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FulI Paper 

thc stampcd m a 1  configuntwrts a d  modm cast armd lurgcd 
durrrinusn d h y  rims of d a y ' s  modcrn rrhldcs [Srmms. 2000). The '. ~nain kiurrs md noknclaturc nl modern ilumrnobilc rims are 
shmvn in a t4 ~ c ~ ~ i o n  of thc rim In  Figure 1 - 

0.0, Odcbuami . D u t h r d  I n b r d  
Dcprh~nrcr~r UJMC~WJJ~C~I E~imitg U ~ I S w s ~ ~ y ~ l b u d a ~ ~ ,  PPW I. . - . . Bead seat Hump &ad Seat 

I MI& Mwiu 1 
Outboard - / Well I I -Inboard 

, Rlm Flange , ,/ Rlm Flaw 
.SO. lgbudu 
hpnmenr 4Mzrh1ii~zl E~yimrrir& Ambra* AIli UnIwSIcy, 
Ekpmu. Nlgcriu - DM- 

Hat 

ltlnw arc eswnrlrPt safcry erimpohenrs for orupparr. srtmjng; 
til~~l>iliry and break epstcms In wwtnahk. Au~~~lnunb dq rim, arc 

a ctuninudy used In the aummobik Industry due ro thcic du&ty.. . 
+ l i t  ,w+ght. high s~rungth. ~ O M I  h r : ~  conducrw, twr,  m W c  , 

and amhcr:ics charrlcmisrh. khilwwwr, thdr stru~ural inrqky. 
unckt diwm crpenlting condithns is nor ~wll undcrsmncl In this 
study. thc cambind d c t s  of static lo&-duc to \myhgk~to&llc . 
\-hu and tyrc  air In t la~wn p m u m  OR the mtddiqdwament.t. 
Inn Miis d principal -in of an duminum alloy -, 
nurotwhiic rim (Toyom 6.OJXlSHIET, C M S l W N W )  w ; t s  

irr\.vsrigz:ud using n commrrcidy mv:d&lc 3dimsiDnd h i t t  ' 
&mcnc crdc .in FEMLAB' 3.0. Thc rtkru of thr tpding >mpditioa " 
were iar~srigatd at rhc @nr d mnwc af ryrc ivih rhe gmnd; 
~~urboi~d and i n h i i d  bcwl w~ts: and thc ~ 1 1 ,  Kwul~s s h o d  that. 
miiluua dci'lrfcion u~rurrej at rhc i n h a r d  bt;ld awt, t\+illr r h -  
mmr xtrcssrJ PWP O C C I I C ~ C ~  nt rhc twit, lncrcasr in '~ununabdt 
\ueighr :lnd tyrr inflution pdssuec tcd to irrcpuwd s t n a  oi stress and 
suitin. Ths study pmridcs brsil: insights in[&> rhc scat mfsr~ss in, 
alu~rlinum dhy r i m  un&r divcm tcr;adingmdlrirms. 

Kits pw cwntid mCury cornp3ncnrs for ssuppm, sracin8, 
H \ L Y I $ I I ~ ~  1n'd bnrlklng sp~cms i n  uutap~~bdg. Thntc ace Impatrmt 
~ r r u c t ~ l d  mcmbcrs or rhv \rhirulw t ; l ~ a ~ n s I o i ~  system that 
supports thc s2t2c arid dynamic l a a b  cnkwnrcwd durihg hlck 
~,p,pvmrLn (Grit. 2010). Automohilc ritw hb;l\'l: etvl!l\~~d ovci ~k' 
J~rarlc? Twr cwly spoke &g@s,d \\,or-d and srml ddms. cruryu4~m 
fman \v%un and kc)& ~ T h n ~ l ~ ~ ,  P ~ I  ht S ~ W I  d i m  mdfirmlly to ,  

