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r 1a'd).ng gtAir with, the- dam~i(I any/) iocked'. ThI-s lkye ci f sh iir~y s, ' 6'n-ret ,;
to. as sttuctural-;torslph Wh~. -Wlth type fsiýry~e cdsgif~~ti b

F t~e tIre' p~l mepiss'

If a previse mbhraieid rpinO h hbikqv ph nrenon 0erA it, ped, it-
woulAd Inyo1,v~ Oltinnrty vhtiaies, 4iht 'sioliltibivv"' the prcAli1e. niA-int~erfpretalIdon o-f
the, resbtaJýs wulxd. be!:,Oe lvpi~act~io IT aot impbads1ble. J1owever, the 1'uhts
in th..- 'so] utozion Ate Auisxe ~iely to, the niimb~i f, shd 1fet a bedaii;
that sorne of th~es _ýt6 ir&f sigrdficwznt than- dtharp,, t1!q pr~b1leuL tai6:,ve s-,in lpTiod.

Thrcnt reei's e-"Jort hmirve tcen p"'e '1to~coip"I'h t . T~he ald Jii~i'ai'on.
_1 *nridlig the ;ai,1a ncrn &Arw coinpoxierit' can. ;b -im' 'S ý-feondqr~tcqd .tfo f .Or, i 0s

4riii g~hfu1-li~ d btv On vefa4-14 -LviI i-ca"I r _Sr-a

Any thebry 4Vhieh.,,ýgrovdes a 6-ýhe :~s.~ccitq'fs!ýIvmy n-ot.ran Mis to ne -

tjjz/ast -0 vy.q 100ecr~ r toO-rict-xA td li~nja r oasesi. -e .g. jvppndx. :I*_. Non1i-near

* ess~ia1I 'iten~i'Ur~ ~r f ST vorei0. ndn mid, . ho~ *~ e v ctire~t~~n

"jti -ureserm. corf-ý'v u. sb '~ 1 n~t ytr res'IatJi. u ý ii :,rr citte 1Afo.-
~ior. jib'it these vomp'.Ier' Irnt rs pts-ute.yne *,my.. 7h-.- accnravy oý I'h pfeu2"eldon

of zhir.&,nv by - '!,a1-j'nswTE 1ýcireaqed~ -iioc ccratro' corre~ponduiace bplu*ýO:n
the - hr1 x'- odn~iý awi Lh reedl wen-'d s tmi. ceraljai'nd oi aptývox,--
rn!41on is z'etv~ims~a-hu ;`vl 4nc e- ~ ~tn o f a *4 ~se rha bv e -o, e , p re s ..,
in the rmQdc4.ý

iin'nrIys- osurvci ulky Iur on~r'h.£wi

o fejLi1A ot ýv ~trbo 4e , -, 04' tale pp! 'Ltu-

o t~eiPe~tor '~1 wlr-4niiie ani6 tbe j~ear .e
0, ut)h rvlltýuie 0!, eXI~ qtA On 1¾ i moe :w rf' Zkt

- h )iectvý t t -:1 a.;iq~orb' And~j~ jf4~~wv Oarhe dp nc of v-~t e-~o Te Int~rci~ L&se emL e'! LAiJo'v 4

bec r AI;ra11y rlriu d. t3:~ 0 n 0o tivic ! , t:drs~sip Lh tr0 t ntz~

ana e~u-tici -niL -b& '0ý_jd d 'j. o 'itMoa~(~ t's tilvlt a
d L'tet m(ýe.hat o~f wooztn Trit I'n II ý tht. J.-;nrT *w tions, Ikur~
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4ehtertained this Idea. Fbik exanppld,, Pacejka ()oniestenria an lsticity
~-"of thne t'rarme inq his aminlysis. IRefet~nte 3 contAins ýseveral, sifntler 6odels-to ,enable

considerat~ion -of Wnertiii and 11 exIbi lity.j

~Thd goerid1a equ'ation can be expredse& 1mn the- Tbllcii~llg, form:

iihee ~is largely determdined bky the excit-t ions trarinsmitted. by, the gear structure,

Th Mnpler, vertsions, cons ider, the nli-Prame merely as a rigid .mass. A ýslight modifica-
tion of this ýis a versoio whi-ch considers the arI'raxie in terms of an- equivAlent
4unped paramnter ayt' t shown 1n the Tirmfdt -belo~i. '1111 joint P represent's the

