or similar elements that seal
the various ports in response to the relative movement of the trailing arm. Examples
of this type of height control valve are disclosed in U.S. Patent No. 5,161,579, issued
November 10, 1992; U.S. Patent No. 5,560,591, issued October 1, 1996; and U.S.
Patent No. 5,375,819, issued December 27, 1994.

30  [0010] These valves tend to use a seal in the form of an O-ring or the like that
surround the dynamic or moving piston to seal the piston relative to the valve
housing. These "dynamic" seals are subject to wear as the piston reciprocates, leading

to their eventual failure.



WO 02/ 096683 PCT/ US02/ 16510 [0011] O her suitable valves include val ves

W t hout any dynam c seals. A group of these valves are referred to as
shear valwesan@szonpri se abutting plats, one of which i fCrusablesioel ative
to the other. The plates are retained together by the pressurized air from

the vehi cl@opir of¥s LRI RSRL il denBINRE 8T arf Yy ndHiAEaE. $88logp oBUCh a
val ve is di scl osed i n PCTIUSOO 23278, which 1's ‘i ncorporated by reference.

[ 0012] Thehesstalsrnomrfgradseds shear ealvesraidgmprion ahwiling/plbtsesne ofeggfsckll ess of

D eSS OHESe kR e RO e D BB
coupl i ng a ‘a :

mechani cal fr&aud Vdhclb §ir@5/§té%ﬁ}1he\gati@%@1@$1@§li F s @yeaiicseNsesichaf valveist rai | i ng
arm suspensi on, which can be verz arsh. to Additionally, nost of the

n'ech?niSF:aIdiwlwéri@i’@a‘fﬂfﬁm/%w&w Eﬁé%@p@m@edwl‘ﬁfﬂe;@i ng" if not :Jised
| I ! (
regularl v gh OBl LB/ ERRONREA eSO ORI ATGRE kB EGNAD] cal Y

act uat ed contro ves, electronically controlled

and act uategvé@ih@hire, O bubjdct &y&InRiFe bebare obarmetdustaRedplinkittween
el ectrical -based systens forma snmall_ segnent of the 15 height control

val ve nar K¢ traifipgsamend dhg kpght spafoleshier diheapecdpricd peupling is 4irpsiiuse

vari ous sefiSal {,nd B Bineh 1 HENLSHE oS0 O8O ANSL Wopnalpct i cal | y

act uat ed ves, S as sol enoi ves, to contro e I ntroducti on and
exhaustoi onAdditiandllyf, rrost oftthemathansiaily wgsratedl vaivea dcasus@ptblefto {'fieczing” if

el ectronically contralled systens is that they are very nuch nore costly
that the ntHssH ©8Madystens in conponent cost, 20 maintenance cost, and

operation @@%i] TnHRVSNES 1o thD8¥aPaRtaBENG the hfékhirfﬂcéll?aaktutaféﬁﬁnﬁ%G&lrolfe@ be nore
responsi ve to changes in the vehicle height. [0014] Thus, there is still a

need i n t heiglelcontrel abieghtleatonicaldy coymtilethand attasted heighi gpintrol systetsol syst em

with the |l ow cost .of th adi ti.onal chani cal systens in c i nation

W ih (he JOPERRbACEIdRY, fe BeurennEr SRR R R a7 WEnTI on
[0015]15A rhcigntReh@Ntvab@thiRbt. ShSELMedtniGUTREASOINA syktatns SHRRMKtse an axl e
which carries ground-engagi ng wheels relative to vehicle. The ride height

control sy@riens feusprsap monitonde velirleiheight pasifier enbweelacigalliariguedr el at i ve
to the gr Otﬁfxgqs 48 43 Y Qﬁgl 'v%es??% MR 'tt?e%gﬁd&gi'ogghg eRkEStiod 3k gghses the

current vehircle ride he t and generates u signal repréesentative
of the curtheair sprifigs. e idghdvantge bfifHealaioaically chsplied sysoqaes shhat tiupl ed
between the axle and the vehicle wherehy the introduction and exhaustion
of air int¥IRY PROWMOFECOSIY BLGe MAChaEASYSIFRS HbeireRIgRt c¥Bbspect i vel y, the

;ieggt Léé)ieg%P%h%ﬂ%ﬁce%%ﬁ@oﬁ&%i%o@t. Ay ENE, MEPhEIRndRiAGh HRt tefeensehi cl e

to be more responsive to changes in the vehicle height.
[0014] Thus, there is still a need in the vehicle height control system to have a height
control system with the low cost of the traditional mechanical systems in combination
with the performance of the electronic systems.

25

SUMMARY OF THE INVENTION

[0015] A ride height control system for suspension that supports an axle which carries
ground-engaging wheels relative to vehicle. The ride height control system maintains
the vehicle at a reference ride height relative to the ground. The suspension

30  comprises a height sensor that senses the current vehicle ride height and generates an
output signal representative of the current ride height. An inflatable air bag is
operably coupled between the axle and the vehicle whereby the introduction and
exhaustion of air into and from the air bag increases and decreases, respectively, the

relative distance between the axle and the vehicle to adjust the vehicle ride height. A



3 WD 02/096683 PCT/ US02/ 16510 source of pressurized air is provided for
use in inflating the air bag. The valve selectively fluidly couples the
ai r bag twotlhessur ce of pressurized air or atnosphere toPCrHES0B510
introduce or exhaust air fromthe air bag, respectively. [0016] The ride
hei ght congg,ale of $ids6iltdcd af @ DRRA R 28k BY irfla¥iak ViR ACHMAI DI ¢AMPl €d to 5
the hei ght sensor and to the valve wherein the valve actuator receives as

i nput t he sefestipdly fluglly ooumes thatirdiaghathe aputcs ef presiwieky aigor amasgheartity val ve
bet ween a peutr al osition, where the.air bag i.s not fluidly connected to
ei t her thethgxﬁ ¥ oo Cep?reeé@ﬁ?ﬁt?gggo%me aérrabaﬁt Wﬁgiﬂﬁlg?lé’; a fill position, where
the air bamois) ThHidH deigRRBA/GIEY st it BRarsdelizRd bydf valestuttbZRdpRlitot 0
introduce air into the air bag, and an exhaust position, where the 10 air
bag i s ¥ uibahgighiownsurtaad te Beatahrssphrseia theovadyhanigatonlicecivesan inpid the r bag. By
fluidly c [ h 1L b ' r. of r rized air or
at nospher e}?éf@hg&%gf 9/@13 gtasé%%ag %&r geé%%%?@sacﬁlﬁteets El?edzﬁﬂéﬁegm% é%%ﬁ%?%? systemto
adj ust t hepasafongvhereitbieaihBa@iitnot fialddf cordedted tdetheefiereare ofipessudgeg@ht .

[0017] The val ve actuator preferably conprises a controller that is

pr ogr ammedaipWt #mogphege, @ gtk pesitiqug ihele trphair behisilidlycopaesed iRdh¥Ei8t sensor
out put sig o2 i i ith t : I 1 u val ve

t o adj ust éegrs F‘réée?i% %ﬁ%’ﬂ?&%‘cﬁo rélr?toégﬁmggég’ S{r? J(i)\E#I] g’gﬁdaQJ \?\f ﬁ?ﬁtﬁﬁé@bgﬁe&%ﬁam uat or
and i simpedgiabigyis Cloifl} echrieotetihe atoosphat keexhang aircfosmebd &idbag BhBunsl ve,
whereby the controller actuates the notar to selectivel act yate the

val ve. 20 1018 (e sl FIRTER ARt eIo BTt Led ATt B PgEkr AR s
enmeshed Widihéh hhBIBS iR Tide Rt BOMVI §6htdiR 1d AfuMahe/ PelROB WaBBBLnSUCh that the
actuation of the notor rotates the output géar to rotate the transfer gear
and t her ebselatiye & thhecierhoeridebeigbth the fill and exhaust positions. The

notor is p rably.reversible.a the controll rates the . .nptor in a
Tret i rcloBrEh PR AT DR hetfo et PPreslss T H RSBt Wibecond 25
di rectipn 4 eonilYReidIeThedonifolleitides e heishedeatoRhtisQial intconfbifdtigher red t hat
t he out put _ﬁ;ear be a worm gear. [0019] The sensor output signal is

pr ef er abl ywHh {hsicoalel loeigria pCiupgithe wlye @adigst thejridedeights Armoler ean bgegat i ve
sign and t -0l P i det erm ne
the i r ect P oriiey BshETalbE B hpEaR! @BpRhok iBupBL IBR BLORR- bR SO BT MPhe
30 cont r ol temneqedfoahabhlye maheréta the coiteollee hitahtes thedrotheiogieiecttely he ref er ence
ride height. The controller uses the voltage signal sign as indicating
whet her t h&MWAEhihEValvEs above or bel ow the reference ride hei ght. [0020] ‘

-CI)_P e vahye poeseridinyiof BrREhE8SInANddsth&utRPblariRdt iS ONNEHEH RGthlaQradnbRr SOUT Ce

gear mounted to the valve annulment such that the actuation of the motor rotates the
output gear to rotate the transfer gear and thereby move the valve between the fill and
exhaust positions. The motor is preferably reversible and the controller operates the
motor in a first direction to move the valve into the fill position and in a second
25  direction to move the valve into the exhaust position. It is preferred that the output
gear be a worm gear.
[0019] The sensor output signal is preferably a voltage signal that carries with it a
positive or negative sign and the controller uses the sign of the voltage signal to
determine the direction of operation of the motor. The control logic is such that the
30  controller preferably maintains the vehicle ride height at the reference ride height.
The controller uses the voltage signal sign as indicating whether the vehicle is above
or below the reference ride height.
[0020] The valve preferably comprises an inlet port for connecting to the source of

pressurized air, an air bag port for fluidly connecting to the air bag, an exhaust port



pressurized air, an air bag port for fluidly connecting to the air bag, an
exhaust port 4 WD 02/096683 PCT/ US02/ 16510 for fluidly connecting to

at nospherwo 0af006683 r ot at abl e val ve el enment havi ng a contr olPCTa®8Y&gfe0 t hat

sel ectively fluidly connects the air bag port to the inlet port or the
exhaust poy nt 0 include
Vel ve "Rt CHREY el At sBonSren g F e ERE e Ul R ile: port

air bag pq)"a‘l'ssagamhhtEele&h&QSﬂu1§QIYdonﬁéct§ thei 2 yagqoine eliecidlet pOAdLtheThe val ve
element can fluidly separate the inlet port and the exhaust port. In such

a confi gurshpBy Portiwop Fetatiqn ofzbevalve clemeat-i Ry Yahve 4s8 @bsoric! flﬁi‘b%n"% Ne inl et
port will [tbog@?t %ei’iﬂ%s 6 1ﬁ4eﬁHP£Han&H%EPo§/§f%h' ?&5&@{ %%ggdrpﬁhdt he val ve

housi ng. enent 1S prefera 1;1 aro di'sc and can
resi de son exhhust@drtdir slmidlylComwpetnded to the housing. The rotatable and fixed

di scs are er abl de from_ ceram c or other si terial . [0023]
The hei ght[Bég:h © YAV Hlementsn 9%9%1 PERTERiE Hhern h&wta@%epr Rshsbr
vari abl e- s%@H%QbBﬁﬁ\ﬁQﬁ&ﬁ%cﬁr&s%mzéH auV@r{tQ%g {h%%bﬁstlﬁé froﬁxqggﬂllet éﬁrta\@f?lt her

aspect, the inventfon rélates to an adj ustabl e height suspensi for a 15
vehi cl e. Thies himgpbrsicmrent onpsdating abutmeent egaitrsthecaheiwgsiggound- engagi ng

wheel i ted to b t he .vehi cl.e: . A hei ght

Soncor i o 1062 H R ek s BEATRYT dub e Sahmid e TR e s ©

gener afes @Buftbd Rilthe OB, THARELSROhA FiX& &lfs,cstzﬁ*@% BrARPimdde d@niei ght . An
e

inflatable air bag is operably coupled between t axl e on the vehicle
wher eby t heeramicros ether sionlaandtesialsaust i on of air to and 20 fromthe air bag

e eaccs, ISR RISt PRAFSH S L b S RFugl AP e

pressuri zeghpaditancé Sapasiest, aslo\rerbanfrésagt@mg the air bag. A valve is provided for
sel ecti Vel}{é fI uidly coupli n%‘(g the air bag to the source of pressurized air
or at nosph@P&k ks avRBicepipestng é@%@owelafé&%%%dwabkf hedahttSH@eaﬁlpn%rga

respects Ve¢e¥11c1@5rfn=9%§ Uﬁg; ﬁ-an‘ﬁéizﬁxb%] 3 'tgzﬂheé ngﬁ%ﬁ% @V?V?sr acteri zed

by a val ve actuator c t sens e, wherein
t he val ve \ahnchareoadaptedeo bemoasbly mpaxintetdhte thdredhidie. Aén'ght sansbptprevidgetal and

selectivel actuatgs t he xgﬁ 15 é g neut r al ﬁOSlth&_ mhere the air
bag is not ﬁtosr‘?ﬂ%eétt CHEFEYTHE? IR SIS S B S8 SUMYL #4804, r

at nospher efcgﬁ:séﬂtittiveﬂﬂ%é RRnt MEE Beibte Al Infla®ld Sr $dgul Gbé&aﬁl@%ﬁﬁl&@d to the
source of 30 pressurized air to introduce air into the air bag, and an

exhaust pmeWi:the weleontthevediigle whargby $he ingriodvngtionand é&h@@tl@moﬁaﬂlm@s@ﬁer eto
exhau Sty al ftrro tféeem%]gg%ﬁl'{:{eas (‘fi1 ggcr%%s%r,erg%eﬁf \gélg%e repa%vcre 'dgs?angg Ibgtv&eeltl) ased on

the cufren
the axle and the vehicle to adJust the vehicle ride height. A source of pressurized air

is used for inflating the air bag. A valve is provided for selectively fluidly coupling
the air bag to the source of pressurized air or atmosphere to thereby introduce or
exhaust air from the air bag, respectively. |

25  [0025] The adjustable height suspension is characterized by a valve actuator coupled
to the height sensor and the valve, wherein the valve actuator receives as input the
height sensor output signal and selectively actuates the valve between a neutral
position, where the air bag is not connected to either the source of pressurized air or
atmosphere, a fill position, were the air bag is fluidly connected to the source of

30  pressurized air to introduce air into the air bag, and an exhaust position, were the air
bag is fluidly connected to atmosphere to exhaust air from the air bag and thereby

adjust the ride height based on the current ride height sense by the height sensor.