alter - 
Pad C I K ~  

- .  n IMetlbn 

'Chr global wtrri.m for rcductlon In g m n k  p emlghns 
jnd th  id &ate chmgc of. efic #,.om-pmtml 
1895) is a mafir mrnpUing iwur driving rhc auwmobile iadustry in 
thcr~df~m tn ndw wclght oT\vhTclc in adrr ta irnpm~>tbc hd.. 
efficiency. Hc~KY', light nluminum alloys m ~ ~ m o t l y  enjoying wider 
~p l i i ;~duns  in the aut~mbilt rndwtcy .(S~en:nms, m). In, 
p~rticukr, nluininum &OF r i p  are b m i n g  incrr~ingly pap& In 
pur~mt>bllt rim mmufacrurc 00 n ~ ~ u d t  of numctous adwnragts 
o w  P ~ X  w m h n  amt -1 r i m  \vSlIch include d~mbilIry, light 
wight, high strength, Ipcld heat ~ n n r l ~ r ,  wmr rwhmcc and 
w x l t ~ ~ I c s  aartburc~ (&urns, XW). Aummobikt tims M d  In 
comp1cx mrnncr md arc highly srr+h.iI md t b f v s  mFmy &w$ 
mmlmnents. Hmce, f&trc pcdormance and the state of stmas in 
thc rink undtr m.;lrlzrus I@ng crmdiths nrc pdmu mnums In 
rrhIclc design (Stcarna.100P; Cerit; 2010). HisroricnlIy,-suc~cssfu~ . 
daigns arc xhiiyrd ahx ,p of cxpericncc ~ n d  cxtcnsitt T& 
rcsrig. SCYCCI~ inno\vEivr :mcthds cd testing md cxpcrIma~d 
s t d  m u u k n w a a  h ' l r  h e n  dcvrrlopd C K p  and Mahnig, 1976). 
Itt mmor ymm. C ~ E  p d u r e s  ham been+irnprod by a variety of 
cxp3irncn~d and nnaIpid 8mcthods fuislruc~ud tlshlysls (Smma, 
21M). Thc carliest putrllsh~~d tvprts spnn thc mid 1m#s and mast 
dknlt pdnhrilp \vith Tmpct srccagrh nod dynamic crsring of sreel 
und dt~~~lminr~ru ,dny whwk f s e a t s ,  ILXM). Thcsc mdyriwl 
nrcrhcds ZW Lnuwr~ 'ra bc co~nplw and smog chmmrkal 
bckgmunds na. ~quimul, \ v h h  thc rxpximcncd n ~ ~ h &  nrc 
twtly and t h e  efinsuming. To this u f l a  npplicurlon d numerical 
rm%hads such mi finitc &KICI-IP w h a t  (FEW) is c u m d y  gaining 
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iilrw gmr nd in aructw~l nridyb of ;lutomob*dc rims (St~tms, 
13crr9 Rihdn (1976) s p w  r h ~  linite CIcrncm m c t M  tudcn-tmhc 
rhc-rtrr~l nquinrl xrcrqgth, and optin*lln distdbu~irm nf w m  iwd 
smin tn a~tumbilc rvhwl?c. Mwirn rt ul. (1989: 1989), Tmakit cr u l  
(19871, Wright (1983) and kaw\*shim and Lshihnn (1989) u d  rhc 
linitrl ekmcnr rntrhixl r i ~  simulntc thc dynamic rlimts o l  mlti!~. 
cornering and bmkin~ Icds In srwl rims: ReRCiptrc. (I9851 P ~ J  
hlf,~%uchi ~t af. (1YSZ) pcrfi,rmcul n sr.rits of fniu: rlcmrnr n n u l y g  
on aluminum alloy %W rim big MASTRAN ro rttcinnalh thc 
I:itlgur: dchlgn. fvlorito p crl. (1987) pcrrurnwd a 3.Jimcnsh1nnl h i t c  
ttcincnr sr~css ~~IuatIon  Ft~r who& durin~ ~ndumncc trse 
h;w\xshira xml khihrr~ (1989) dtrrbpui :t q u ; a n r I t i . ~ c c h  fix 
cvduxtring thc i n M  srws nf rho *uromobilc rim. Konishi u ut  
(19%; JYY7) zmrnpr~d parumc~ric szudg5 an impact strcngrh 'in 
'alurtlinum whuuis.whtzc gphti ;~lumtmm dl* whc& or \ztdt~us 
dimctrsions tuerc wdyd. It uls bund J a t  impset smngh \\as 
chpmtrcriztd by rIrn hngc rhickncsb- a d  s p k c  rigidicy whcn the 
'rim Rmgr fdurc occurrml. 