,tahetpioi nt of the equP.ivlen-t elastic -eler.,ent and tbe olcoo. K reoresent the
omibined elzistL Wity6f 'lhp oluo and1 the 'torsl ýtl oLasii oth ueA~ e n

11- are lumped' airframe t s s 6s . Trhe equation, of xrot 'on car. be tý "2iqpo as Volos:

Considering- the forces on

and. fo r X 1

*8Urdlhr three and 'Four 'ieere-C of froedo:mi rodels are dtnusw&ý by N~oreland (3). 1 n
general, t'f~s tisp~oe ts tre-tcd11 qul te wlell by thei~rm structurail J-naMicists.

Attach.ment. t~onsider tlonn

'llie hi nge:; nnd uni vers-l i:t re gorll r-priasentred an levelopring no rotaitional
st-ii'Vness in deslired d'.re "lons for bo-.ir~s entering; tho.3e joln.1s. -he *itQ,.hmien1N frnmie

Is ;cnerally simplified 'b::, vye ý,zie eomplex shape members wi81,h Itjl o
czircul ar piincs. "ine Inner cyl2. ndor is genra]y kdle~ili~ed as -a bcuwith the bearing
P sAte Conhoettl io1SMItL 9-nal nL. o:' r Uiber ol' s,-inger eD.rments' (itxlal load onl~y' per
bearing plate. Thls- ro', LC tes- Ive irooulred X1 earltneelle, aý, well- "ISprct swivel
zr.omaentZ t-indCcr Prom *.he A i ntr i.. o~ uter c':l~ixdor th'rough *iytycnin, other tha~n the
torque .1,Inks. Tho 1%indink z;e'"r stýa"tre is some~r~ees ex~&dto in, lude 'th~e land"ing
L~e~fr support. hc-,m wUifle isp 11QvxC -d~pindat botin ends. 3the' ".1pport. j.intr, ro.ty
1i68111ue the -eaxr znnr emi: oil 1.14 r-ninlol l ifrr. to rot- 1t ibout the tr~inconterline),
the. sidle ntm-t Opex ('ree 4.o lnt.t 1n he pltne of thc. side strutý), and ;,he- actuat.or
q-tppor". (-'Orpl. 01 f "e( vrl.' i~...itions nr..- Also easnegitis due to,4 tile preSen1Ce t
st~eerin(- syste-!r. "on nos S',n ý'jxq i sr:aered -main goalsr) sh tnering cylinders
,ure i~nefll da~~da,.'rn(es

' A IocinV, las used,, With -onidokt Re~ sr, f~h nonolept or inq3,uen..c coefficient. 1.
ev~dP.~g stur~~jr~ iniu&~~ Thu loeIlny tosttn von-isted of mounti~ngý the gear

1111d. 3UPPOrt beu'm in !i tj1i~2o1 ~dae ~ dlcizs The data was
~1otvd nd ~duC~ o 1:1A~weoe.'~int~ .'~'fcieit.loadiiiý conditions were

t, ., Led to pt~ii Aac Ck, n hs nd~. ra thp dato' Is quite accarata.
The da1 ohtala(A froz. pl u t i e mou e~ls p ro~v-d Or t~e, btcst eosmprio q .eledaa



-obtained for 1.his test.

In A-ddition 4,o its, usd-.eT the sfli.YiD\V- anialy~is,ý thbed dta caft -.also Ptovide' A-bdsis -
for- developing a rnathei:.atilcal -modejl to de6tedrm ine the, I n4'luer,.ce ýcoeffllnc
"Other landinP, ceats,. Moir61wrd was tfte 1i rat tto su -est ~the -use of the ýtransfer

funcion Pproach 'to evalitnt-idn, of the structural influences, althougd eree
Included, it In zny. of his analyses, Thi6. apprb-a h still11 bnerits considnrafion.ý

'Presence 6,11Fte~play

I -e o he preence- of' a iaire numzber -of mo~iing and, restrai ed :suppott p ints, ani a

rather severe imp~ct and vibr~ition en-.,vir~onmeft, the development of 1-reeply at
some support points, such as *,,he iruninioni, iý niý h..