5 WD 02/ 096683 PCT/ US02/ 16510 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0026] In
the draw ngs: [0027] FIG 1 is an elevational side view of a prior art
trailing womeesgensi on incorporating a known nechani cal IPgTawma2/tehé ed and
actuated height control valve; 5 [0028] FIG 2 is an elevational side view

of a trailing arm suspensgafeMbidr@rRONYHTHEODRARINGY St em according to the
i nvention conprising a height sensor coupled to a notorized hei ght control

val ve by al08%tInghe érawifigy029] FIG 3 is a partially cut away end view taken

along 3-3 I 1l ustrati t he nechani cal ..connection between the
et ont  son00pTiITe. ik b ol Soe VeR TR RIRE At Y SR BESHh SRR 45T &
sectional Mi@ypo@fing h&ns@AMchhmicAily@Dntrdileishdacaneed hdiggicbakslnglve; | i ght
emtter for the sensor in a reference position relative to an optical

bri dge Sof HROPRIGHG. 248 ar elevaiionehsily viepor 2 tTailmgarnssyspensianvite abeight F1 G 4

except th i P [l ' ] . ' ion relative
to the opﬁoggple i éegggé‘%"gﬁaé‘t‘% &OQEFH‘%P@W%&P%&%#; %&%ggtg%héo\ég?‘? gd(i:tal%/e vi ew of
a not or i zeglofogizghheiglitronibl w:ave/ley a astmildi;ng to the invention with a portion
of the housigﬂ rempved for clarity; [0033 7 is a top.view of the

FI G \
hei ght cont0P#Tl KIS vds psagialy cut avedyesndgyisy taken glong Sov et Fishd astpiingssenbl y

renoved f [ Yo i I v dline 8-8
of PG 7P FLEhihi chReifibn Bhiechylehetng SEbORE mk haMek K e Bi0us) F o
9 is ar enf0@3@jed P dris peadtionel wiewwf dfe sanst &t FERRyamsiibard iduskatiof atlight val ve

assenbly in FI rspecti ve.vi ew shc%wi ng a dynamc
AR

7; [0036] FIG 10 is.a
Shear d skBCtins Hepior thaceiiimge neigtalBhSE S5, el Bitaes a
schemati c yh@Watdehitdy.r ating the height control valve of FIG 7 in a
neutral position; [0038] FIG 12 is a schematic viewillustrating the
hei ght cont0P31] Ni&t. vas ssfenfi¢abio FIG.rt exceftithdt thoBghtieontte{igeldvin mag 13 is a

exhaust  poblFHiake ppBbRH AR O T Ut i8R G agram of the control o
accor ding [00321EG. Buehh boloded S¥GpkLtivd Gew bB ainhdibisidddiegtht BomaIIAEe embodi ment
hei ght sensor according to the invention; ) )
according to the invention with a portion of the housing removed for clarity;
[0033] FIG. 7 is a top view of the height control valve housing of FIG. 6 with the
cover and valve assembly removed for clarity;
[0034] FIG. 8 is a sectional view taken along line 8-8 of FIG. 7 illustrating the flow
20  paths through the housing;
[0035] FIG. 9 is an enlarged perspective view of a stationary shear disk of the valve
assembly in FIG. 7;
[0036] FIG. 10 is a perspective view showing a dynamic shear disk of the valve
assembly of FIG. 7;
25  [0037] FIG. 11 is a schematic view illustrating the height control valve of FIG. 7 in a
neutral position;
[0038] FIG. 12 is a schematic view illustrating the height control valve of FIG. 7in a
fill position;
[0039] FIG. 13 is a schematic view illustrating the height control valve of FIG. 7 in
30  an exhaust position;
[0040] FIG. 14 is a block diagram of the control according to the invention;
[0041] FIG. 15 illustrates a second embodiment height sensor according to the

invention;



6 WO 02/096683 PCT/ US02/ 16510 [0042] FIG 16 illustrates a trailing arm
suspension incorporating a third enbodi nent height sensor according to the
i nvent i onwoO[0Q0463B3 FI G 17 is a sectional view of the thirecenisoziierent

hei ght sensor; [0044] FIG 18 is a sectional view of a fourth enbodi nent

hei ght sen$gy423¢4G! H MYsttdes étr&ﬁlﬁ b A §fNpeRion I g}atllﬁk@thﬁ‘@ elo@nRGet | onal

view taken along |ine 19-19 of 18 for the t nbodi nent hel ght
sensor; [Od’lﬂl@]?t%Fl@razoorﬂﬂngﬁetth@nwtmnf| fth enbodi rrent hel ght sensor

accordi ng i hwentign Q0J0 FI.G .2 ates a sixth

enbodi nent E@AHSEE:EGS g&ﬁeéﬁd &ekgo(ﬁgg?lﬁge br?élé%e[nlt 'hseflﬁ%t context of a
shock absofdei) HIGOABL aflské&tiondPyietv di&tfbalkﬁgmao&&\éﬁtrﬁéﬁgzlﬁmw AEddkdifgtoht
sensor according to the invention; and [0049] FIG 23 is a sectional view

t aken ab on@hel inwent®s; 23 of FIG 22. 15 DESCRI PTI ON OF THE PREFERRED
EMBODI NENT (Qgi%]lG 96}5 a%eét onﬂl?‘%]le@’ttgﬁerﬁaalérgfqnle 1@919le SRR Y0P fhg rhlr]Z:l]‘ 0

accord|ng e inventi pensi on Conprises a pair
(only one shrbnﬂ:)me(hfh&gl&lsbnm, arm assenblies 112 m)unt ed to a vehicle frane
114 and i ncor or ating_a notorized height 20 control valve 116 according to
t he i nvent (6] Fia %C?%IPW%@S HHfh ﬁgl?éﬁ’éq*e}“ hejight sgpsoppeeosding t@ thgi | i ng arm 118
havi ng one: g %vot ally nounted through a bushed connection 120 to a
frame bracket i depending fromthe vehicle frane 114. An air spring 124
conpr i $6 ng [@0471] FIG N2 NiZlGstrapesnd sgithtcantzodimertiheightfentdreactording toghear m 118 and

an airbag 128 nounted to the fra 14 through a plate 130 connects the
trailing aFWGQQOTI’Btﬁ?BODtth eanﬁh@ng % »114. An axle bracket 132 is

mount ed t o[§ga8] FIGI 17 iMGstRiien alée%entﬁ%hm@ﬁnérﬁﬁe %ﬁ@é@ﬁs&%@@&@fn gkéheand the air

spring 124 by a pair of bushed connectors he axl e brfacket nmounts an
axl e 136 t invghiiew anhe ground engagi ng wheel s (not shown) of the vehicle

br acket 130 ARPIEEE e BB W N isGB FTRE G e basi ¢

operatyon of a trailing arm suspension is widely known, a brief summary
may be useful in understanding the follow ng disclosure. As the wheels of
the vehicle encount er JHSEBEEION OF THERRFFERRED EABODIMEYT appl y a reacti ve

force to tpﬁ)tsﬁ)ﬁ*&('}.' D ds LYl WnS0GHehsiah |1 LB hEL A& 1O the

frame bracke
The trailing arm suspension comprises a pair (only one shown) of trailing arm

assemblies 112 mounted to a vehicle frame 114 and incorporating a motorized height

20  control valve 116 according to the invention. The trailing arm assembly 112
comprises a trailing arm 118 having one end pivotally mounted through a bushed
connection 120 to a frame bracket 122 depending from the vehicle frame 114. An air
spring 124 comprising a piston 126 mounted to a portion of the trailing arm 118 and
an airbag 128 mounted to the frame 114 through a plate 130 connects the trailing arm

25 118 to the vehicle frame 114. An axle bracket 132 is mounted to the trailing arm 118
between the frame bracket 122 and the air spring 124 by a pair of bushed connectors
134. The axle bracket mounts an axle 136 to which the ground engaging wheels (not
shown) of the vehicle are rotatably mounted. A shock absorber 138 extends between
the axle bracket 132 and the frame bracket 122. |

30  [0051] Although the basic operation of a trailing arm suspension is widely known, a
brief summary may be useful in understanding the following disclosure. As the
wheels of the vehicle encounter changes in the road surface, they apply a reactive

force to the trailing arm, pivoting the trailing arm 14 relative to the frame bracket 122



7 WO 02/ 096683 PCT/ US02/ 16510 and the vehicle frame 12. The pivoting
novenment of the trailing arm 14 is danpened by the air spring 20. [0052]
I n addi tiwo oeoo@ahpeni ng the rotational nmovenent of the tPaTliSoy1@im 14,
the air spring 20 is also used to adjust the height of the franme 12

relative t e, qr 0pl ' &at i Il as air
is int roduagggﬂei }/}%168% e gilébggéfg\%%ggﬁ?ygﬁf%fé@tﬁ?gﬁlﬁgfﬁ?gg?g%ﬁs%%}%gl ative
to the traylthagirapimgda). since the trailing arm14 is effectively fixed

relative to the ground because of the contact between the ground engagi ng
wheel s. SilHPIZInyddition e damprmingihe gptatipnal &ma@gvﬁhq%ﬁﬂ%g%ff%ag 24 the

vehicle fr 1 gzw'ié hisé Q¥Rto 5&5321359H&itgh{g&@eli?%ntgwfa%w%tﬂg rdufia[ 0053] An

anti-creep e 140 1s provi on frame 1 and functions
to |inst tHoe eramplej assumingtshtictcondikibng aapmidib&oduned mujo theaatitrag, 24nthiech | ower s

the height of . the vehicle. f .. This ph s Kk trail
n the ar tvelicl Biloe s HiscA{ra Eie o FoilupHny poeRdapimdis ¢ %

typical |y $faptival tixdytdiige (@8R Gundeche®f et bwadHad dhduddhe trailer,
the air spring cannot be inflated to counter the increase 15 weight,

resul ti ng engagihg wheeler Simgjlasly, iflpsesburized, ainds exlansted drom thewanbeg 24 e trai | i ng
armis effgcﬁi{%el 1Qi \/@5 ed abﬁut(y tth.bu§h&% L£on ection, which results in
the wheel s°6t% fuﬁé 3hd TEg 4 8‘9{“}{5 FET &F Y ve away from the dock.

[ 0054]10Thq0858]i AS beepredpuéae: 14 is@aspadEasthe vehioR fan® 1Haddtahctichsr ot at abl y
nmounted to the vehicle frame 114. The stop armcan be rotated froma

retract ed tpdisiit theiolaren olthe Halmeispmpidiusing leading) whishdewesstembrightedsi t i on,
wh th ' it iLd 118
and 1m0 Refitte i O Aleltgtn sknoR R AR AR Y AbEpd bl PO BE D
vehi cl e f regsuse HieainmuypphpEiotthobir spréngstiofypially 42 dfedutimgrioadihe Aehicdet ed and

extended positions_ is typically controlled by a, pneunatic actuator (not
shown) t hateight is adgras iRrdratlgr ithealr ARYRERARRPiP laﬂate«iﬁh%mf%gheomﬁa&suri zed
air 25fraqm; uat i af antag- i i Ld known
and aiTl ' ot Ehe ReERPhe IViing AR Bl 6 B AVGSRAC ARInE SRS
sensor 144ffestivalypivetedtaboutitbe bushed chnzackien, vilkigh rsdlts is thopbedbtotatognnect ed

to the trail,ing.ar 18 so that the. senso 44 nonitors the orientation of
the trail iaﬁgC&&W%ﬁ’]&]{@ﬁ?ﬂﬁfg‘w&_aé’faéﬁéqmglﬁs)ercﬁo ponding to that orientation. 30
The hei ghtj0ga\t TIR anSiedd&y de¥ftd 148 BIPEikés £abp Xrnt PADIhacs rerat BB MBhmed zed
hei ght control valve 116 to supply the height control valve 116 with a

si gnal i ndp ¢k Yakdrle lempddft Thnstoprrmisen be sthtedfory aMelpdiod GPsiRel €35 i ng now
to Fl % %h%‘{%l ig ph&ﬂ&n?ﬁl@@% a&éﬁteﬁ&edf ﬂ&ﬁ@n}lwﬂ?ﬂé HEGhd S tﬁ@?top arm 142 is

positioned above the trailing arm 118 and limits the upward rotation of the trailing
arm 118 relative to the vehicle frame. The movement of the stop arm 142 between
the retracted and extended positions is typically controlled by a pneumatic actuator
(not shown) that is responsive to the introduction or exhaustion of pressurized air
25  from the actuator. This type of anti-creep device 140 is well known and will not be
described in further detail.
[0055] A height control sensor 144 is mounted to the frame bracket 122 and is
operably connected to the trailing arm 118 so that the sensor 144 monitors the
orientation of the trailing arm and outputs a signal corresponding to that orientation.
30  The height control sensor 144 is electrically coupled to the motorized height control
valve 116 to supply the height control valve 116 with a signal indicating the position
of the trailing arm.
[0056] Referring now to FIGS. 2 and 3, the sensor 144 is fixedly mounted to the

interior of the frame bracket 122 and mechanically coupled to the bushed connector



interior of the frame bracket 122 and nechanically coupled to the bushed
connector 8 WD 02/096683 PCT/ US02/ 16510 120 through a link 146. The frane
bracket 1WD ohagee8pposi ng si dewal | s 148 that are connect eeCrpusarniend wal |
150. The bushed connector 120 conprises an outer sleeve 152 that is

press-fit widihidhghhaidk @il ’FBG fapdbkd&ea b hﬁ%oﬁhé@iﬂ@wé@l@hﬁ&t s
concentrically received within the outer sleeve 15 An annul us of

el ast omer | @onBedied by aralancwsll |1§0 cBlmQ)b@éle venneciost! 30 nemipiigs we entet Blecsut er

sl eeve 152 t.he in ds o r. sl eeve 154 abut
Shest mnor i RatiS Brosi e iend GEVEIP by 18 B LR b 1 e e bol + 106
conpr essi Vén¥erdtBedlysretdl feSwilkinahd oukéBslecgaisns Ant dh@uRBdseladionbfic i nner sl eeve
154 to fix the inner sleeve relative to the frane bracket 122. Wth this

const r ict i Bateriglhle S gemaress)e rttipedbetiveen theggutsrslpess 2% aslihe &meD in t he
rotation °J1ee%9%52“‘rﬁ ﬁ&s d&f‘fﬁe {Lﬁ& sﬁ{‘év@%X Gbbnt fh%e{‘ S %Aﬁ&%ﬁd%\%‘ﬁ The

rotation is acconpli tomeri ¢ annu énabl es the

outer sl eeMs rd§idcticelyr (Atmbmltfnglbaltll\ﬁé cbmptdsselvelynﬁéurﬁé tevidedal.1480057] The
sensor 144 contains a external shaft 160 that is coupled to the |ink 146,
which is citHsthedninok the st deevs| lodve fixghe inprpsipgvsiclauy: todhe Hawe any

sui tabl e E‘%}%ﬂléng%@ 8 tﬂ@%ﬂ& &&ﬁgn It ﬁi%&'j‘?riov@ﬂ\é e t%hﬁ%‘%mﬁkgsﬁg? sl eeve

is corres y transferred to 't erotatlono he ext t 160.
For ex®#nplie,thd fogatianndd tb@mtctmi@ve 482 aglatbvelt6 2he hbdr sMavehS«ar ¢heonatentisd by one
of the arns havj. n that i.s receiyed in.a s in the end of the

ot her - ar rm SCHAP SRNENE SedPe S Rel Bt b soRbeS et et L

cor r espondiohld M1divans berinsd sievd ey external shaft 160 of the sensor 144
whil e 20 acconmodating any rel ative vertical novenent between the arns 162,