Srudirs on chc influence af wrying r~dlal tiladine duc m 
~~chitlc wcighr. t y r t  hhrjon p~ssun.: braking and comcriiq laad 
ctl~jdiriarrs on rhc fatigue lilc of thc rim JWvc bc~n t hg foe* nnf many 
wwnrchcrs In a&r to asccrtaia r k  structural shbility and bncc 
tlu: dq? or aut~mnhi rims-during their tvorklng life spn. T x n g  
(1989) and jcusctrc (1992) inwailptect thc t yrr rim intrd1ce undm 
rdM loading conditina J c m c  (1992) studid chc 4fltcr. d .. 
inflation p w r c  variations, on the cpdrim Inwc&+c kwldrng uhd 
c~~nrtuch~I thnt ducing infldon p w r r ,  by half nduccd. tloc 
i~nplwxl struss In amc rnagnlmrk., W l t u  : ~ d  Klmlnrxz {f9?3] hnvi ' 
tcqmrtc.,ul r Finite clcmcnt d y &  af rhc dca OF hrr\y hhng and 
cowring m m u w s  on the ,mnnct pressuCc and shhr SEW 
drstdbur'was of ;*iwm&ilc ryddm intcifm. Cerk 12010) h;ts 
~Wcd un exprrirmmrd ~ d n u n ~ ~ c l 1 s i r n u l u t i o n  d dj*namle 
impict loding of n cast aluminum alloy w h r l  duc ro cullisiiln \!it h 

- rhc cdrb d rhc r i d  or P b i ~ & a e l ~ .  The wdt obrrncrl shn\*d 
rhtr ehc, muimum a r m  a c c u d  in tlw 'lug on ni thc w h L  
This \r.;rs primrily nrrribuptul to the kc char % hg ho1t hrhs 
p m u r r i d  campldW d kmguhddm In this q i o ~  

Srmm (2m) and 'Srmns a al. (2W) rrpaacd an 
. r x ~ c i m ~ m t d  and Fjnitc cIcmnt swdy an th d y d s  ul 

- rlisphanea~, smss and stnin dlsu1budws In 3n autmwbh rvkri  
conslating of m durninum allw rim [Ford 16-SHO sr)*lS) a d a  run. 
bt tyrc (P22560RI6). %c study e,valwred thc canjoint iriflucnccal 
statin Id due KO ty ix  inflation nnd d d  L&& dw.m thc \~hiclc 
wighr un rhr d i s p h c n t ,  stress md strain rdds. Aparr From chc 
works ol  Stun~s (2000) und Srmm ct d, (~004). limktd ~ u d l c s  
Irarl: h e n  rrpr~rtnl on the finitc rlcuxnr nnalysh oI stcuccud 
rkrfirrcrisdrs (dlspkeriwnt, stress and srriin disrribut3onr;) uf 
duntintun dloy'riru dcsigns. New d*ns of thw rtlns aw 
Jg\dr>prl on ~wtinuaus &is and rhe drccminntion of srruckurd 
p$t~rm;tnec or t h m  w k I s  is For eht'i~ g.dc (rpratbns; but 
~ h c  drysid nvcinc and inslxmign of thc \\hds durinn. rhcir 
du:~klupmr p m G  is timr' cnnsuming pnd costly. ~lrcnqok ir' is  
. imp%:tnr 'to d u c t  rhc rinw during the &rvlqmlcnr. nnd 
r,~ainy phm d nr\v rinls by using numrical simulation mi~h&s 
such 35 tEnitc ckm-nr an~lpis. Thc aim rd tlris ptcsenr study n ~ s  t$t . 
Jdrlnp a 3.dirncnsiond fin~tc ctohenr mrwkd for r hc analysis nf thc 
coniblmd cffcxrs or sraric load duc to wrying u u r c l n ~ ~ l c  wighm 
:~nd tyn' :lir Lnflatbn pffssun.s,on rite tntill Jiq11;~cctncmt. van Lli~ics 
strim arid prvi lr~l  srmin disrriburiuns i,n :I ncw #cncntion, 
1 1  clminurn al top zim~n~abilc - rhn (Tqnr'i 6.~1 S UMIm, 
~a1~1~im611. r ) .  - 

I 

A nrw gcncmcion, ;itmdnum dbr autnrnobi1; rim uyc~a 
6.0jXUHIET. ChISIXMrjcIJ) of If (0;381 m) diarnctw. 7.48" 
(O.iPI1 m) widrfi, 25s" (Q.ll68 111 j hub qxning tl~:~rnr~cr and W4' 
(0.0188 mn] hrdr F i ~ k  dkuwtcr, k,td srqt rqdius of I9.T [O.-iQ11 m) 
red hd =I wldrh of 0 .W (0.0215 lal was mndcl~d d ~ c  

prxrnrtric ckntcnrs ~ 4 t h  l ,$35,63tl dr~~.s-d-itccdllm WCCC' ucd h 
chc d c t .  The ~ncchiinid and clictnicuk pmpcrtlcsd rhc alufninum 
u h y  3003-HM rim rlmi~umrnadd in Tabks 1 and I .  -&lp 