lbhis unavoidable fredpl~ly hns 3 signi. ficant effectl upon tV1idmagn;1iazue--(f t4h~ er
bations which an otbhcrvse l andinq jscar cbri tolerate.. Luiading Gearsiiny

specified f'reeplay in-te~iC fwre anid` dft, -e*1nd' r otzaipal -dlrqqt lonsý were

Trai St~ilitnt~or D;e-'b1i1

Severa~l invios7t41gtors -have con,.AUdred. the ýbhittlbutoz-61A of echminical ftrai3 11,1
1lInd, inG, g~er' sh irra-. !The derLwlt1. :e O't t~hve Ceiti-tcrd rf4J;n~:10 it respe('t

Qo t'he tra'I -eerr'11. &,in, bo': 't'c posli-. ivo or. neti~ vO ~h-as, 1£ol1.0wsý , h'a'
l-ncremstiC Qiv~h t rilfv, e-% Vror% ol"'~ cts mqr~e vx bte;S d~lrpi-ai' 'WMoh W211 f.epend
upon W)I relnf,11vc'i,;n ma tdcsý Of In~ fiuer Ifin i va- 2o& bi. Ocm2,tplei orela'nd

-, "'rail, of" wheel Tixle- lj~h, nd' !3x Ot r&P~itlt**O'N ýOf :ýWivelý

C Torsiohna dan!: bnZ4 0offt'Tocflt

tw;ýropd- 1!-, v wo .-unl -"tt

nd il t- on shovf'1 -]7 4fAi



~ l~e~s~i pcsib~ fo ~i1 vu~ f tail the reau'.~ dair jig usuaulylhcrea~hs6;,,ot tarta-2 itio a ximdfd thereaftdr, a#pxoap4Ln~g zero -asymptatl cal. y.,F~r-vaue. d ii~ria raioslight]ly sbove unity -the, rainge of -d-aptng for! stabilit

$iiIIA.Y DA IPk

hi~~~~~~~y~4 dapri ~tn'iaec eurenent for iiverting the occurrence o~hir~'.T)~~in- ~s s~h, oweeris ot.acetn1 ziahs. for avoldirir, instability.
The ys-stem stabili`t-y or l imit cycle can 3be, 'psured, ovpe, by use of an appropriat Je

-! ndp azrldarunt of dtirmping;. Ahalysi's -of the 737 ma~in lsarlini gear showed that"Wboth
cxcs Li',nd -d'eficjt -d nn'vinig woiid, ve"v in an ,unstable sear. Mhe choice o I a V2

dnzr.ýdr i1s :lot rec~imernded for till configurst-IOns.

Ahay,ýing U.6 stlab~iIt y o f a, tyr-icaJ. lail Indlr getir sy'stemn hav~ng a damper in serie,
w 'h ýhe torsional cns'lclt~y of the st~r-t shows -that bolhtpso hzn~ a
~occ-Ur. Vor low, dampiti, Lire ypw sh'irar~'. czn ocer with the (tynamictoioa

an, ateexnl _.cprine ch1marcler.sti-es :)I -the- rle- -or 'tire ciust.-e" asý -the -efofectlive-

For dh-i-o nni the sIri.' eri(,4mnl 66;e o. ,' the is~ sedn become u'datle. th Usuably it.-rofn;l-ý,-a ove~ialy ,~ prig~ e~ anacýrthes erto, , Lol sis nreX~v4 rn u r ste ; n -tr Atog
unsro o ',nyh qieasto ýof gea~irii -L sabiiliy, 4 hsessaren

v-'er- pore e'erI t-r e hoso urde.,,- dteitrilt haentfun-ao wt hreacers.Thi. t. UiCr f~i'al IC eaueh -!td rx h ealyslni~ re 'how ever

[ oth necesor;neYfy hetir~t qfthe phynt Lc.-id, s.the'c f~ -.'.. o crude esnon- inot weq rel

iippeci 'itoes- byi W-,, anarlo : miv2~odLAI cei. ~ hoee,~h ~~t~neo
VEn id ivionthe cnr'iý-Thianarxis .. e !-e I- )caulthe, the~~ _rsf- s1I

stain tze i 1eY oV 1, Init d(-I nt thv:0e dynar p of-Q q(~012O )a.l ~etose- , ~Ie~i~d~uir~o~~myT ;to:e s'nbJ ~ "C"fLy d asses an