164. [ 0059P5Hi Hae seasemid4sontaing stextereal shafi d6@ thabis covplad &Y thehiskddhsor 144,
The sensor t s nmount

external WAL is EETREREETnE hteP The BT s Wik 2in b DYRL i S
solid bl OCsk)1&Hgasaﬂ1ermfaﬁbnammopbmsﬁﬂdftlitauutagsleevells gdﬁesp@wﬁ chaythesd 174 and
a light passage 176 optically connecting the light 25 chanber 174 to the
exteri or dPt]tlff]@tEFtlo@tﬂf Ué?ﬁ’%t%féﬁl shai 163 Forample thelinkzgn copprisaarms | i ght

emtting djh 49(vh?ch e 86%%&%? gg %l;gfh@‘lrf% BE%H%E EBF% t]hht 9%@;&5’3@?%@“ and

emts |ight at exits t t hroug al ong
path A [ Qﬁ&@s] enthef the btjplat arse mlmmebyjthd rdtatidring mavambntcté $haaodta:1gﬂﬁevs énsor

assenmbly 190 conprl t ho 92 havin n_open end in
which is fIORERIRGH nséer&?dftggl%ﬁ ﬂg)fgi}&?en%oﬁ&ﬁgé@%rosted gl ass.
A T'ighip deéc%&hﬁfodhﬁné%ﬁefhﬁ% Qérné‘zﬂ rﬁ&&e‘n&"e%'t bO¥el@the o190 163 1@QSi tioned within
the l'ight-tight housing 192 behind the defusing el ement 194. The opti cal

bri dge 19d00p%l Kigest mbi Blysitatela prafgoedionadf txo@nsuhiddh Toarerser 144
comprises a light emitter 170 that is mounted to the external shaft 160. The light

emitter 170 preferably is formed from a solid block 172 of metal or plastic having a
light source chamber 174 and a light passage 176 optically connecting the light
25 chamber 174 to the exterior of the light emitter 170. A light source 178, such as a
light emitting diode or a laser, is positioned within the light chamber 174 and emits
light that exits the block 172 through the light passage 176 along path A.
[0059] The height sensor 144 further includes a light sensor assembly 190 comprising
a light-tight housing 192 having an open end in which is fixedly placed a diffusing
30 element 194, such as frosted glass. A light detector in the form of an optical bridge
196 is positioned within the light-tight housing 192 behind the defusing element 194.
The optical bridge 196 includes two spaced sensors 198, 200, which can be
photoconductive cells or photodiode detectors. Each light sensor outputs a voltage

signal representative of the intensity of the light they receive. The voltage signals and



phot oconductive cells or photodi ode detectors. Each |light sensor outputs a
voltage signal representative of the intensity of the light they receive.
The vol t age giogeat s and 9 WO 02/ 096683 PCT/ US02/ 16510 t heca/utot/ienences
are used to assess a change in the vehicle height. The optical bridge 196
i's preferafly graieat slaRsd ersgiag afeharrgéuh t&@raﬁlahagac@ﬂayﬁﬁdayan@gé I's in
either a half bridge (2 cells) bridge (4 cells) arrangenent.

[ 0060] Thel%pe prefereblyos Wheheswnegmdgs @rrsmt usmg phefobaitctivesetls beeltheyar ef er ence

to FIGS. a t he position of the light emtter
170 when ﬁf?«l\%&% é?&""?sé Oata%‘i‘lkénélgre Caérapgglg Height. 1t should be noted
that alt hq']ogm]Fr& oﬁkraddntbsttrﬁeaﬁm séﬂ's@r L40fRtbesIBEiRA bY 18R PIGRAt ed
substanti a erPendl cular to the |ight sensor assenbl 190 when the

vehi ¢l & | sandis. rréfesteates éhe pasiionerighe lightreanitteight0 whentthevehidlp icaithpe
ori ent ed Yerithc ﬂr'e he ég%lk]el 5 @1&?65%1 a}a@'atgérfgrﬂsf% 2RRIRAY 12; did? BS! abli sh

the reference ef er efice posi shown in

FIG 4, thﬁmlttbgh'lo lﬁmg bﬁéntédeamﬁealyeﬁ;dap@mcuwr tb tightighabesegr &@étﬂbl& As the
beam of light contacts the diffuser elenment 194 of the |ight sensor

assenbl y 16489 whepthe yehiglefs gidberafergpge rdsricaght, %ﬂﬁélgbﬁoea@étar V1% Bensors 198.
The rays o r1énhe@lh£t ah 'afl 1@ 'rellgté\% @B%é"ﬁgiqt@éns%[]gss blyf %{ﬂ%etegﬁbﬂéhf b reﬁ%éament 194

to the 15 t senso espective I stance t ht
travel® i rrpmachesghthe intensity of the |ight as seen by the |ight sensors,

resul ting ondr n volta put. frqmthe SOr S 0062]
rer or 11 ng 0B Bthe HRER bR shew o Fite ™ b i einde N NGRS a4bER 2o by

| oadi ng  ogr1ipnt ARME ?gth%.oﬂk'@ﬁe ﬁeﬁfﬁrﬂftﬂgﬁrt V&hhG! e cﬁrr@seis ERinkhi"@4dtih 18 Wi | |
rotate relative to the 20 frame bracket 122, resulting in a correspondi ng

rotation odightbensonsssemblyc®Peraysaf diffusehlight sontast the sraacctbhglésprmm HP.rotation

f th t | ft 16 th ht
oxternat sTieys BoTe e de di it it ba RS e e oFBehr B Wi, 5% hew
posi tign @E%iattsélﬁofsl 19l 2@9@(’5§‘pé\:tﬁ/%r}i kﬂﬁechmnw th userr-Rte@phctd ¢ at a

di fferent ocation. The rays of ht emanating fromthe diffuser el enent
194 and errp&erlrslrrgomlréllglest 4S|59¢ﬁb§s@“ﬁé ggseﬂ%swwlﬁﬁ&tnwcarﬁépondm&wwgar st ances
D3 and D4. by conparison with the distances D1, D2, the

di st ance e Irg ray to enter the sensor 198 is |ess than t he

previ ous o[rOﬁﬁb]rRa&feBm:g to G@VR bk heighhef e sthinkeds Edangsd, sgr:leastlgrlohdmag t he

di stance D2 f r the light to enter I|ight sensor 00.. The r suIt
change in ¥H&@ %égrgmra i frop e VERRle: WRittafline amol 15 Wil rejag re At tfrﬁra

resul tg i Wralﬁ@bl%gkétqa§ofesrﬂ§§g fnei;(%n\é'sﬁ&d%é]fo@ﬂ% df'i‘ltlee&ﬁérts‘feelvé g%, and the
sensor 100 receiving a lower~ intensity |ight. The change in the intensity

cor r espondshich resulth angeoriasporvingmotatimgef the external shaft 160 of the height sensor

144. As the height sensor external shaft 160 rotates, the light emitter 170 is rotated
into a new position and the light beam A strikes the diffuser element 194 at a different
location. The rays of light emanating from the diffuser element 194 and entering the

25  light sensors 198 now must travel through distances D3 and D4. As can be seen by
comparison with the distances D1, D2, the distance D3 for the light ray to enter the
sensor 198 is less than the previous distance D1. Conversely, the distance D4 is
greater than the distance D2 for the light to enter light sensor 200. The result of the
change in the position of the light emitter 170 from FIG. 4 to FIG. 5 results in the

30  sensor 198 receiving a higher intensity light and the sensor 100 receiving a lower
intensity light. The change in the intensity corresponds to a change in the voltage
output signal of the light sensors 198, 200. The change in the output signals from the
sensors, 198, 200 is directly related to the rotational change in the trailing arm 118

relative to the vehicle frame 114 and provides a measure for the change in height of

10



out put signal of the |light sensors 198, 200. The change in the output
signals fromthe sensors, 198, 200 is directly related to the rotational
change i nwDhe/op6683 | i ng arm 118 relative to the vehicl e framstydesand
provi des a neasure for the change in height of 10 WO 02/ 096683

PCT/ US02/ 168 {Bhicleleork e Igrla@etéﬁrﬁﬁ‘éd PsitRme e &Suih? @bnP oS 'l1tghP§%ns6|f'§'@98’Ut put
fromthe |ight sensors 200 can be used to control the introduction
and exhaus?(Oangfe %ﬁ@gsmnit@b@eamtrociuml@l @nfbexl@mtloglmﬁpmjsuru@dramls@ the | ower

the vehicle frane.unti m.tter S rot bac t he

ot er ance Pou PiRs S Fabq b pf Jem @ e i SR an 8RS | e

notori zed mkg@theq@f&rémbpwghw 116 according to the invention. The

not ori zed height control valve 116 congm ses a two- piece housi havi ng
6

base 232 o986 E}@véalh@@mesmc(@ﬁlnoge@h erpotpniead eightcenieol V@bf@lelqgoz The
b 202
Dace 202 o Rh LRI b B0 VROl S UGB

connect i onpidé: poringdavQt weapdld seba edver am;tvomum puhowntrendaddratiGhe Whi ch
has t he neces el ectrical connectjaqons to connect the height control

sensor 144 %ﬁésén?hﬁbﬁ%ﬁogé%@aﬁ%on tywlavided inge temporpnsy an Pieé'ﬁmQ]OB conpri ses
a val ve as I V. ort 216
and an ai r&glg?‘%tﬁoéﬁ%&otrlﬁlpgol%at{dAﬁﬂlgg @ﬁ%‘wﬁ%ﬁ?ﬁz{g& 1:% él%rg%%?d)]gle%orp

opposi e spatomP06 bempases a O@put/haiput ineerfané 210, pzdnth BdsGhanetesdagy ai r spri ng 15
port 218. veasenb 212 cqntrols t f fluid fromthe air
spring por%e&é‘i*’g Cf’Bneé %’fmf{cﬁgle%r?f@lt C?)‘btf‘?q s?’isé)r ﬁlﬁ‘gaﬁ‘{]@ye%h%ﬁfg?soﬁ%rt 220
to ther ebYTl%)ﬂl'lilﬁanirbl%orhéﬁ PR keEhrRes AREvEXER_HBLY 210 AHd PMEaShHiegH air from
the air sprin [ 0064] A val ve actuator 222 is operably connected to the
val ve asse%rﬂi ga\zmganeretpwtazlxéané@n@atsmmgzgrt@d&pﬁnﬁbwﬁpeﬂté@@ iS ¢ notor 224
havi ng an oly] f unt.e v ear. 228. A
transfer g% ‘38“%3 (r%pé%g]l%%g? gﬁ\éhs (r:ilb\%etﬁanear gp%gfdnngi B AESPYH  shaft

232 t hat i@or@@mlmmvd &S@erﬁﬁbf\MZ@Sﬁt@dﬁbﬂw ﬂcwhefﬂbm ftdig theatt ¢pinig@artof t he
notor 224 rotates the drive gear 228, which through the transfer gear 230
rotates thelStesither Ofsth%ﬁf’cletmg %8 aﬁﬂétﬁeeﬁﬁ@a%lﬁ’ﬂt&zo ¢ theyehywenigeldBernl vy and

contr ol i d either the inlet
cort 914 (nttbERRETELERNAh OURER G Bbk BRL BN € 0T & Al so
provi ded vﬁOﬂM]nAtvrah/emnthtarzéﬂ ishgriegitlly canteriet tovﬁiemlvem&mﬂl’y ei2rild y the
controller 240 is fo C|rc it board 224 and
Pt or - ghre s o S m st Anelianic Gt g R0 DaP e G AT A Ron ¢ e
circuidy bomaldh B ohhal aldﬁv@g@a&tzascadr%sf&tgahlezkotl@ chiliffed RRHE AW BusE

interface 210 and to 30 the notor 224. A valve position sensor 246 is al so
provi ded o#28tand hes pcantrolisbalt d324@t is coupled to the valve assembly, whereby the

actuation of the motor 224 rotates the drive gear 228, which through the transfer gear

230 rotates the control shaft 232 to thereby control the valve assembly and control
fluid communication between the air spring and either the inlet port 214 or the
25  exhaust port 218.
[0065] A controller 240 is also provided within the motorized height control valve
116. Preferably the controller 240 is formed by circuit board 242 on which the motor
224 and transfer gear 230 are mounted. A microprocessor 244 is provided on the
circuit board 242 that is electrically coupled to the input output interface 210 and to
30  the motor 224. A valve position sensor 246 is also provided on the circuit board 242
and is electrically coupled to the processor 244. The valve position sensor 246
includes an actuator 248 located on the valve assembly 212.
[0066] Referring to FIGS. 7 and 8, the base 202 is shown with the valve assembly

212 removed. The base 202 comprises an interior chamber 260, open on one side for

11



and is electrically coupled to the processor 244. The val ve position sensor
246 includes an actuator 248 | ocated on the valve assenbly 212. [0066]

Ref erri ngwD®2@9de®s 7 and 8, the base 202 is shown wth t hecraiSori@sscenbl y
212 renoved. The base 202 conprises an interior chanber 260, open on one
side for ldeiV¥RsQied DAGSRIRMY/ @ﬁ@%{t&@é%@laﬂb%p%ws@eﬂah? duBhepasenbl y. The
interior chanbeg 260 is partrally defined by a interior housing side wall
262 and arintemioehdwningsdé phl 262 anbdt inkBibr pahphmalexaﬂefmﬂs whighepxtendom t he si de

o ne’ caimSERd wERA8Y, haGt3uBhy sBRad hod Rid e ShpeichadifreS s

respect i velxyendHism dhd cliaitel Y6 @R inlet fpoft T 6ang kiR ail sftRgGRT18g 266A in the
peri pheral wall 264. The air spring conduit forns an opening 268A in the

val | 262, 1aspesiivelis The aasupply comiyitdemenaslot-Hiserppaning3qody inghe peripheeal bas e 202
]E IO ex haugwﬁ?ﬁ@ 2’%196 al[ gper?n(% co};gﬁt ﬁl)'rrrns %H%gol;‘ﬁ/mg QEQX' 1{1]th%§x(/3 lf féza%f)%ﬁﬂ
U|dly connect 'a sou pressuri zed ai o the i nteri-or er 260.