PmFL'rv i'nluc ,- 
I'lluIlg's 1 ~ u l U s  (Pa) 692' 
Rriharnb mdt1 d1.33 ' 
hnsity (I@') 1730 
Thernt~l  r~pilnqiun ctwlf. 1 3 . 2 ~ ' ~  
Hcur crrpclty u/F) W3 
Thcn~nt COIJE~UEIL~I~~ J'Wlm*K) 133 

~ t r ~ c :  EhaLAD (-W] 

XI. wufudcllngthc ellcct piautomobilc wight on rhc rim 

Thc q*c*lMr hding  technique {Steams. 1W) was 
uscd to model thc dect of the rrhidc tvcight on the rim. The 
teck~que is illustntcd diagrnmmatidy in Figurc 3* . , 

T a M t l . ~ k u I ~ f c s ' Q r k c  alurrrbwn alby W034fI8 rfm 
Urmcnt \'slue - 
Aluminum Balancr 

, Copper. 0.05 0.2 
Icon 0.7 r n a ~  I 

Manganesf 1 - 1.5 
hmainder h c h  0.05 ma?c 
Remainder Total 0.15 masl 
Silicon 0.6 mnnr 
Zinc ' 0.1 mrx 

k~n: h~atcv-ial hprtj h a  S h  (2W r) 
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z* W 
&.a- 

- K V f  
(5.) 

is In unit land and r.ts.thr: rrdius of.thc b e d  s m  (03021 
'm), Norr9'iy r b  radius Is &mi;~cd ro bc nearly cqwl ro thfptn 
rdius. Dividing 4,, by its ukkh d' rha c p  bar cross s c i o n  
;Ifire's tlw cisntp~~ssiiv pe- imd , ' ..JI 

"; .- ~ r c s u r i  I d  = q,,, fb 
A 

Where b is thc ~*trtth-nf rkc ,b id  wilt ({WS m). T h  tnnt' 
tvc* d P q r  i s  l&ncrclq with ii tkmicd rcattitm force Cmm thc , 

fitad th~ugh thr-tyrc. This lrwl wnstanrly compressts thc whecl 
radially. Whilc the ear P running. rhc n d h l  l h d  becomes a cyclie 
b ~ d  with thc rtmtion nr;thr tv!wtl. Haw. thc ~i~aluaIMI of WM -- 

.;lntiguc strtngh under radinl lond is M itnyortant Fdomnm 
Fig2 TIM , % ~ ~ - r y t i ~ ~ s ~ n b b  {a) ~r~d~it~*r&nx.~ &I fi) t$thr a l ~ ~ ~ ~ ~ i ~ t r n l l  Ch.(XIEdSb Br arnlFrud inrqdry, *'ding SAE 
r-ia~ ' ~ ~ ' " c i f i c u ~ ~ a n ,  :I x\hLrt ~FLtmtd m~ntj i~n G ~ F U C ~ U ~ J I  jmqeiry withour 

,anit r r~cks nr plasrrc dc.iurmnr~~?ti fur nwK t b n  4 x I# m h s  
' under a diJ, KLI .~ .  Tbc tddi t t  load. Q. is exprcwd hy (Srcuma 
3000): 

Q=Sp*W Vl 
r . uphta. S, mans acttltr,xiun test iaaor-(5,, = 2.2). and W 

.' m r m  w~xlrnurn t p  load, Undcr it ndid bd. the srrcngtk of the 
rim usur~Uy th~crmin~s the fatigue Iifc of \whcieL-m the st= 
wdu&on is mainly. fkus1xI on the ndid load. The' radk l  $ad is 
appiid Emtn the ryn m2hc'rim t h u g h  rhc had s a z  rhrrcforc thc 
disrt.ihutd prcssw is applied Jimrly an the bcad s r a ~  thE 
wurnpchrn thnc tk,lrwtd Is qqmlly nc esraly distrhurdan rhc four 
whccls, rhc wcighc uE she aum&de: iii ~hrccl ro rhe ryrc load, W, 

- (S;~cxtrn% 2lW) 3s: -- ' %  

L. 

W, = W, * 9-8/4 , + (8). 
+ 

--- ' Whcre W, is 'the nutximum w hrcl: b d  and W, is the . 
'whurr, r 1s the d the hit, W Is the h d  1 m p , m e d B . f ~ 1 4 . ~ m u m ~ s $ t ~ ~ ~ ~ ~ ~ *  ,. 