Tlnýii as i alo.'1 ki-o "her l't~rhan -pi: Ye~rn."~rio w-c .o o

nc6d*rpor-~ e z~~l.':y cin ~apprp-av ofth Ired codl o In th mh=ý an arejli

in. lei e 4'ýb~.Lt e-y o l fE~is o ol nV .r o n

m. 113 d'o iurl -o 1 lo;ij n m ut 'l~r is rep c~e ted as



'* lrgely based on iparan ters, which can be reas-.ured easily on a' stetiohoryý (nion-rolhftg),
te. 3orne low speed7 rollin,ý data are also :added. These piiarsmeters and the associated

mather'.btIcal relotion~shippsiare, however, uiidobtL~I.idly or,,.: gross -fpplain of~ ihe
P-,-dimental v~echanics 'To r, ro11in g pheuimatic 'ijresajpoiaon

Iie. table shows tUhat thye iynp-mvements trade to- the tike etquations in, cotLrse of timet
a re mo-b conjecture than -reaJ1. kepresentat-ion of 'the tire dynamics. In som~e cases
verhiýs are. added, merel- Lo, zeIT rancel, or, inli~uencesý are added twIce 'Inadvi-rIIdt&Pdyi
Several of the tire pae'rsused are rit1n dpeiet of each ote n eedon
b. ibr~iety oI extermal eoznCddlons such aps vetIczb -load aml rolling velocity (7, 8).4
Eveh So -cal-ed "dyn&nd" ie' -4re parnnmeturs obt-ained from vibration .tests on stationar~y
tires are -c siderably' di lTerent from~ tho66 ohptained' for the rollizie tire (9, 1:0)-.

t.iterfeoiost:thaproach tlms far ,Vor the representation of' the
11Ire has rasiulted in .Znideqwutte represen~tatioll of' the exciting forces which arise
f ran the tl rd Contnett 'area.

Cnsider-Irg these'linear zprl~rn. dnrquer mobcls fýor tire representation, the f'oh1oixng
jpaxrgraphs o-utline týhe al.i-niff1nance of ccert~a~n tivre pnrsu,ýeters upon, gear Stalt'Ulity.!.

'It~ can be ýeeddl.y co firh-aijdki, lmwoir, til: t these cotl(:lvsjions a-re on!,,, valild f'or
,!.le mo~del used. h" on': ono' of *.h,.Ž paranxtet(ers 1.s not constardt' but depends on other
vqriftabes, this fort. wooild have to be, ta1ý,dn inmo corisideralkI.on und irpdil 'fld stability

eriter~w-il or ~'

iLiit'ra2. and, _ V'fidbs of the Tire.

1.ýiteruJ 4, ;iw e.rc~i s.c s~ppiiificantly aff'ect shlmrn~r frequency -and stibility
C t1 . for t ;z' yM shiury:~. Generally, inereipsed lateral 1;ýe stiffness ~ae

ite -i:Yre st'l *or hIs 8 p of shiiriy. Aa*Iysiq indi~catus tnutt Increatsin.
latoer,-l sItTricis J6~ eqtdil~ent, 'o 'tireasing, the, dianensionle,,s drumpini; of "Ihle

tziO redticing -l'5 irq~i' n t~he c-pse of stirur.-tu~ral torsion shb'ifm', the
,ffopncY is, n&o; cl.II.; ft an4lý aflekt- Lv t~ire prareters. 'Die stability- boun~iaries,
hoiwever,, are grnoý,Iy iniut'noed Lh. L ire sLtiffness.

The ttlme c'orist-int of 1' 'hew tir lso hris tt rrajlot, .tnflu-nv 'on the tire yaw sh m~i ode.
ncr;eastll,' lits vnalue u1u1,ý h1 a 1"s n 1;It'.'r~I~i*_r ei'lect . PhAt itv is tiv. coiA'inationof

1&erl tf~~s n.d tl:-e (onstanl of the tire whi eh re-l) l' deli inus thle -taLnilitly.,

- iETime ý6#*4SrMvt



T.~ neumatlc TPrtail

'Me rdeuzi~tic trail 61' a 'tire' i's Another, factor int~Uencing stability as well as
frequdnay, N i6 neralý_-ed stite:'.ent can- be). made about the inflUenceI of thiý
Parameter' on, shimrzny. Only the combination of other tire ch r.,c'tari~tirs and
lpn,ýunatic trail will define the 'stability cr~it~da and' shiirjr frequency. Cbhanges
I.n the pnelmatic trail characterist"ics oil the tire, can chmnge the stagbil-ity in 'a~i
direction depending uPori 6thcr Parameters.