The air SFU’dnﬂGltQ@@éﬂt’ehd@i@&nfﬂhd&xﬁr}brb@tM&@@QD%tdéﬁ@aﬂ%'p&ﬂQ@O chanber 260 to
the air spr|8% |ift bag 24. The exhaust condujt 270 fluidly connects the

chanber 2d8§0 Thf‘ealaﬁwbp%déﬂZP@WPM%M%CW%@MO@ 0£nd 10, the

val ve ass t shear di sk
272 and a%%%%g¥@?%é%%?%g %{%6\9&(;% gk 2 %hgggﬁ%ﬁ@%xfﬁg(}l 9passage in

t he f orom afonaectotherintegjo?dbnebec2@0 tolthie air pprdisglif bag 24 h®hd extrmsafcoaduidS orifi ce
276, both gof i.ch exten g he di sk 272. The static shear disk 272

i ncl udes 10 rﬁ@aliylcgﬁﬁ%%t ﬁg %26é7%t}§ﬁ&n9§@ef%at recei ve positioning
studs 282 90gg] R&drie 8HIG8% 1D, ttﬁ@v%@ss@tﬁ@ly‘ﬂ@%oh%ﬁsés@ﬁ%hﬁal@a”ber
260 to align the static shear disk 272 relative to t base 202 so that
orifice 27iﬁclathngrasstwuctdhe@rhbsln%i7émndg Bagmicodisk he ‘Bhe statpr disky2 Bolmaaint  268.
The axi al nin 74 aligns.with th xhaust .conduit. 20 270. .Thus, the

of 1 1§ oo 278 M PRE LGP AR s 27 S a BT PR e TR £ 48 on

bet weefy t haifiees, whfoa%l&lfexwﬁq toabh thetii k22 2 nehticRBeaidisksImi ng port
218 and the exhaust port 220. [0069] Referring to FI G 10, the dynam c
shear di skinglpdes iing aligament enenings 27% oret 28%slat ieeive portienipasies 2Held di sk
273 is po i 02 so
that the BukhRal il ofte 20 b fle HRABPENRRD 280 o Aty fEn DRSS

rel ations hhsk 202 feldtive tol rm:eh“ascsmz‘ sachatairifide@ 76tatiphcwith émropdnisk 2888.0fThe

dynam c sh di.sk 273 conprises a sector_ portion 282 from which extends a
circul ar Bglrgg@,ng gondyit 2084 d he gxip @@M@fﬁgnﬁjé’ﬁ@rﬂéﬁ exfaystepadilil recess

286 i 5yf 0 rﬁ%d THhs ! BE oﬂﬁ@@m’ &mﬁlﬁ@ﬁxmﬁé@!ﬁlr%?@ 4aRBpE RS8R inRRIAkeNat e
portion 288 and a channel 290. The arcuate

between the upper surface of the static disk 272 and the air spring port 218 and the

exhaust port 220.
[0069] Referring to FIG. 10, the dynamic shear disk 273 is viewed from its lower
surface. The dynamic shear disk 273 is positioned within the interior chamber 260 of
25  the base 202 so that the lower surface of the dynamic shear disk is in abutting
relationship with the upper surface of the static shear disk 270. The dynamic shear
disk 273 comprises a sector portion 282 from which extends a circular lobe 284. A
passage in the form of a generally T-shaped recess 286 is formed in the dynamic shear
disk 273 and comprises an arcuate portion 288 and a channel 290. The arcuate
30  portion 288 is predominantly located in the sector portion 282 and includes opposing
outlet profile slots 294. An inlet profile slot 296 is provided on the exterior side of the
sector portion 282 and corresponds with one of the outlet profile slots 294. A blind
slot 298 is formed in the upper surface of the dynamic shear disk 273 and is sized to

receive the end of the control shaft 232.
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30 portion 288 is predomnantly |located in the sector portion 282 and

i ncl udes opposing outlet profile slots 294. An inlet profile slot 296 is
provi ded wo oiogs6ext eri or side of the sector portion 282 &ad/usort&sponds
with one of the outlet profile slots 294. A blind slot 298 is forned in

the upper RordPEeReR hssehBlcdy IRMrfics BRRX i shkardilsk GHill Be BétRBEh bR of tREEI Ve
the end of the control shaft 232. 12 WO 02/ 096683 PCT/ US02/ 16510 [0070]

When assenplisdf onties poofileistoes B afd inlseprofideatiotdi28k. Bbe Wiind slpt 2987e¢sieasn one of

bl 1 na o1 o1 SeP P & GBESIOIRUILASE, HRa R D0 By o hEhRadRl (oo

290 f1 ui dl yoraomDETarRl thBSudétGatile slqdfotth®exhdbs pprd20hBroagh kietexpuati | e sl ots
to the exhaust. gort 220 through the exhaust 5 conduit 270. [0071] FIGS.

11- 13 i3 | usdak é79.he three mmj or operational positions of the shear val ve:
fill posity Rew ral .11 . itLs I of this
descripti OLO‘,a?ll]t W II? lggﬁggs&salﬁer%gla t{ﬁﬁg%n %ﬁgﬂ%flgﬁat? p%%lﬁtg Irlso 10[\E}% vgp gazgﬁs'ns in

t he neut r afill posiidd, @Butrdlipotifien, aeluixhalst pesstidn. dForpingpuses of this@esclibtiot, e
dynam c shear. disk 273 is oriented relatjve to 10 the shear dj sk 272 such
that the sHebPe aFERebRE ﬁhe@eg‘?lscqrgr%as%lw PeHRYIIaE Wﬁlpﬁgm-ﬂ%{;@ or sl ot
294 and th iR Dbk 17 g and i inag: il 873 AnsRhRa WiV Be
dynami ¢ sh%ﬁ%&%%, Ge,efu?ecti{/lle’It%/Brﬂsygg#‘liLlndg fg[helg%)pejnﬁ%EZ%A og\,et he air
spri ngiccondiaishear 268 2dAdudil thakthaghdar disl ocifiner2 6 Ggtoswionéd betveert ther t he ai r

supply port 266 or h t candyit,270.to the air spri.ng.conduit 268. 15
[0072] It PEFORNG: ?iﬁ%@ﬁﬁ? REFEOS iio%‘%%mix}%a%gmmgfh?%@?ﬂ%i ling arm 14
towards t hgynahdi@sRar &k Ziﬁyefﬁeﬁ%l%%aﬁ_ﬁ% HRGpRAMS J6BAldTehd Aaskhiig Bhddihe
trailer, the valve is noved to the fill position as illustrated in FIG 12
to i ntrodul® andblecking flind cammurdeptipn firom eities thetaiesuppbipast 206 argibausins vi ewed
in FIG 12 n uch conditions, e notor 224 rotates the dynam c shear
di sk 273 s%ont%Hgﬁj}QEoet%grafrfspgggﬁ u,rlrtovég's into fluid communication 20 with the

exteri gy sj0o721296ortmyapaon tige & relafipé ndgeraomidithe 248ng arrb 14 tdwilr @y ther
chanber 260. Since the interior chanber 260 is constantly exposed to the
ai r suppl yirpee faibls suchpsaadpereassdn ferlogging ofyde dialels thedvalvstis Mowed & v spring
conduit 26 (nt : i Al i : j: A . 073] If
Tho trai (i e ibosibhaUReBRST TG £AY ikdaue TR shlinduit bPE | BdEee UL T2
such 25 asehidle frivme udsodeveind1Gg 0, dmdérsonh tdweditioms, thermotar 224metttesbe

ot gt - AU ATARIC SRR 3 55 thtidhe e b Rt L TR Ssit® | o moved.
to theyexhgus theRQgdrior At bgat RhOfir dithe FRNNING6S RethdYiad:chakigar di sk 273

relative to the shear disk 272, so that the interior

260. Since the interior chamber 260 is constantly exposed to the air supply port 266,
pressurized air will be directed into the air spring conduit 268 and introduce
pressurized air into the air springs.
[0073] If the trailing arm 14 and frame rail 16 move away relative to each other, such
25  as in the unloading of goods from the trailer, air must be exhausted from the air bags
24 to move the frame 114 back to its reference height. As viewed in FIG. 13, under
such circumstances the valve is moved to the exhaust position by the motor 224
moving the dynamic shear disk 273 relative to the shear disk 272, so that the interior
slot 294 is brought into fluid communication with the orifice 276. In the exhaust
30  position, the air spring conduit 268 is in fluid communication with the exhaust conduit
270 through the channel 290.
[0074] FIG. 14 is a schematic illustration of the height control system for the
suspension 110 and shows the interconnection between a master vehicle controller

300, the suspension controller 240, height sensor 144, and valve assembly 212. The
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slot 294 is brought into fluid communication with the orifice 276. In the
exhaust 30 position, the air spring conduit 268 is in fluid conmunication
wi th the wollawsdestonduit 270 through the channel 290. [O0®¢4]ushr/G51d4 is a

schematic illustration of the height control systemfor the suspension 110
and shows {dgmait ers& RNRES b Qéhsgﬁﬁ(‘ﬂeﬁﬂ the é@ﬁﬁhg the ﬁ%@itﬁh%f@}&k%ﬁﬁ' 148%f 300, the
suspension controller 240, helght sensor 144, a val ve assenbly 212. The

13 WO 02/ 0$66838-cReEh/dgBoe/ Aﬁalltresezrv:cheﬁ&«hsmrawgcﬂ intcdupplaes esserisak aiB@2 f or

t he sensing the 05|t10n of tggll? %ijjs 142 ge the anti-creep device. An air
reservoir 3§4%E B%Wa&%ﬁ%ﬁa 3}5 % PSurized air to the suspension
air syste 0@7 Tﬁenﬁgtek@hwléc&ﬁﬁﬂleﬂ’sod &Qﬁr%ls the 8pdTRGS L6 ey} 64 e control | er

300 contro e operation of many of the 5 ve?n cl es operational features.
The mast er VMPS:M@T@W@MGMW@@ 3be rmaétqryfahl@lalcpytrolbeas ARe et wicaly nul ti pl e

di screte c regt rﬁxuﬁ%ﬁhdlgcqggercgntr&ﬁ]e?s ane (anhttllo?ﬁjte ogr,faggn an%grf%ular

oper at i ona UI’ e suspensit on con € st er

vehicl e c@;ﬁﬁrﬁtﬁirﬂaﬁfaaﬁ%} shidhCdsUtHe suspeipdvesontioneia40. I thivedr e i es power to
t he suspension_controller 240. Data connections 312, 314 provide data to

(output) afRntioder?Qkingiaes apPWersRNdwADLA that Fupphescaawes Ly thershapeatiopensi on
control | er %&1% dlePﬁzRf %ﬁ?#y eQH&R%z §p 9fd&e<aatta§%f?&§lﬁgg%&{eldéﬁ agg! ected

function/ no ta sigha om the has con e suspensi on
cont r old er fr@@Qinpnbii mbpdch@ely;&peumenmonommﬁllef 240. Pbferatdgoututdet ermne its
node of operation. nput c ﬁc)élgo ref er abIP/ provi des the master
cont rol | er CBFECHEY H W@’il Ht Usghgecet ﬂ%}?éllgnéll FORMRSMEHm 15 t he

SUSpensi ONcGRIMIECLBARD il é&%@onﬂ@ﬁeﬁﬁbgahlcﬁ% n%)éxﬁ{bncé?}ﬁ%ﬂ&eﬁma power

connection 316 that prOVIdes el ectrical power t he suspensi on
control | eru42o deferntige lieingtie OEm@tronlzﬂZhe mptdabmecuomaé%pre&raﬂw supplies an

i nput signal he s uspe SI 240 t i, ndi e of the
current hepgides fReRBIG BRRENE 68 “uhthei R, pard tets odlfiy Bl Farpr i ses a
power gonn@l@tsugﬁnﬁaﬁ)c@ﬁu@uepzqyl des el ectrical power fromthe suspension
controller 240 to the valve assenbly 212. A data connection 322 supplies

an input si09a] Thoheight serpopéirs FORPEIASERMIMICE FOIRREIATNBLO that ProvidPEat i ve of the

Do nett ! oststiEa PRI G th Ky GEAAN Yehelolel B0 BYREAADR e AQLYE)

connection '"esa'd e suspension contr
t he val ve aﬁxnastaﬁrﬁimuﬁﬁliésfaﬁrmmmigm] toithgsuspensametoatrolder 20 thinds el ectric
he inlet port 214 of the height control

not or . reV|ous descr
val ve is f ng;c&pye %&fﬁ?\é‘é‘?"é’ahf”@ﬁ‘a"f b?é@@&llel zed air reservoir 304 for the
vehiclg  SoarhprhyvartdRs@hblySRRiBehpPRES a fdPericBnnection 320 that provides

electrical power from the suspension controller 240 to the valve assembly 212. A
data connection 322 supplies an input signal to the suspension controller 240 that is
indicative of the position of the dynamic disk relative to the stationary disk. A drive
connection 333 supplies a data signal from the suspension controller 240 to the valve

25  assembly 212 for controlling the operation of the electric motor. As previously
described, the inlet port 214 of the height control valve is fluidly connected to a
pressurized air reservoir 304 for the vehicle. Similarly, the air spring port 216 is
fluidly connected to the air spring 24. The exhaust port 218 is fluidly connected to
the atmosphere.