~ h c  arlglc ahd qlniur is thc ~ I m u ~ i ~  pPlrlt l~d. The 9rQntitd- -'- . 
mm wcn ts of q acc in hlaoce with KIE h orher. Thc wrtktlt formi. - 22. Mdding the r);rr in&~ri&~r&~reon the tlrn - 
can g rclarrd w rhc rrrcnnrl lurrl; W which h cxprcrwd rsloII~urg : .- - urhg ingth mmllg penrio the cyclinlly 
[Stcarfis..lw): 

~ t 2 ,  
-? afcss duc to the hding  moment or rha r;ld41 load is suprimpo8ed -- . 

~ . = 2 * r j  q * ~ & e  on rhe cgmtmc st- g d  by rhc, cyrvatr pressure. From 
(I) .  omucmd  pi^ of view. F amssnty m precisely mrc the 

.u stww inductd by.&* tyrc-;llr pxswre. The-rya air piessurr: is  
- . npplrd directly m 'hc had seat and Widy to chc rim b g c .  The 

By Mnirt&q =q,* * em* 'and subStitutblf3 into a k r .  .. .Iatcc land, which isdimtrd tn a6 &~hl,dktion. b gmerdred byhe 
rquatinn (St-, 2CQO), . -. . : air prwm pming on rhc tyw side wd. this Id ilarirs mrd ing  

: to rhc t)rpc of qm, rhe aspccr mtju d the cross action d thc t y ~ e  
*# qnd *c &niutervqr strucrurt of rhrmtyre. The qkt l  mmponcnt of 

w = 2 + r 1 q.,.. cos' 8dd (2) i r h c  force Wp which results fmm the hhtlon of tht rytt Is 
u 

in~cgmtiog y t l d s  (Srcarw, XKlj t&&rd by rhc eqv~tbn {$rams, 2a00.): . . . k 

W, = 8 ( a 2  (l1j 
E3) : 1Vhcrc a, js thc dcsign d u s  of rhc rym. rr is Cht radius $ the 

. tad% p i n t  on thr. rim h g c  and P,, is rhc ty nz i&Icm p ~ e b s u ~ .  
Bwrlusc the axid lhd  i s  sumrrrd by the t n . ~  af rhc.tyrr and the. 

4 rim h5gc. spptoxbady, hdId tha Irwd is  maumd t u b  hdcdw A 

(4) ' pin, HMW rhe 1mii.dn thc .circumfmntial unir Icngrh of the 
. rim Hlangt is &u1;1~t?rl by thc force, Tr, r x p d  as (St- 2000): - *A,. , . . .  
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~ h c  combined cflccts of thc vaq*ing automobile weights 
( n d l  I d s )  of 4630.5, 5218.5 and 5802.5 P1 aad tyrt InjlaEion 
pwsurcs td ltf. 241 and 303 kR on thc di~tcc'rncnt, w n  Mises 
srrcss n ~ d  principal srr~in distriburims.*verr investigated qt 
wight of =+630,4 N rcprc&nu: thc nomnl wight pf a 5-sr~ccr d o n  
car and f ir= (5) pwngers. thc 55183 N weight eprcscnrs-the 
rwighr o l  rhc car pius-5 piljscngw and orie (I) exp-passenger. 
\vhilc the 588x5 N rcprcscncs rhc -weight of the- car plus 5 
pssmgtrs and C ~ Y Q  (2) tlrtrn ~ n g c r s .  n c  tyrc inktioh pmwfe 
d 241 kPa rcprwcnrs n o d  ryn. inflatLon pwsuw. \vW-llP and 
303 kP;r rrprmnts undut and over inftacqn ,pressuw, ~ t i w ~ .  
T k  wights and tyrc inflarhi~r pwsurrs wcce cornbincd into thnr 
I d n g  ~unditions: (1) 4630.5 N and t 17 kIX3; (2) 5218.5 N. and 241 
kR: and 131 5385.3 N and 303 kPn. Thc e R m  d thc Id ina 

. coohitians'~;crr inwsEigated at thc point of conma or tyre wirh rlc. 
g'pund: o u t h r d  and i n h d  had m m :  arid thtrvdl. ' 

2.3. tmplrsrd boundary eagdirions- 

To w ~ i d  @id M y  m o c i ~  and,tnsux mnwgencc. in the 
wluttorl. rhe n d a l  puinrsd the clcments'ut the ckumlcwflce d &C 