"To our knowliedge, no attempt has bei~hmade to cor-r~J ate this analytical modo-L with
ect'wal tire, behavior at 4h rolling ppecds, coutifolling and r~eaauring 9ll- significanrt
varialbles. The cbrreltion of' shi-rircy tests with afiai.:tical results using. th-Is ti 1r e
moanl can fiot give anyI vW2 Ld conclusiomi; beca-use teo& mIrany other ~partR.eters,, which

a.ohave beeei higlily lineariz.ed or 'who.;,i values ar6e uncerta;in', are masking "he

locts !Aike these o'~fer fue.r'her proof - iri the tire a,.-; its chiaracter4istics have, an sig-
wl P1 ant e f"Cec. on1 atoi i: s Well ts 'i~m 'requw.-wy for With ty^.Pes o',f shirlat~y ('1 .,
Only ti acuate representaý i~on of '.he ti4e will aljow P. re].iable pi-exdicton of
shlirim,- st'abI'thy, of' s'''n~igga ys Len.;

To i vpov' "he 'accur.a'cy of Lhr~Ict] ti're rep osan 6tat!on- used in slhinýy
arinlysls, two ajpproavhes seer~ to be I easible:

a. 1Yil) scale wel -- brit rolled t.-i-re e:-perfinentz; and th-: u3ri vatio, o1f
" rn f&Un £ :;,on:;" f'or tilre motion and forees. This appio~'Ich treats

" ~~tho tire qii a "black box',"

b.D~opetof a 'Are:rd)del bssod on a *.ho~rouigh amalybi-s of t~hd tlire

treating it as a 0nre-d1.mcf~sW116l stru'tl.Ire of' Some kind, 1he~ yi'niLe
leni-guh ind ,lid wh of' L~lf contatct . rea. as we]-) as th-) stllfnTess o*, : te
vnrioos Limec:poet would' hbive to be talkef into cornsider"ation.

'he, f'ixst aPtiroa(tO will~ nrovide' n~ Iire model Imred'l~qtely apcb.eto )6,ndlng geoar
shimmiy arialysis if tt!Ats -ire conduvlted properly. A series o.' tests wiill be requi.red
for each tire sn.

The! '.seeond aPproneh eoild lie b'iseo2 on the dt~ta riveai lbie from. the first one.Atr
ha'~i;'sut~hda ~itl ad 41 -r r. 66odc, tes' ) Lnij can be- considerably reduced and

uiA~t b re~1:rct(Ž to~:e~tirn ,rili'icmt tirc paiýWirmeers on a stuitionrzry

Iand'ingi Coar slimV~ n o'rplo r iozlesar 6ei f'-eox~itatton phenoriencon. I.ron.tm~
discussion above tbe t,*ollow 5ng cmx be com-Iluded.:

1. Thle variouns ilitorf.3ws of, thie l~Ind~ Igt~emr are r'easoniably well tuncerstood
nxcent for' fthe dynix proper'.ies .t.'e



4<7'

2.1, e 'rsit fsmlfe(aayi r )yVld15 h oe osdrd

2.The iresdibi-ty of suchiie analysis care only beid 1o~fthebydevlopcngsmderls

tbat irore closely, describe real, qystcrr bdehavior.

-I'nvk mK) i"''

-With I e s e Tait.? In rrInd, the fo2J oving- st-eps pshoaild be undertakin. ýto lmpro~ve the,L credib'iVi~y of~ 6fdjr~r atalmis reuls.