30  [0078] A power connection 324 supplies power from the suspension controller 240 to
the sensor 302. As with the other sensors, a data connection 326 provides the
suspension controller 240 with an input signal indicative of the arm 142 position.
Many suitable sensors are available for and are currently used to sense the position of

the arms 142. Given that the arms 142 are actuated by the release of pressurized air
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fluidly connected to the air spring 24. The exhaust port 218 is fluidly
connected to the atnosphere. 30 [0078] A power connection 324 supplies
power fr owntheIssspensi on controller 240 to the sensor 302T/UAS2/¥51h t he
ot her sensors, a data connection 326 provides the suspension controller

240 with @fbﬂl@@&r@?aa@h pafldh LHhikasCa COmiNIS BAdHr IA2pRQatd dufifeh ANy sui tabl e
sensors are available for and are currently used to sense the position of

the arns loigputGhy electricalt sigriab whemihe birds gxlsauaiet drome thelpprkibgbrabésease of

pressuriz ir14 VWO 02/ 0966 RCT. US02/ 16510 from the air-operated
arki ng bR B T SR SRR GaTer P20 OGS AR e PRIFIEA ToBIBETEE an
el ectri Ca'm@h@@?{ha%&ﬂaihbﬂle&ieéqslsﬁ?/@%é]@ﬂ%@@raﬁih@'ﬂhé%ie@@ﬁé &@idw, akes. [0079]
The suspension controller 240 includes a nenory, preferably a non-volatile

menory S t apecidht e gentrolef tecehicky heighigilhecontrolns 240 inlsg indeeparalls &l e
i 0Ny B i.al Ly .t igl i | |
340" al 20 1 HETnEAREGl B Harif o0 b Pl the BT e bl Ftten S8 L 00 01"

dat a r eceimdd Thedinering al@irighih fieRske datd deteivE €roi tHe@eighfseakgord4tibm filters
the data received.fromthe height sensor 144 tq _elimnate high frequency
changes, VhiziRats hishisequeney chapdRse whickergnommpaiydndiegtivest gHpporaiyicéds and
ther eby aVc%hﬂgc%%g%ﬁér 1R%a Xﬁ@tﬁ%%@%}ﬁ@& h&%ﬂ?ﬁﬁéé@s@&hgs Eﬁ?ﬁ%[b%‘ on 10
joints in the’road surface and otHer repeatiig or non-repeati ng aberrations
are ewangbess mfthéirgid sirfeguaidayhet heregesg onmndhiepvaingaberriiginghte f or which it

is not desirable to alter the right height tao the vehjcle. 080]. The need
to avoid ﬂﬁ%&é?ﬁﬁ‘?gﬁf%&ﬂeﬂ@’t‘%ﬂ@ﬁgﬁ’é “%Fe‘fﬁ%b‘itl%hﬁé]? At Wﬁ’sclhi“rff)&fa{ %‘rﬂm‘%lﬁ the
operati on gfaib@e YRR £disht (PANSIARRNt al regul ations require that the brake
air line 15 be separated fromall other air lines, including the

suspensi or[0889] Theeeed @n avaid unneshisetibysadjuseing ther eehjals heighias ahporianhtes or ai r

systens: brake.air.line .and suspension.air line i ch .al so,.supplies
2T o anyarPoBie o by VEwERS By PUBRAT stElions prab R o AP R ur T e
air fofs bdielsepyatcdTrorh AR BtHeh gir HAKE iRl difi LR IMGehsidh4ir lyie UBINNGosd Val ve
(pressure protection valve) that provides air only to the brake air |ine
once t he 2GhislesdBerears st ime aj lines o5 air ypitemgraohyakeeir Bog andyr ByBension e d

anount. |f;.th j €] i dj : iy, in
Fesponse (5% SAEEUE Spplif @b dd s Upibl AW UBNERES Mtbk by PR PRy U 1 e
ai r from tthe psissurized air\for botBOyktaats omahesaneat erseivbanOt bg usmyg-abadred

conpressor, can re-fil] th ir-reservojr, | eadi to remat ure and
unnecessaryresHe P%?ﬁloéi‘fvaf"f‘?stm%?rﬁmdeé B ePB t°§€*‘s€’gﬁ? ai ﬂ?‘? PR¢Y{EC ai r pressure
i's raiged 28::aRA%ENE B rdsBRBR0 A DERIWE prdd@RBhInetiAnRRSY. aF iRMNehidie vehi cl e
user initially selects the operating node of the
height is adjusted unnecessarily, such as in response to temporary height changes, it is
possible to draw pressurized air from the air reservoir 304 at a rate greater than the
on-board compressor can re-fill the air-reservoir, leading to a premature and
unnecessary shut down of the height control system, until the air pressure is raised
25  above the threshold value.
[0081] In operation, the vehicle user initially selects the operating mode of the
suspension, which is then transmitted to the suspension controller 240. The mode
selection can include a predetermined vehicle right height. Alternatively, the
preferred ride height and the input the by user can be set equal to the current ride
30  height. Once the initial operating mode and the vehicle ride height is set, control of
the suspension 114 is then passed off to the suspension controller 240.
[0082] Although the suspension controller 240 can control many suspension related
operations, for purposes of the height control system according to the current

invention, the most relevant operation controlled by the suspension controller 240 is
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suspension, which is then transmtted to the suspension controller 240. The
node selection can include a predeterm ned vehicle right height.

Al t er nat iwelog/oodeBe preferred ride height and the input tIRE€THIS2SEN0 can be
set equal to the current ride 30 height. Once the initial operating node

and the vehichydli#ehd\IHghL e hé?hﬁ mQQSﬁ%ﬁﬁl ton)e nttiepﬁmgl %%iﬁﬁlned is then

passed off to the suspension con 240. tho t he "suspensi on
controller thzmelghasensmﬂtwndrthmorwpqmim a;hustmleatt@dhe wiacrlatrudo hsightfleyr

pur poses of th ht. contrpol s cor ng.to.the curyent invention,
Phe nost rETEPLiE BRaPHTFGH BoEr 51 FEATEGS boLhE AsdnBe cRtr of | er 240 1
15 WD 02/ 096 &?moﬁ%%@&/m@%&&erdbksereeaﬂésr@étr&fn dthedepidie ligrarticaecngel ght in
response to the ride height data supplied bé Wt he hei ght sensor 144 and the

cor r espondhaightaenses L A¢ Hiroegh ‘thhéiamchéom Pl Wb @tmanbyf rideopighd ey t he

cont 1o | er "35P PEAATubPGhePloonile Aol wldfiafbdn B bR rn Sy sl AT The s

hei ght Senﬁr@queﬁéﬁcﬁdﬂ@@yﬁhhé Fige Heilzht. FoefeLbly, Gt s'ﬁlﬁens-ﬁme:oﬁtrbﬂamﬁlof ride
hei ght data is anal t he suspension controller 240 to nonjtor both

the high f#RIigenE&tey %dhq: sifgan perdehrght dadg sempye @%p@wéeh@ﬂg%blgh
Preferably the stream
of ride hefrai%ﬁﬁ@ggé@gﬁ%ggﬁ %1? ggg%llgﬁélglhl ﬁla' Itgﬁgzﬁl %&{CF ‘trlg uency
changeso i nphﬁeme%tmtmnbmaMtghhmMndhcamrmnttym heaglhty i ntroduced by 10

phenonena 0 pot warrant a_change in the current ride height. [0083]
The filter @@gf”} ﬁlée ﬂlé?raﬂflda pight datp ﬁéﬁem@ﬁvwﬁéan%ﬁ@n%ﬁ%@éw t4%ai nst the

reference ehbgde&ehiclerifehdBh: CNEend han&RANEE cifer: Ble GThEBcedds ¥ hei ght
exceeds the reference ride height by a predeterm ned anount "Delta," the

suspensi onretaenaegldedreigh? 59 aanlq:ctmrsnnddanmunt dneltay/ethie shispensice cangiod] et

accor di ngl ei t her |ntro in r. 15 ex autin ressuri.zed air fromthe

T Copr i ot e B B eyt 3Ty Bk Rt aeSHRER; B QuRE SRR B8 Ver

predet g5 m é»@ﬂuitin@%)r@e@ﬁhm SRRl tBe dik BRIngt D1 | USHANS, thBatrrédieideMaiBeis i n the

current ride hEIg relative to the reference ride height is not transient.
oY

| f the cumpémre R Hurdaiernened s ppied B aenle {Hae Sanpiuge thahte changes

normal ly a t he
vehicle ri ?%{[ Irﬁgc}ile{gﬁ?%d%tﬁ'g t@hﬂ%?}gfﬁfe%ggrﬁe cpfglgﬁmqlm tr%ﬁou ' Il%% adj ust ed
to the ref ﬁIrftlﬁCﬁddE helghthexicgdis. Ddlta fbsthenSatnblerDiimen ¢ i$ hatmaﬂllyem indisardont e val ue
of Delta is ly the sane regardl ess of wheth he current ride

HES AT D Peiehiomdvait h
hei ght is BBberedes Befow R nFdrRgrda the YiHe rignnels gt the quryegt i ¢ hi n
the scope pfe hé%f{ shﬂﬁﬂﬁ%'aﬁ sfe‘artola@feﬁrén‘ae Piﬁgeﬁe%h 'ftﬁse&/@l@ﬁ nb’tﬁ{ﬁﬁatQEepend' ng

on whet her or current ride height is above or belowthe reference
ri de hei ghabsolute *@timlbﬂ)almxs noemalbyt the s@be tdgatdiesh ©f waiether thercuDedttralei s

typically H&nght isa folv%%g balrz')w F8 e fende rlg'é)}?elgtlltn q{owever it is within the scope of

the invention for Delta to have a different value depending on whether or not the
current ride height is above or below the reference ride height. It should also be noted
25  that the value for Delta is typically user defined and can vary depending on the
vehicle, suspension, operating environment or other factors.
[0084] If the current ride height is above the reference ride height an amount greater
than Delta for the Sample Time, the current ride height is too high and must be
lowered to the reference ride height. To move the suspension to the reference ride
30  height, the suspension controller 240 sends a control signal along connection 233 to
the valve assembly 212 to energize the motor 224 and thereby effect of the rotation of
the dynamic disk 273 to move the valve to the exhaust position where the air spring
port 216 is in fluid communication with the exhaust port 212 to exhaust air from the

air bags 24 and lower the current ride height to the reference height. The suspension
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vehi cl e, suspension, operating environnment or other factors. [0084] If the
current ride height is above the reference ride height an anount greater

t han Del twofoen9deBe Sanpl e Tine, the current ride hei ght i fCrasohigno and
nust be lowered to the reference ride height. To nbve the suspension to
the ref er eagfollbfRinlfhANb redef2 IRHHR NI GRMEIM kokol 1 FERAB.a cONt rol
signal along connection 233 to the Vvalve assenbly 212 to energize the

nmot or 224 aind ey aihyustdd feom thd frotnethe oirbbg 8k tlobught the valynasiembdly 312.273 to
nove the vglve to the exhaust ihtj on where the. ai ri,n port 216 is in
Ui d commiiee4bs BiiPinn PHEoRERA0 e RIS 5P 08 niiehe 38t Wi melRbRnt e ' 2ir
bags 24 andeﬂiél%éighﬂ%ﬁuﬁtm;te nhld ehdRE@Eice e hBRhT, ShesRpERidhedodttbler The
suspension 16 WO 02/ 096683 / US02/ 16510 controller 240 continues to
recei vé heP4fhsendae gorftrad signhletoliks gietor 8 somoye theyynpmia shear disle 273baski ng
exhausted from ¢t fromthe air bag 24 through t val vg,assenbly 212.

When the s s%%ﬁ%ling%pg%tﬁ?nr%lﬁtgﬁthﬁf By é%lgéﬂfaﬁggm?’rtg%a r%gg %1 ght data that the

current  VEe8S] & thet@hint SOREaN ik delow the vdtientd1edd Jedighitencenduntigrelted ght, the
suspension controller 5 240 sends a control signal to the notor 224 to nove

t he dynani asRekp for thx Samplepliag. thesuirpe riglsneighf isgeg jaw apd myststedpisehe

exhaust i 0N e?éféreﬂée%gtﬂéﬁ%lﬁ.i 'To%tgveztﬂe s&s 91%§<ln tlofthé g?ﬁgﬁgeg the'i’%h(ae(h@ei ght is
bel ow the referencé ride I'ght an anount greater an taTor the
Sanpl e10li meyspeisonceontreidr 240dendsed ghittrol sighdaldngwoamgttion 283 betheanbed to the

reference ride hejght. To nove the sus sion to the reference ride height,
the 10 susﬁ%ﬁ@bwlgdﬂﬁmagv@ﬁhezmet%?%é&i&e@%v F%)fPCté%qgijFa‘iOta&}oé‘ Honnect i on
233 to thed?’rﬁhﬁ@disﬁ?ﬁ%f@%ﬁc@tﬁ@v _efiﬁ@r{ze%li osithh WRLE iheZAfs 3 Joeriehy ef fect

of the rotation of ynam c dis o place the val've'in the fill
posi ti on whnefhed chamainicagqr ity tiwiniet 208 214 to introftied alr fromrthepicdegsodt wi t h t he

inlet port 214.to introduce air fromthe air, ha and rai se the current
de. e ghtid siene St Wi actefde Rl e FeBphes SRPeReon: rof 1 er 240
conti nyes tahtfeL2MEconBhaitto detedvcl He@dht HAEQ feh BRthe B Ssol A4 Whild @et he air
is being exhausted fromthe fromthe air bag 24 through the val ve assenbly

212. \Whenaif irdbeiisyprdaeitshiremrthe Gpmethe aibag éf dranglehievalymasysabhie? bht dat a
- o . . . 2
that the CWI{e%Qﬁe su\§§ 'sﬁ)h%opﬁgl?%}?ﬂﬁl@%%ﬂygk ohY'th& ﬂ%@h’? ﬁiatté' I?rba% g{e%{ﬁf‘r ﬁer Irm'?or

hei ght, the suspension con nds a contro 0

224 t o noveetitie heighedubstastivdBreqdhls khéferbaekide 28ighg thdenspensionadonproliért i on t o
stop the exhaustion of air fromthe air bag 2%. 0&0086] Pre ,erg%al y, . the
suspensi on2Hbsfndsf ceyrop Aignak tgihsmetqri24 59 Bigve Hedygrric sheas 4isk <73 ¥a5€ rate of

change,df {ige hbdeil B@%@&H toAtop {he%RHél%g&E &Pait ﬁ%m\r,\tlﬁ{: giﬁ%ﬁg @4ride height to

avoid overshooting the reference ri el ght, iT great enough, m ght
requi re f uf0B6l Prefutphigtthe sispofisioheontmitiec?4), thrdeghhiéd progranmlaogie nopposi t e
direction. thler}at% o\f%l!;asntge SPRE ride height as it appfoaches the reference ride height to avoid
overshooting the reference ride height, which if great enough, might require further
adjustment of the vehicle ride height in the opposite direction. In a worst case
25  scenario, this could lead to a yo-yo effect where the ride height continuously moves
above and below the reference height, which would most likely lead to a drop of the
air pressure in the air reservoir 304 below the threshold value.
[0087] Although there are many ways in which the suspension controller 240 can
send a control signal to the valve assembly 212 to effect the actuation of the electric
30  motor 224 to control the position of the dynamic disk 273 and thereby control the
introduction and exhaustion of pressurized air from the air bag 24, it is preferred that
the suspension controller 240 and a control signal have either a positive or negative

voltage. The sign of the voltage signal will correspondingly control the forward or

reverse operation of the electric motor. In combination with the positive or negative
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25 scenario, this could lead to a yo-yo effect where the ride height

conti nuously noves above and bel ow the reference height, which woul d nost
likely | exooeod@ssirop of the air pressure in the air res@Craiso2/ss4o bel ow
the threshold value. [0087] Although there are nany ways in which the
suspen5|on ntr IIe 240 nt.Lo th ssenbly
215 to ef TURR; HEnkE s &ihshfly PR AT RHER o R LB R Sbhg oS Rekfiof F e
posi tion cza‘zztrhgardmrgam positi kof2HSd pehit l@lﬁﬂa@biskczoﬂt rrﬁd: pédigori Miferadtioh iown and
exhaustion of pressurized air fromthe air it is preferred that

the suspe ribgP%FP depinpine therposition gk thelyaamiq %‘Iears‘? %&73 #shrsovifle Hier a positi ve
or negatiy, e‘ﬁ? otna%ﬁtrol]_é}%4§'\xg{ﬁ RL 1&9&&%&%?&@%1@@ Welihe ﬁ@’ «fnd' ngly
control the or war Feverse operation o ric T

conbi nat i osmgn/\a)ﬁﬁhetvbhzagmmgrial needed toneged iheelyndndic\WRe 424 hRVBE3 thGﬁetlJSDZI 16510

vol t age signal suspensi.on, con | er 240 recei ves,a data stream al ong
connect i or}gc@é’QtP gaﬁFé*i‘%Yj”fedBeHB%rlti’?g BRI T GYRARG ROSERBar  di sk 273. The

posi tion 'mt)@gnm 98 ﬂléstraté%%qeéo%d%%b%{maﬁ hb t&g%ruz@rfop&setml ggnani c
shear di sk 273 ‘and provi de the suspension co ler 240 wth the
i nf or mat i dnvendiede dhedheight mnmrrﬂéOUharrabpuromanjaWeys to the Grst embodieendl t age

si gnal to nov nam c ) t.0..1 he nee | ocation to
ol ce t he HFhraondherere PR MR de s grenstR M PR Ee; os]