2.. A 0-fs'rfnto ~tpoc ro~d'**e adopt'ed to better aiccount for
strucuxill 6 as

2-, A fri. abr. iidimtry-vide ptor' i shoit d, be wid ert'Wo n tCo deterwdne the
-- 'dyzgwiidc 'behavior o;' tires. Y1-4ch a test pro~rani is Outlined In the

a~tidcled- apperidi\ 2.
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D ~m-up or tzP60sm1.' iyrzA,' I ,ýNF ~A7U- O

T n' sr'ly zind-nnd n g "seo dni 4xpfi-uA ~ui~h as, Eqimmc 6r Oi~bi4 f1andl-ng, -theýý

t £rcl5s as, .w,.VI fsý vrohehts orig:inat-thg, in thvý tiA"e f2oprnt 6ari r lerd 6o vh
tvrCr ~ ivot. Urr -! t~h r-qisfet or grouid in cnccs ki . acdountteod , Tot pro, perly,

t hýI tirrp to -be ad a c-1ted f a li ired tbrin-~n.e -rrllel Thcreý t; no datai
avallahie to esiab~l~Ih the 'eoujt1Ingy termsl whi-ch. accoA~ifl forý £o*,C'0-or vespons-ei-

in ovderýto astat4-lish~itrei~-iculn influenc6 of chanos toin place an
L ~ ,l thret.ed~t~udednr'l 1Cjý! &nt~lfr unc!in Io as

proble3-. 'In other vori-s, by var,*ini: Rp-rietr in gh dir 6otr${Ye iur1)
it iis~t be pdrssIble to nses65 Whatever :nr~luenvee:; -arc- trnsmitted in. tom~s of
trxiagia. forces, rwor~c.t%, and ihol.Ion. On the other hand, virijat,'ns -o*f 1nputs it the,
axle center B3 vill, ciu.-e reuo~sAt U1,e footnrLn1t, ;% This app"voleh o~v developih6
't-rnsJ'et fuinct-ionc oif the -'ire durIN4 tdhe -entire (3oImal-i 01' opevrattio:. wo~ild provide

asntiskmetot-y baris ror futre ~ rsks. Chsconcept has uievcor be',ri utilized for
tIre, dynb~mles alt-hough I n coniT ol dYnamics 0. i used routinely.

the 'apliýt~ioti, of 41 thS coactpt for br'ke dýyncumcs hKis p~mvidc -,d 'valuabl~e too for

optiini.'Anc- ba1e sysv performi'mcc. ii-,ue of trisz Qlon'ept fror .lres ýind stilrmv-
will'tio dotibt provide a goo insrli't into the niature of' the norvl1i:caritirzs tind mfl5(

The end resul~t (Int-i) ivory re-.tilly 'oPpltcalble Lo com-plex Landirw Gear 'stern problems.

Th t~U sh a t'Ible two-way tr,?nsfer ftnict-lon, the tire -ýnrinb).es m~ust. be
tý.(-sured- in the fiOot'Ptn qs wel no,~1 st tno -i ~ suorf ,5 re alale

rauiet~t th-ý qxle support it, ; olf I1j:-re I wonld, include three force components,
~hroeý nor.ew-s n-juncjTh th rep nxs !) well as the axJ ' e di-splacemeonts In six degr'ees,

of' vroedotr. sh ntu~~a io: t theC %X2le support Will MvIi)1-17 Jnn- .Lal in- cn s
Tt -1.n z-cco(-nted-J thi. -alf re~sin the foot-print. are r-ore diA f'icull but some.
ý~sesrnt~nt J s :ievesszkry *-o vslttl lih 't! re dynan.Lc response. '.h tVootprin, deforimations

1),n~ býleiisured M, us-ilw rbd~ tr~tnmsduccrs mid higii s peed photographiv. It is much
e~miser to apply known inputs to tile fooPrinit nnd 'mssess h eut t ~)ie h

* !.xle centeUcr. Tho t ire rectponni-s Pare hi~rhly bpefed- de-pcnde.1t and t~hus, All tests should
'be run for ri r~anieofpe,;cec- w vclocj~Aios .

>In order to asses-:s i~hp cozipilin(: ef mv~proci-:,j th~e vaz%,kles sh c be Vlcd- only
on~ntl a~ t1.;c anc. n -iJ1~ r dfopctide;t, :mtnnetP. For oxfan;ple- the vm.'ylng pari'ztetr

"(1011d be varied as 1 *imkdn sep or n~ rxiup slirmsl . At Lhe outset v.l one it-re
su-e neod. 1-e com-;ldercod1 I-t -ýqr1 blos s'wc! as " read. deslign, ".rend St~ock slurfi'cc

di senmstes,-~Ll threc rnalor it. r,ý. d..nmric respio.nses, fl-st: ndepenuie--nz of e-achi
ot~e.These9 'Ž

Prkk* ezos
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Once iftdiviounlzrespqt~sss are ýestablishsmd, -it will- bi- des~iroible, to investigate the
various co~ g eIT"cts. -hslast .Aspec is ie mnportart -In order to establish,
the validity of supettosl ti6n or lack~ thereof. Al tete, thtee _ 4na c tests should,
be conducted 'on, both -dypw-ornetefs and the' INASSA, oads ýt rack.'

- PPOPO:5Eb T.FNTP OUTIMNE r-O1 '.bNAIM TIR~E tkMT

I. Vertical LoAd Transmiss'lon

The dynar-Ic response of ain aircraf't tire-to ehanhSlng vcrt.cadl loads is considered
to be the 'easiest. Jyrsaut'c Property too investltate. Vertical load ýchanges aind
defiection variations- should be -considered, ýsepiratcly as inputs.

Vdrtical: spring rate, wheel Speed (roll-inE randius) and contact, areai shoUld be
evalu~ated.

It shoulid be -,,xplored whother rmvingý the tuire canter up and dJown while rol] ing on
a f1ki' surl'ace will. rezal' In ttbe snmll %1+.,r res;ponso !I vhen the i~re is excited

b-,a, certain PavOermCnt profilrn wi~th the tire center held, at const-ant hei,;It..

*-.'he Inlluehnve of. averace load --nd vnluo of del'lect~ion t~imltude should juso be

The Ldire, I r~he 3ponserposldq pr ev'Jcitx1, reor lack IwIlreof Speed ba:e, cheack.~v

2., rcv1ie, lorqe Fpdi.s 'anse 'op~r~ ~tIn

Vai ýe nox s14enc nd t.ry oqu n oqea iftdlludo h~ri ershlsofl bn atud -:,e VidK t~~ho uLidit f'h sbeeoito branke l chqte-wkd 1;or struspI ich as input'..Il

c. 'orntat rea.~spn

1;c IWIVe renof]nndi v opeo~ iwapohsould bo v. 1-e cori, ),(, pn 0.haiken, towelArd

t~lis t;-Ppe of L~cxn. .veryal '~iri~ti~es should ice considered is1.uuq
:;uw amn;,le, stberL- 14 iliio "er'll '-otio10:, 'mI'n $I,.:t forec'. %galn"n 11pa'?
Vj r~jqL.1oI tens ýhu. ~ Qrt 11'.11" tI flu 1.1 ".Ir h Jo) 110t lxrIou e any -eurbe
sild~t-:, in the .,ontaet qirrc-. 1.1 toren, mm--t'sL ind moiomsa ZOUtL 1(; rccovded
as ootjt l ! u1.lýW!,, *z %,:10 Oo~tprlrtt dAp'crns or s.-usoidu' I np'ut th&'
whole j' ~nyrtI ~~h )ult t'e sý-O'ercd rti: i'ozv'~ro PjoCItjt%5 the
3s3POrPoz.i tion, prIr a-~~ i1~n.'o :ev~~s(Zd w1taci

i'll*, Vtrlolls cm *t i x t :r... fer~~'b~okld l o v~li. ~i n 'aiditioll

he Ir:~ t(IC 0 o 1Iv9. I h0 1- bi'.~ I~ i'~i] e~o 11,,A



ft.A~tC TESTS

"~' 3tstt~tire data also ieedt to be xxpdat. si siey ue yL~igGa

Designers., It will -olso serve as a useiL'l baseline while establ1ishing coirrelati1on
betweeh dyndviaic ( flat suirface as well as roAd wheel data) and, static data. 'M6
To] lowing varibuler, should be nmessuted.

1. Vertical spring rat~e

2. Mtdral spring rate,

3. For* nind ;af't spr!inL rnte

Is. TorsionUl spring rrnte

.. r~eiy 12ng;th

C.':ornerlnt.? power (;o.- low speed rollinr)



E: 1

~ is-no t~n ineat~n o t~spapr t~ vdev t~he d'ilfereritial equtw-ioii esa!
to deýsc i-~i tie whol e litnd ei-ng ~e~r s::st-di for Atudy -f itd instEability -crit~er~ih.4TWin cdn b& 6oýde:tensiveiy;ý in thM peitzinent lite6r~ re :(h--, iii)..