FI G 31% I |rh%j§1= ﬂﬁhﬁé{ﬁ)t%s %@%@Qttﬁ}ﬁ%@@dﬂd@@&or{dﬂénﬂiﬁdnﬁ&ﬂ§@zﬂl ﬂé@lts&ef,%&ﬁlfe Wi t h the

i nvention sensor is simlar in many ways to the firs

enbodi rrentdetaabl”@hﬂhfs@%msor tHbemnprises b ilight ervitter 4T0sthali s mavataddedhe o i dentify
i ke parts, t nd second

enbodi nment s)(?%/}\nn?l Srﬁ X 15??%%55{;%5 81%&9.1&8% 11?119 t ﬂ 39[[ ﬁl é\ﬁgﬁs%ﬂssoér bQAEhgorrprl ses a

light em tligh eﬂﬂt@ermatcoh@nmwﬁl@cﬂ( 472 Halveng aemgrﬁrcnahbahaﬁtandaﬁfraa@blem ts a
diffracted |I%ht pattern onto a |ight sensor 490. ght em. tter 470
therlighi

conpri ses St BV @eRrticary craRscHag ghaapherfidt torthe eaﬁaowf%thﬁa&cwﬁ it 476
optic IIy n 3 7 Afnpkhgy P! ock
ar2. CACS R Hhch 28l O or RO by el R Y ey B T
the li ght Alaaliinmtmgldns is Aispased batsteen thd léghs sowcelit Bpasiate degtmetem diite | i ght
source 478 and the diffraction slit 476. [0089] A light sensor assenbly
490 conpri'ses an optical bridge 496 having spaced |ight sensors 498, 500.
The opti cgpoksy Aqghfl&%sasas%{myngd) e&ﬁpnyastahlopueal RAYS b BviNBspaced the
first enbodi ment. "Also, there 1s no diffuser el enment positioned between the
opti caI brhgirgeerxsge @r&dSQmeThq@ﬁlpaléqﬁdg@éﬁomt epdgw]wnﬂhe alhog$ing esrives er 470
enits fraction er, il.l [ the I|n B The
dashed® | e BT pRBIBRYL “Me Briedh B5 HREr PR IGnEBRErt st B ne T gh
optical bridge 496 and the light emitter 470.

[0090] The light emitter 470 emits a diffraction pattern as illustrated by the dashed

line B. The dashed line B represents the intensity of the light relative to the light
sensors 498, 500. As can be seen, in the reference position as illustrated in FIG. 7, the

25  greatest intensity of the diffraction pattern is substantially centered between the light
sensors 498, 500. The light sensors 498, 500 are preferably positioned so that they
see the portion of the diffraction pattern that is approximately 50% of the maximum
intensity. As the external shaft 460 rotates in response to the change in the vehicle
height, the diffraction patfern moves laterally relative to the optical bridge 496 as

30 illustrated by diffraction pattern C. The movement of the diffraction pattern alters the
intensity of light as seen by the sensors 498, 500. The optical bridge 496 outputs a
voltage signal that corresponds to the intensity as currently seen by the optical sensors
498, 500. This output signal is processed in the same manner as the output signal for

the first embodiment as previously described.
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sensors 498, 500. As can be seen, in the reference position as illustrated
in FIG 7, the 25 greatest intensity of the diffraction pattern is

subst ant i wblog/og@Bs er ed between the |ight sensors 498, 50@CTNsE2/Md50Mt
sensors 498, 500 are preferably positioned so that they see the portion of

the diffr 6[0091]@&@1‘1& &cBnd Bl%t)odhﬁleﬁtp RIiO¥icid Rl tHarB0iQht dnflRel BRI IREM

intensity. t he exter nal 460 rotates in response to the change in
t he vehi clhégh h@tlpgmarrqvhbartﬁ lflfrmad&E&(apatotxemﬁemﬂﬂ@slmmf@manﬂrgred dladei ve to
the optic at e

tr ction att e C. The
rovenant - Petndran Ry Rt s el i ey R AL AR RS, 2c seen
by the sensmifivihPSt the®@ht sEaSor®pY$,5ab, WhicHgen BOBitie pRufoSorRtuct @ defige si gnal
t hat corre onds to the |nten5|ty as currently seen by the optlcal sensors

498, 500. imhsdphetediodss.gnipred shejprledicagli.for eiampere manner as the out put

signal for /096683
PCT/ US02/ [8?%6“ Fo%%ol‘]“%%@g { R e KA, néhtd&%&%a Bgﬂ“’ Jighe duiee | D200
l'i ght em t47@rbehwllanibe andthehieglitteaithiough Aalit ©Vgdnainc uhaﬂff&aad)nL;EEem
(approximatel y 940 nm or_an infrared diode |aser. The light fromthe

light emi tkheFetps, fieshapaef the shifirapst e prectghy %PE@HG%%W%QN dirretion vty of
the |ight dﬁo%or %%@m éoﬁa%t &ﬂm%ﬁanpga%wl%ﬁ tp%%%%dﬂfeh't i€l | s,

i nfrared t odi o nf rar otovol actic ce , for exanple [0092] It
is alswi rshou]ﬂab@tomtbe phier bHheoHs mrtot()ﬁﬁ)ﬂ mh&ht hghltle:smlg thed11bdy76té‘rlmeuldl ght

emtter 470 ge col li ted nd .t hen emttéfl Erou a slit togeneratethe
di ffracti difVpat g’épﬁce hiSrelRBYY 1 grecarmppse (grt ?ﬁlét iy Cﬂ’if@?tl di%r eci sel y
Con”0||ed)thalqm@anﬁﬂf’eﬂb{/é&éﬁ%{(}ﬂ@@d&ﬁ{&@fﬁcnﬂ%%uﬁi@é@'e if a light

emtter emts a wavel ength of nm then the slit 10 should be on the
order of .[009MFIKGS: 36 .20 @"1'11instr’m@thlr@hmbbélamnhbmglﬁe;esﬁqrﬁmmllshoul d travel

a di stance_t hat I ai..el | ar eco 0 .the sl efpre.contacting
the opt i cAVBPmERST itEe Y SPEIRTRE R ot g B°Lff fud

suf fi cisentemtdad@edt sEhdsB540 & @Bﬁaﬂt?allz|1d1¢iﬁibﬁl&b$h@f1ishbﬁ160cﬁﬁﬁﬂ@ exapt thaei ght
sensor 540 in the environnment of the trailin armsuspen5| on and vehicle

shown i n Hheheight sppgort0mppnitpss thebeightahapgsion: %Fraléup@ arr§ é&yﬁe&ﬁﬂf ey
i denti cal h&u&ﬁﬁc hﬁ%{] ﬁH@&QﬂI fml% zREesfsQﬁé %g éﬁﬁﬁ%{?ﬁ 540
e | ns 0 e

nmonitors t el ght angeln etra Ing arm
rot at i onalvebhdénfyemefranne rdfemndd prgitmnmThikfdre, Hssests it tt& thindambodimebhe
hei ght of a reference Therefore, |ike

parts in t%ggmmeg' C'ﬁ%‘%ﬁrﬁgnfﬁsfeg ThAGaPens ol Pha erﬂrl?olgci bséﬂkae WHRGAL-

embodi JEentrRyr Wichih liéetﬂeqf%{'gth't §én‘§6‘r§2130 dah 68c METBRLANSNt e”f&tt'é957(ﬁaiﬁrﬂ§h@seﬂs91e hei ght
sensor 540 can use the sane light emtter 570 and |ight sensor assenbly

190 as di sesersdyl 100 as Hisclopedsin therfistiémbedimefii0094] The main di fference
between t h[ﬁO&ﬁl Q}tmgl%nds éregcd'e e v(/]genttﬁg her}gfn%%%sos‘f%qa and 4heqlelght sensor 440

is that the light emitter 570 is fixed and a transversely moving fresnel lens 442 is
positioned between the light emitter 570 and the light sensor assembly 190. The

25  fresnel lens 542 is mechanically coupled to the trailing arm 118 by a link 544. As the
trailing arm pivots relative to the frame bracket 122, the link 544 reciprocates relative
to the height sensor 540 and moves the fresnel lens 542 relative to the fixed position
of the light emitter 170 and the light sensor assembly 190.
[0095] As is well known, a fresnel lens 542 comprises a series of concentric rings

30 548, with each ring having a face or reflecting surface that is oriented at a different
angle such that light striking the planar surface 546 of the fresnel lens passes through
the lens and is focused by the concentric rings to a predetermined focal point.
[0096] In the height sensor 540, the planar surface 546 of the fresnel lens 542 faces
the light emitter 170 and the concentric rings 548 face the diffuser element 394 of the
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is that the light emtter 570 is fixed and a transversely noving fresnel

l ens 442 is positioned between the light emtter 570 and the |Iight sensor
assenbl y wo02/0%¢se3 25 fresnel | ens 542 is nechanical |y coupiCeadiSomidsne
trailing arm 118 by a link 544. As the trailing armpivots relative to the

frame brackg sdddr adsBRbly! 1@9 e dE! B élﬁ%ﬁﬁt?e?i #&hahd Ment hBudEohgi ght sensor

540 and noves the fresnél lens 542 refative to the fixed position of the
light eni tsteking 1@ plagkrshidade gitofsbnemeklssentibguséddy te0pasintisrings el |

known, a fresnel S..542 €0 a series.of conc tri.c ri 30 548,
Wt sach §rG srabF ARF o el 1PET R RN Sias R TR PPt Bhoet ar
di fferent gabgts UG chiR@htrld BBbvetis iddchd dohBatRha@nght epstié@EBmMIHOlIS: t he

fresnel Iens passes through the |ens and is focused by the concentric

rings to aerputtéuetf@crw%étdhﬁmnomﬁhp diffisgodpment ¥9e hei ght sensor 540, the

pl anar sur [I 65’@ E4ﬁleq;aé@f% e%r];'d’ 1%%0% re (?I? ?% toscﬁg vélﬂ&%sthtetfggﬁél I%QtSﬁE %oklég r 170 and

t he concen rnngs ace t user

02/ 096683 RfetdllySeRf{it6 e diffiglt clemBAiad chgRenhd ocdidéh ofthefehbpdnt dui ght
emtted fromthe light emtter 170 and striking the planar surface 546 of

the fres ne‘lhe diffsey @dftaerﬁ%ahwetthrem%ﬁwﬁ light a Fer‘?@sbytt e hahtpﬁsnsms ¥t he
di ffuser pbitt- ongﬁt @d?l%é'uﬂ R difReR L IR ne 94&@% %s’i dﬁg hoHY faces

generated y t'he “‘concenfric groo es I's selected so t emtted
from tie |irepntl] 1Bnefi2 is @rodessetlon sstesthnaiblly the shine atanoer asfdesché)edlféxfthser el ement
194. [0097). As the trailing armnoves relative to the vehicle, the fresnel
| ens 542 b (PdSIEnQWaI ly relative to the diffuser element to change the

| ocati on ofpodgeriarcak aﬁ@'lgﬁll&'@ratet ehi%uﬁh %h%@ihe%nﬂmgﬂ@sreﬁmf 6abangRdihP o
intensity of light as seen by the light sensors . The point of

| i ght cont@cunwgtmmeThh ﬁonah@mb@ﬂenmhelg@vlseamr@()pasml}agtqmc@m;;hnd he 10

For the | fITdEEeu e b rees el ot 0 PRPRS I B o

enbodi pent religive iS the SBERIe Bdhe AC4 0T Mggtt @ensbP 640 RVBEIeONin tHir6t ERES dh
enbodi nent hei ght sensor 640 is simlar to the first and third enbodi nents

in that ita¢heepeiderPegtange i gangtalonsontiohsizan fof deteraniningithe alipnge i 118 15
relative t m%ﬂ?%fytﬁme% fraﬁl@‘%eﬁ&v“eto ﬁkfnilﬁh@?ﬁm%?é‘sor 640 is different in

that it re i n capacitance generate a control signal for
det er m ni nG0PYeTiehiaxigie sennsor Iﬁéﬁ) gh\iawfrlablme:apedatoq: kemprising arsetd aftspacedt o t he
trailing arm 118. The he ensor. 640 has a, vari abl paci tor
conpri si ngStaladaty RJL“"%%%‘LE’EFWG’Q‘P éﬁ?p‘fﬁeﬁ@égt ﬂoﬁé‘%’lﬁéeﬁe%‘?q’w% di sposed
a set_af nRygabke Rl t@ﬁlﬁ@dg@‘b@l’cumﬂﬁhTh@Qaﬁ&fa@pﬁt&%@@%&éﬁ?m@d b8 Baif bf CUI T
642. The stationary plates 644 are fornmed a pair of opposing

seni - ci r cl eppoding semi-tinclesneds, yath each sarhiecitvdd ‘vﬂgnmm@nn@d to @ sepuidpler t t ube

650. The semi-circular plates 648 are mounted the support tube 650 in such manner
that they are spaced slightly from each other to effectively divide the stationary plates
644 into a first and second series 652, 654, respectively. The first and second series
25 652, 654 are electrically distinct. The moveable plates 646 have a sector or pie-wedge
shape and are mounted to a rotatable control shaft 656 that is mounted within the
support tube 650 and connected to the external shaft 160 so that rotation of the shaft
results in the rotation of the moveable plates 646 relative to the stationary plates 644.
[0100] In the preferred referenced position, the moveable plates 646 are positioned
30 relative to the first and second series 652, 654 of the stationary plates 644 so that the
gap between the first and second series 652, 654 is approximately centered relative to
the moveable plate. The space between the stationary plates and moveable plates is

preferably filled by a suitable dielectric material.
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650. The sem -circular plates 648 are nounted the support tube 650 in such
manner that they are spaced slightly fromeach other to effectively divide
t he statiwoaepopBates 644 into a first and second seri esPEFAISOHDE510
respectively. The first and second series 25 652, 654 are electrically

di stinct. (fea] OYEIRIG, B Be8mifibaiaV R Bit2&GERLivOlo BL SeNErlIEmsShang and are
mounted to a rotatable control shaft 656 that is mounted within the

support t idseolBB0o ahangsrinbeightiof the tvhlaiclexthe entginad bzeft 1 60tates théradntrobt at i on
of the shaft sults in the rotation,of the.noyvea | at e 46 rel ative
Co the st BTTbasEP s Rordha ek Bl el md b EPAER B B PRt B oot 11 on,
t he noveabh@sdebad 6546265 dFQsii cRbEd: @bkes.chatlicBotifg bheesidov&timaed second
series 652, 654 of the stationary plates 644 so that the ap between the

first andagacsmie seissed sempcirgdar plateaihe eappeitanes gn duhseies @i pENat i ve to the

noveabl e . . i . .pveabl e pl ates
s ©oref B PP i RAEE, REMRERD b OGpeal R RPRER MR AR 5683
PCT/ US02/ 3&oh@ seridd b platdsn Tapeatititiends inadpddit@nderiaird1atod tarhemlaeBithdd &t es
relative to the vehicle frane 114 in response to a _change in height of the
vehicl e, thecheighi shange 28 iy Quitpetrdrbyt the B8ishtienty der e in a@yptingshe height
correspongkﬂglvyéhicygji ch noves the noveable plates 646 relative to the first
and second series 652, 654 of sem -circular plates. As the noving pl ates
cover 10oor 024 FEE. 2nillosteatsea fifth eafbodmmint heightdeasor @ tesyrdinpgeo thepaci t ance on
resul ti capacitive

that series of seni- circular plates increases, ng i .

di f f er ent il%ﬁen?)%r.i':ﬂ]’élﬂ(etthg%lr‘?traﬂérpg%gour@éggw TEIES, dhe IEﬂ‘lgl'_ﬁls ‘?Sé?g 94($ﬁé’° i fference
I'n capacl Hﬁr@&ﬁy do‘ﬁnéc_%écﬁfoecﬁe hﬁilﬁl@e‘anm%! Tlﬁé@e%d%e thgﬁt %b&hﬁémﬁ@ﬁi&gt%dand I'S

out putted by the height sensor for use in adjusting the height of the

vehi cl e. 30thjrothe 2jteror@f thoair spuireg 2Git Blae keight Setsoerbdimpniges Aepgig sensor 740
accordi ng inventign. Unlike the first.through f.ourth enbodi nents,
t he hei ghpfageeisoravwfoo qesenﬁgfmn%t‘?éét(?tt#‘?mg@?1%%%? 8E{hteg9rtﬁggng ?Qiap ng arm 118.
| nst ead, ah@h&giogiin cNeaEd iAeipsstdPZRbBEle altishith20.hA fleRite vatabRf the air
spring 20. The height sensor 740 conprises a spring plate 742 having one

y nmp . ) : )
end conne&sBEr{/g4ihidxedd the springadatef/42.h Eheflpxiblervapigblp gesasier it 'elnot her
portion c . -0 St i i nQ: . i
Dot ot e RPOEERRLAEEOCRIEREOR 3. Plretcdlo. Sidk6TRS Rioh s inthbbEXARE,
vari abl e refeiesteerTheSlaxdhlk resksterWid4andedesesistaack asnt geteat.! in U. S. Patent No.
e flexipble resister 744

vart s 1 10iBY le st e Heribie vebutefeoria T anansies ISTRERRRe { he
flexibhe vprkahlsed RSbaidfly i€ 48 FRARGLAS tHd SndBP bEAGRRRhatd ih/ihd €Sponse to
its bending is used to i nc% cate the anmount of hei gh?ﬁchange in the vehicle
rel ati ve wvehiglerdpyecincearefrogriceipositiofoForskamples as the hekght béthghehiole t he vehicl e
changes in response to the loading or unloading of the vehicle, the airbag 24 will
correspondingly compress or expand, resulting in a bending of the spring plate 742
and the flexible variable resister 744. The change in the resistance of the flexible
25  variable resister 744 then becomes an indicator of the degree of height change.
[0104] For consistency, it is important that the flexible variable resister 744
repeatedly bend in the same manner. The spring plate 742 provides a base for the
flexible variable resister 744 and aids in the repeated consistent bending of the
flexible variable resister 744.
30 [0105] FIG. 21 illustrates a sixth embodiment height sensor 840 according to the
invention. The height sensor 840 is similar to the height sensor 740 in that it uses a
flexible variable resistor 744 which is wrapped about the coils of a helical or coil

spring 842. The coil spring 842 is disposed within the interior of the shock absorber
138.
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changes in response to the | oading or unloading of the vehicle, the airbag
24 will correspondingly conpress or expand, resulting in a bending of the
spring plaD®2/P4683 and the flexible variable resister 744. pChaSonsasge i n t he
resistance of the flexible 25 variable resister 744 then becones an

i ndi cat or 10811?%%&?)%&% bt ebEplis AN S Eerior LR 4k ik i CABSLBhERGYned T 1S

i nportant that™t I'exi bl e varrabl e resister 744 repeatedl end In the
sanme manneto. anfhwedies b oglipdea 46 Tubdh phiohicdeadaa piawa shait 3#d.evhith elko bl e

variable resister 744 and aids i the repeated consistent, bending of the
flexible v%fftP%{ﬁ|t@f°Pg‘§Fh§t08?’ef78?f%: Cfﬁf@% s e W$ppqd iﬁ%‘ﬂ%‘?‘é?lsg’%i xth
enboph ment ,s}ﬁ@t' mtana%amq SO REERN t@'tlﬁ@c&v@r geand JHORIRE bR attabR&d ﬂﬁing ht sensor
840 is simlar to the hei %ht sensor 740 in that it uses a flexible

M

vari abl® reggesportiofi 44 thernytindér34w apped about the coils of a helical or coil
spring 842 oil. .sprin i s disposed wi.thin the jnterior of the
shock abs o(‘%ﬁ?ﬁlﬂ%}%@g@f 6%9 égﬁg‘ﬁ}%@?f %ﬁ%%@%@fﬁhy Fcb%%‘flg%‘ﬁ%eng?{oc Kk
absorber cpPmitEaSs &k AlRE bRk 14 etees fdtivehathe vehiBvealt Y2mesieRg to and
overlies a cylinder 846 fromwhich extends a piston shaft 848, which also

ext ends t halsagter eoner 844 eaciigaeptesTlative(q the hpusigg &Upto compressps 6xpang il t he

pi ston shaf. 3 : oV, L..@not her end
P tached t ikspid 230 MEE HOAS EOReRbIARNEhe e Ry hAREAR 00
sensor 1840sdnutici40oths bsadiag anthedldxibl¢ daiubleci@bistyr 744 tinkthb dleipht sepemsM0 740 in
that as the trailing arm 14 rotates relative to the vehicle frane 12, the

shock abstFBEyIndlg/Rsistd 420508 87 PeiPaitiag asignat thokcarerspends ko thsitaighisae t o

conpress o drihs, | 5P bRE4 843meW,L,G. bends the flexible variable
resi stor 7%12_%&%2&\,“1”%1-{% teﬁfe\c%%?gﬁt 10 seng1 r 740, the bending of the flexible

vari abl e r {408} BIGS/ 422 aad @3 tilkestiats gietversh redodBdkhit heighbidehsori HOabarthiag ght

sensor 840 out putting i gn that corresponds.to the rel.ative novenent
of the venioant e discindbe g SRR Aok S0 beie) o e ety D3

i 'l ust [at epdwesy BB kEveATGHbIBMEnt 1R S kerRBNU ardidfle & APEHbMmehihcidhe
invention and also in the context ot a shock absorber 138. The distinction

15 bet weensenp@ &@veteha sprbciiate P2 ivisghin plensofrthe 40il spring $rE2. shbetspring |
S odi hot abt "240 i . 947 )
ebodl Ment IS SRP A oS b A RSO B S P {R Sl RPfleL " Pl ace

of the coil spring p I's"retained wthnin a separate
chanber 64&hotbab®ebdrn t he cover 844 of the shock absorber. [0109] As with

the height sensor 740 the spring plate 942 of the height sensor can 20
have var i olfd09hAE it brighl Ssepdd0 thecspriag sl 142 oHbe SpehhyTpIses as
di scl ogpd i fetRfous initially bent shapes. For example, the spring plate as disclosed in the
height sensor 740 has a predominately C-shaped profile whereas the spring plate 942
has a half period of a sine wave profile or, in other words, inch-worm-like profile.
The profile can just as easily be an S-shape oriented either vertically or horizontally or
multiple sinusoidal waves.
25  [0110] While the invention has been specifically described in connection with certain
specific embodiments thereof, it is to be understood that this is by way of illustration
and not of limitation, and the scope of the appended claims should be construed as

broadly as the prior art will permit.
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hei ght sensor 740 has a predom nately C-shaped profile whereas the spring
plate 942 has a half period of a sine wave profile or, in other words,

i nch-wor rwbiokeg@sdf i | e. The profile can just as easily b@caruss/sésape
oriented either vertically or horizontally or nultiple sinusoidal waves.
25 [0110] While the invention has begp,gpecifically described in connection
with certain specific enbodinents thereof, it is to be understood that
this is by way of illustration and not of l[imtation, and the scope of the
appended cl ai nsl.shouA didpbeighiesmntrobsystesn fdyacasiiepsias suporig oy axde (1360 | |

permt. 22 W2 02/ 0%2{383 PCT/ US 2/%6510 CL%I%/E ]a'f A rifge hei ,hfP_controI
syst em f oY EEHRIET G &R ST A atye tg?g‘v {138)° tart ?1%15;94%8 nt-Engagi ng
wheel s 1 elrafoihegsli Of theWehicke!r6ladélid e gfBun| @k Bhdpendor EhBpediee ride height
of the vehicle relative to the ground, the suspension conprising a height

sensor (144) that senkpeghtsepsorUidébiat seapische curené veldrlghitdedwight andyener at es

and out.put__sj I tative . r iLde. hei ght; an inflatable
air bata (ﬁf%%%é?gg%&z%%‘&? %er%este ﬁ%tlggﬁgtﬁgﬁgﬁ%é{dsg llg@ﬁe wher eby t he

i ntroduction and exhausfliatehle afr bag (1340 opardblyrcooplidpcthaaklebag thewdhedses and
decreases, respectively, the relative distance between the axle and the

vehi cl e t ovheaghisthe intrduciion; s xpauston ef ginto andorem den AlE BagimCisres §i zed air
(304) Tor deRaldd lleﬁgeécgf%érw,gg% PfaRlelaifBfe R M add Bl Bl BRUASH ' Vel Y

fluidly coupling t to the source of pressurize

at nospher ehd eettitierwbyeight r oduce or exhaust air fromthe air bag,
respectively; characterized by: a valv ctuatar.(222) coupled to the

hei ght!%sensor and t ¢ OHE®S: P%sur%gmé§%$ﬁ°¥?@19& 1 &qﬂf%qg,,ag eives as

input the hei ght sensollveQyiPUWor sdieiRklAMddlys@bEetd Mehy Hagksdq8ulhe val ve
between a neutral position, where theair bag 1s not fluidly connected

ei t her t o dfipecsswinedeirafr apnespbencite depreliyringpduce of pehaastravsivbrartbe ainbig,| |

posi tion, vvherteeﬁh,ehai I b%%gs, fluidly connected to the source of

pressuri z&gPEF 46 PPRETOdIc® air to the air bag, and an exhaust position,

where the air bag i s Vil ShintadQ2ZDRREFkE D e RINDSRBET dite texdaust air from
the air bag, and thereby adjusts the ride height fromthe current ride

hei ght'Sse ipyhe YRAVARGHAT recaiyesas irpU e heighé penercouipefesicnabaaht . 2. The
compr i ses eGantt DS TRTERRERCRE R ARk VTS DR LS. “Whorei n
fluidly connected either to the source of pressurized air or to the atmosphere, a fill
position, where the air bag is fluidly connected to the source of pressurized air to
introduce air to the air bag, and an exhaust position, where the air bag is fluidly
20  connected to atmosphere to exhaust air from the air bag, and thereby adjusts the ride
height from the current ride height sensed by the height sensor to the reference ride

height.

2. The ride height control system according to claim 1 wherein the valve
actuator comprises a controller (240) that is programmed with control logic, wherein
the controller uses the height sensor output signal in combination with the control

logic to actuate the valve to adjust the ride height.

3. The ride height control system according to claim 2 wherein the valve
actuator further comprises a motor (224) operably coupled to the controller and
connected to the valve, whereby the controller actuates the motor to selectively

actuate the valve.
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the controller uses the height sensor output signal in conbination with the
control logic to actuate the valve to adjust the ride height. 3. The ride
hei ght cowbroelo@yst em according to claim 2 wherein the valpeg/usazidsas or
further conprises a notor (224) operably coupled to the controller and

connected to the val .- s t to

sel ectively algf uat g‘ﬁ?ﬁg\é@g{ggg%r%%?é%?%féfgé&%%gg?@%#%%%vﬁeg%%1 Ye The ride
hei ght coffitntlelr cemptiesnaadaior ghrh( 1t pfaricahmcBnghetheisoutd ef pabsueizéd nir hear
conprises an inlet r{ .(.214) for, connecting to the source of pressurized
ST o afbaggtsa P i F e s bt da e O BT B o e
port (220hus&pRee! &t 4 Rtat#IEVINE SlfrenBdF 3Pnd R AL e&it@ ﬁg&lsuge ekenmat (273)

having a control passage (286) that 5 selectively fluidly connects the air
bag poft telectinely Hiidly gonectpihetaibagyoatisttheintat papson therexhaust port gpon he
rotatabl e etl erree%th 5. Tﬂle Ei de height control system according to claim4
wher ei n t A& SEPPREC LEHSr i ses a val ve housi ng (202, 304) defining an
interior chanmber (260) to which the inlet port, air bag port, and the

exhaust port arse fl aindleteipneciemd] sfent Aecordidg ihek@hl vaRRliA te w¥e em
according to claim4 wherein the valve elenent fluidly separates the inlet
port and tWHEhes cpRREesHofave hpusing 4203, de4hdafigring wointerior ckamlbe @Bdéor ding to

clLai m 6 wanel Beblie: YL U paChBTEI hocRiART b 4 QurALig.APUt TENt agal nst

t he val ve housi ng pressuri ze ride I ght control
system according to claim7, wherein the housing conprises a first wall
portion (262) for om Whechledrigbhdmtm] syston dcavading poclhinod whedtd jhetvalyar ti al | y

define the interior chanber, the air rt and the exhaust port being
posi t i oned <G h@l%h yepprajgs the ﬁ&’??’&ﬁ?ggl%oé)"gﬂ‘és':ipﬂ’ftet port being positioned

on the 5 second wall portion, and wherein the rotatable val ve el enent

conprises a di gk (273 ridd d¥ightcdrtios bysaif a6REAREH tOEIRRS b Rehesdifl e vadRNect ed by
a peripheral edge, the first side of the disk abutting the first wall

porti on askmepes|Biased inthecading abalgopbpgaing dhe tdve koupiag Sy thopiesawded he second
side faci the inlet port wherein pressurized air entering the inlet port
bi ases the disk first side against the first wall portion to seal the air

bag 10 port and exhaust port relative to the inlet port. 9. The ride height
control syst em8accorliingle height entmoBsysasml afaordingro cleiomPy whdreig the st ati ¢ di sk

272 ositioned between the first ortjon and.the rotatable disk and
Coua en’t Bousias formBess Stnst et pefion 1) 6Bt WhiZh e SRngs sesgnd ol SRt te:

(264) to partially define the interior chamber, the air bag port and the exhaust port
being positioned on the first wall portion, and the inlet port being positioned on the

5  second wall portion, and wherein the rotatable valve element comprises a disk (273)
having first and second opposing sides connected by a peripheral edge, the first side
of the disk abutting the first wall portion and overlying the air bag port and the
exhaust port and the second side facing the inlet port wherein pressurized air entering
the inlet port biases the disk first side against the first wall portion to seal the air bag

10  port and exhaust port relative to the inlet port.