FOr_1 till- -take of -compU-., ness, how,.ever-. a full set 6,f equations in F~tri '
is. givýen in Table 1iL, Tnc~e eqiiations, describe a dual wheel l.anding g eir wit-ýh.
stýructural. dasnpimg mid -cOnslder vo-rotati~ng iuhLcls.# They rpent tfesso3i
Sfully llneari6d, 'foint.- 7hese eqqntion.ý are practically Jdentical to 3rn.Iley's,

mt-ions (12 )cexcept Ifoi the hyst~er(eis tertrns for the twire-marked by flag ma~rks
(12).

Thle origi'nal 7 degrees of freedomi systeir (3 ecrees of trisslat-iti m~otion., 3, dcgroee6
of -rotational. vnotion, I degree Of tire litte'rhl delfo~matlozi -h . been reduced to- ai
five dogree of' Txeeior, system~-4tn wring, constant forward~ velocityr and vert! eel load'

4,~nd rzeglectirug aiV d,66rce of fi-ed1om in fo r6 nnd a~ (x) and vertical direction (z).
An,, coupli ng between 44he varlot;-s modes o1f tire deikorma'titon has also been neglected,.
Thie fI irbtv tiree equations representz. the m~omrent. balances of the syst .~. 1kquations
It and. 5 accotint Afor the kin.~h~it;;e rohd~ionships. Miatprix A is esscntLally the

- eriimatrix oT tie ayt.I. B dni-r c contnin p Aryxscý6pie, teidfin§ oV th~d
'two- whoe(.ts as iwell as the- d'inpiniý- Wom~s, 0-f the tir.ýs a*nd shii't(ure. Vtrix E

renesetsthe einsticity.- o-,* t'i-ý syntern- 71his, set of opamt.Mons rcoresents a seilneq.

-issunmpt.Lon of;' constnn:t. veiocilv i.s~ 3pplied.

Any a,'Thility criterion app .Ld o 01iss~et of eq'to~ will, yield a s,,jUlttv-,
1.oundazry as a function of' fthe varions rnr'umctcrs used, V. 'will ill~ow sa study o.11

4.,otOMze %land si,~nificflnc'e of vfir-lous parn2:et.ers upon l.And inf- V~ear st~ibi3..ty.
Tt nns to be stczesed ngn;'~i:, liowoývt!r, OrAt thcse crit~eria, apply-, rlorotmly only
to the sytmdescribed l' te ou rLon andi not nee?(essarilz to t-he actual 1landlng

gea~r.
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DF1rNZ.1ION DF T.lARAME I-M.- tl IA~ and II

-A~ Itntekal distan-a betlo-een the two- t4re eenter, p)anes

C, lateral dtlýpino coe.±'riccnt of tie

;tor.s Ional damotIn; coof ficient -6, tirc-

tir con'tant of lq'.ter tirelt7 - (C,.- drti'h c6efi'Piclnt of tl re

C-chargc- I,, lateral.dcri~ o-f c~qtter of pressure in contact area pler

C* chznrg in Vlitatz-Q dls'nf'te of tentr 0of preoustre tv corntict rFre~x per

C, umweý In lteead dItý-anca of con'er of presoimix irt vont'.,rctw are per
riadiun -or' wheel, tll,

f T orce,

ltera3, Frond, force o,' tUv

di.inZ 1iu W acor, o t' hirx~y damperw

-~coi~tyIn rpiowc'r ot Uire

?k half lenjý;Lh 6i' cont~tc'tk sr, tl tre,

1* (,J:~)~,~,B) io~ 0ts1o "Iet".I t OT1i o'the swiv("1in, -p~art, of the lancdini, gear
I4~ Iflrntof in *in one Wi~ heeit aind brak'ý nsU boix ts jt ýxl

.c-teec'y ir-hoif

~ (ij.~1,ie) i~rw~oiP 1.ar41aig kear i;tiutre

-foti,- ind ,~ rn; oi: ot 'ni~~iyL ~

K4 tor'.J;;rt sp"1-in:cou oC su tI~onirv Ltreý

LO 4-r'l. l 'o-Ž pi.'Ji~, ;.ý
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