9. The ride height control system according to claim 8, and further
comprising a static disk (272) positioned between the first wall portion and the
rotatable disk and coupled to the first wall portion, the static disk having an exhaust
passage (274) extending through the disk and in fluid communication with the exhaust

5  port and an air bag passage (276) extending through the static disk and in fluid

communication with the air bag port.
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passage (274) extending through the disk and in fluid comrunication with
the exhaust 5 port and an air bag passage (276) extending through the
static diwkoangse8n fluid comrunication with the air bag pemtuso246sWO
02/ 096683 PCT/ US02/ 16510 10. The ride height control system according to

claim4 wherei md he fpiQle &Pgﬂ%bﬁﬁ? 52%619%9&51%3@'&12&3%8\)&&&?1 thdotrl ve

el ement conprises a transfer gear ) coupl to the output gear wherein
act uat i on cofprises amowputrgetA@s) arlicho utlyeelegear commises h tnansfert gear (3%0) t r ansf er

gear to nove al v et ween t.he fill exhaust 5 positions. 11. The
P de hei grboelsilin B iur B SoRs e &1 e FORD ks A ctthe bt or i s

rever si bl eyiaok rdthes gRnkahetet %dar ePBioat e vl k& the fifl ahH efhaudi rection to
nove the valve into the fill position and in a second direction to nove

t he valbve HOgttienghe exhaust position. 12. The ride height control system
according to claim11l wherein the sensor output signal is a voltage

signal . 13 They i depfish ahl G000k SYSLEMAGHRNTLNIL Y WlRlm2 wher ei n
the voltage signal carries €l ther a’ positive §ign or a negative sign and
t he contr ghéter isusegsiblelad shegponabllethepeyatd thgendodnal firkalidetiet 1 mevd he

direction of qgperation _of the nmoptor. 14. The ride height control system
accor di ng UP‘?)V%[B%&W the fﬂﬁ%(fsgior‘i‘ Fgen aéﬁ?ﬂntd&“leé‘iloq@rﬁ?wgémﬁ 1te theai nt ai n t he
vehicle r%ﬁﬁmﬂﬁggﬁﬁoﬁi the reference ride height. 15. The ride height
control system according to claim 14 wherein the sign of the voltage
signal is indicative of the vehicle being above or bel ow the reference

ri de hei ght. 16l2. Thelheirgls heeghghontead nystemn asyatmmtackondil righeren teai m 10
wherein the outfﬁg.g&ﬂr i S a worm gear. 17. The ride height control system
accor di ng ‘EH O PHIPH 2R 2T 48R& e 8hsor s a transducer (144, 440, 540,
640, 740, 840, 940). 18. The ride height control systemaccording to claim

17 wherein the 13 r arB@uRrheight dohttdRyste@ISEIrdingas cRbh @2 caRasgh traRnce
capacitor, or variable resistor. 25 WO 02/096683 PCT/US02/ 16510 19. The
ri de hei ghioltaghtipeal caijies githes dPOPUIVR §iS0OT QINEEFH VE Sidetndithe eopiroblenusesl | er i s

programredyd 9ot fledloftadd \Gend? i &li€inlihdhetic8n G ogelifioh S B SAGR:.N | de

14. The ride height control system according to claim 13 wherein the
controller is programmed to maintain the vehicle ride height at the reference ride

height.

15. The ride height control system according to claim 14 wherein the sign
of the voltage signal is indicative of the vehicle being above or below the reference

ride height.

16. The ride height control system according to claim 10 wherein the

output gear is a worm gear.

17.  The ride height control system according to claim 1 wherein the sensor

is a transducer (144, 440, 540, 640, 740, 840, 940).

18.  The ride height control system according to claim 17 wherein the

transducer is a light sensor, variable-capacitance capacitor, or variable resistor.
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hei ght. 20. The ride height control systemaccording to claim1l wherein the
valve further conprises an inlet port (214) for connecting to the source
of pressuwpDz2eMI@B3, an air bag port (218) fluidly connectred/uiso2/1dseo air

bag, an exhaust port (220) connected to atnosphere, and a rotatable valve

el ement. (273) hayi norR: QY g cBARIAYAckARENINAb cRikal wRdbiehy f1ui dl y

connects the air bag port tothe inléet port or to the exhaust port upon
t he r ot at icontroHertibhpragoammeadicemeiataie thel viehishg rideieighr abtheirefierdnet tjde cont r ol

system according to claim?20 wherein the valve further conprises a valve
housi ng ( % t304) defining an interior chanber (260) to which the inlet
port, air bag port, and the exhaust port are fluidly connected. 22. An

adj ust abl e hei gif. sUFRENE Kt @EntBo1\EOiEG RcordMFRG chiMd Wikeraix ke (A36) for
carryi ng ground-engagi ng wheel s and adapted to be noveably nounted to the
vehicl e; durbeigiompsisasey infet agy (2 b forsensesinglie tha sopecgof peisswized girde hei ght
and gener at . | r tatl ride

el gnt: - ants oy o 8 Hi B conh 08l GELEED Akl hot [ROTENERLAR TF

vehi cl e whemeipherd, Ard & ndth@ble vhlvereldnsht €XIBatiatinga cohtralipasdage €286) thaom t he ai r
bag i ncreases and decreases, . respectively, the relative di stance between
the axPe afifctivey Fadly cennegts g 3k bag prat toBR Hetors gdo Hisi FReust POta source of

pressuri Z%oﬁitﬁe #%} Jf%ex‘é%‘?aﬂl@vél%lﬂ@frjeﬁgat he air bag; and a valve (116)

for selectrvely l'y coupling the air g to the source of pressurized
air or atnosphere to thereby introduce or exhaust air fromthe air bag,
respectivel y; chlar actleriidedubighy comiralalystemacterdingrio (2 ROohetin the alvehe

hei ght se and the valve, 15 in.t.he .val ve actuator r ives as

oot t he TERgHOTALHEL VY pettg Oa oo el frfi FRtbelBE0 Phe vai ve
bet ween a wigidh iR inROPbit] Dbag\Molt Bnd ke eRhdusbpétt hie fMAdly copueet ed to either
the source of pressurized air or atnosphere, a fill position, where the

air bag is connected to the source of pressurized air to introduce air to
the air bag, ard anABRAHHERleheight suspensiisios 2 (VRRCIS) FORIEPIRS connected to

at mosphere 10 %gaga'émgt?,%% f?r%ﬁm)é\gg%ﬁu&ﬁ%@%ﬁ@eﬁgégﬁﬁ%}%d @l rom the air

bag and thereby eri e current ride height
sensed by mhtveahbi mhtntsdtostbe velidde; The suspensi on according to claim 22

sherein the val ve Lurther  SouprLoes, an Lot ROL: 3kt 98 Gameeting to
5  and output signal represéntative of the current ride height;
an inflatable air bag (124) operably coupling the axle and the vehicle whereby
the introduction and exhaustion of air to and from the air bag increases and decreases,
respectively, the relative distance between the axle and the vehicle to adjust the
vehicle ride height;
10 a source of pressurized air (304) for use in inflating the air bag; and
a valve (116) for selectively fluidly coupling the air bag to the source of
pressurized air or atmosphere to thereby introduce or exhaust air from the air bag,
respectively; characterized by:
a valve actuator (222) coupled to the height sensor and the valve
15  wherein the valve actuator receives as input the height sensor output signal and
selectively actuates the valve between a neutral position, where the air bag is not
connected to either the source of pressurized air or atmosphere, a fill position, where
the air bag is connected to the source of pressurized air to introduce air to the air bag,

and an exhaust position, where the air bag is connected to atmosphere to exhaust air
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fluidly connected to the air bag, an exhaust port (220) connected to

at nosphere, and a rotatable valve elenent (273) having a control passage
(286) thawogeloeass vely fluidly 5 connects the air bag portrcrasohessinl et
port or to the exhaust port upon rotation of the rotatable valve el enent.
24. The SUSRERR APPALHRY LBy iugiRd AR ¥haSa8id o A8 YA MGide Weldher

conpri ses a val ve housing (202, 304) defining an interior chanber (260) to
whi ch t he sehseiddty thoheighdensdsag port, and the exhaust port are fluidly
connected. 25. The suspension according to claim22 wherein the valve

actuator conprises controller (240) that S .programed w.th contro

| ogi c, wherein %?}Sﬁe @%eniurs%ﬁnglgp aﬁ%éémtgﬁ%cﬂaérp&%tw eéﬂ]gél}en%gg eptxéj\]ﬁfth%ri gnal in
conmbi nat i aampirishs ahinlet @oit(@14) FOHobnéingas tiheadoRrdevE aMadnvar bee gt 38) t he ri de
hei ght. 26. The suspensi on according to claim25 wherein the val ve actuator

further cdHidlyseBnectsriodhe gipbap, apgehanst Roit A70) sepneeied Hreatewspliess.1aad aand

connect ed .t he l.ler t.4at . r to

sel ecti Velr&&ga@?%ﬁ?ﬁ@%%ﬁmg%@?@%%g{gjhl%ogxﬁjrali é%sé% %ﬁ@ tg%jsusf: {rlrib§¥ ﬁg{/s em

accor disng doansdtaihmathagtpertad thetihket pomboto the splidusEraupoaubativn gédie (228) and
the val ve el enent conprises a transfer gear (230) coupled to the output
gear wher éPitabia YalYs 81551t t he notor rotates the output gear, which rotates
the transfer gear to nove the valve between the fill and exhaust 5

positions. 28. e SHIPERSINSdnACLRERALNY clafin Oba B hRIRI frthdle motor s
reversible and the controller operates the notor in a first direction to

nove t he vempsisena valvebodsing (20pad¥) defining dn interdorsbembet (@60)gotwhoch the nove

t he val ve .i m]o ihe exhaust t%si thont 29. The susgenfi on according to claim
28 wher ei 1 FhROLENENE RLe prAt g ieghatist porkarg Rpidly soaneefednal 27 wWo 02/ 096683
PCT/ US02/ 16510 30. The suspension according to claim?29 wherein the

vol tage signal 25rriHs ®kpdheion ac@@8ink ity €lagh @D wierdin fRgalvevRusit@n and t he
controller uses the sign of the voltage signal to determne the direction
of oper at iSGHPEFCS heo F (24Q)thatrig progiaypeied Ve oEst @Bisg Wheted) AEm 30 wher ei n

the contr oloh@bidrSisedti@ H{!%‘H SrQutfi: SN BALYRRLE WemthdEodith Hlic At = a
predet er m r?eg lfl]éi gsgﬁt %}%& essuélggdnsiltggn gccorcf?‘ng to c?alg%@a%%rei n the
si gn of t hetuatw thagelveso gdjadt thesridenlehiglat | ve of the vehicl e bei ng above or
bel ow the predeternined height. 33. The suspension according to claim 32
wherein the Omj%".] t aersuls,gen%on%éorpdigg% claim 25 wherein the valve actuator

further comprises a motor (224) operably coupled to the controller and connected to

the valve, whereby the controller actuates the motor to selectively actuate the valve.

27. The ride height adjustment system according to claim 26 wherein the
motor comprises an output gear (228) and the valve element comprises a transfer gear
(230) coupled to the output gear wherein actuation of the motor rotates the output
gear, which rotates the transfer gear to move the valve between the fill and exhaust

5  positions.

28.  The suspension according to claim 27 wherein the motor is reversible
and the controller operates the motor in a first direction to move the valve into the fill

position and in a second direction to move the valve into the exhaust position.

29.  The suspension according to claim 28 wherein the sensor output signal

is a voltage signal.
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34. The suspension according to claim33 wherein the sensor is a

transducer (144, 440, 540, 640, 740, 840, 940). 35. The suspension

accor di ngwoo2obassn 34 wherein the transducer is a |light ®ETI02/16510

vari abl e- capaci tance capacitor, or variable resistor. 36. The suspension
according to clgj m 28hieidhion W0SrAARLS lahfnolher A A Uik TaI Nt aI N the
vehicle ride height at a predeterm néd helght. 37. The susSpension according
to cl ai m Z2midsenibena positiwirsgrersi magaiiee sign andibeicnytralianusasgpesigh ofitheonpri si ng
atrailin rm (.118). pi.vot.al upted.to the vehicle and carrying the

2l e and YAl ke Brrgife e AREROREF drpstbRatR ingloEa " bet ween ¢ he
trailing armand the vehicle for relatively noving the trailing armto the
vehicle by 5 tite i nfhcdukgihsion aBedriakit®blagh 30ReheRdiR tHRRIoh g er3S

programmed to maintain the vehicle ride height at a predetermined height.

32. The suspension according to claim 31 wherein the sign of the voltage

signal is indicative of the vehicle being above or below the predetermined height.

33.  The suspension according to claim 32 wherein the output gear is a
worm gear.
34. The suspension according to claim 33 wherein the sensor is a

transducer (144, 440, 540, 640, 740, 840, 940).

35. The suspension according to claim 34 wherein the transducer is a light

sensor, variable-capacitance capacitor, or variable resistor.

36.  The suspension according to claim 22 wherein the controller is

programmed to maintain the vehicle ride height at a predetermined height.

37.  The suspension according to claim 22 wherein the suspension is a
trailing arm suspension comprising a trailing arm (118) pivotally mounted to the
vehicle and carrying the axle, and the air bag is an air spring (124) positioned between
the trailing arm and the vehicle for relatively moving the trailing arm to the vehicle by

5  the inflation or deflation of the air spring.
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