11t11t3 O( cci~m,br3tt~ xvcw mnstnirrd Immrm&tiond mrrcinn in 
rhc t h n ~  pqxndieuir dirccuoions [x, y, 2). = 

The int3ucnec OF ehe lmding condition on  he rcrral 
Jisplactnwta. wn M,iscs strcss and prindpd 8tk1Ib flclds wcrc 

using thr p t p m r s s j n g  and visualization modulc of rhc 
~ M M B  sr~ltivare. f i t  su~facc plqt ul thc-ccmwsccrion of rhc.:rim F"' 

.tdd NTLS mvicchcd to-the diKcmt fklds-showing thc f n d  
Jispl:tccc~ncnt. \.un Mias stws and principal strain at &<ficrcnt 
~ i n t s  d inrcmst an thc. rim. Thc drfarmed solid m d d  or rh6 rim 
rtndvr thc loading condition 3 is shownin QurtA. Tht mhur wp 
bhuws tcxjll displawmncnr fi~4d af rhc tim -. - -- . .- - 

3.1. Obwmacions ar the point oi contaCCwith the gmund 

The. influcncc of rhc firding "condirlan on the, c c d  
~ t i s p l n c ~ n t ,  \rJn Mises ~ t c s s  3rd prineipd stnln fklds at  the 
~wbt nf contJcr with thc gmund (W3601' c i p c P C u U m l ~ ~ ~  angle) 
slung thc rim width zrc shown in F ~ M  5 (q-<Cj:~'As-slto\m in 
I-igun. 3(3)3); thc m w  [inurn tom1 dIghcemrnt In_rh?' ri~n~mcurecd nt 
rhc inbmrd k ~ d  scot. w h i  no ~pptc.elabl~'.~Is'~txl:mcnc ws 

. +~&ncJ ar the disk hat. .-- - - - 
-- C I Y  
' .I* 

Incrcw in the radid had and tytyre innation p t c s s u ~  a . 
dcplcrd 1~ the luading condltlons 1 to 1 led to lincnr hcw& in tk - t d  d i s p h n n t .  E x ~ i y c  &s&icemcnt djhe ink-ad  W m 
cnn lcad w suddcn dildgcrncnt of the tycsr from tire dm and thus 

' lacllng ta deflation drtyre rvhkh may results m Bra1 tlccidc.nta. T h c  
von M iscs st- distribution tor rhc thrrr, loitding conditions are 
shown in Figurr S(b). Ak shot's. the minimum strcss,owuircd at & 
outbrd'kzd scat and hcr& to thr pvak at thc rlrn 'wdj r& dl 
r k  lunding cdldans.  For the l ~ i ~ d m ~ ~ c ~ n d i t l o n  3. the st- 
rcmaiacd mns~l~it %u& thc i n h a r d  bed scar. whilc it dccreasrd - 
for thc b&gcundtthns and 2. E~crc \IQS no notabIc Influcn* d . , 

I d n g  rnnduion from thc. disk hnr tu rhc rim rwU. but-nonblc , 
'~larhcian was nbrahed bcyond mrhc rirn well to inbwlrd bad scat. 
Thc influenu- of Ionding condition on the principal st& 
'Jistdbucbns arc sl~own ia F@n. S*). A similar paKCm like smss5 
field w z q  uho obmrd in rhe .-srr~in ficld.'Thc minimum and 
~ ~ w i r n u r  strains occurred at  thchboard had s a t  and rhc well. 
mpcccivefy, Tht rtmds,obtaincd i n  the total dhphrment. vnn 

, Ws.5 srrcss and nrinci~at strnin mrchd wrf~alv rhc obn*xians 

3.2. Obsrrvacion,nv at thc out board had w ~ t  

Flgurcs6 (a - c) show hflucncr of thc Inading condition on 
the mtal disptncrment, \an Miws srms and principd strain fields at _ 

- tk ouurhrd k:~d scar. shown in Figure ,614. rhc t~d 
..:dkpL~mmcnr \ g r i d  ~viddy along thc* c & u n  snglc. 

. ~oticcrtde pciks in the t o 4  drsplscmcn t mcumd ut 50"nnd 2 5 d  

.circu~n.€c~ntlul nnglcs rot dl rhc 1ud~ng.mnditions. The highrst 
' tnd alpLwmvnt \ms obtdricd for the hdng  condition 3, whih 
the minimum t ~ a i  d i s p k m t o c c u r d  at  20hDXor all thc Ionding 
cundidtma The hfluuncc oi hding con;ditloils.\~as pnxlomln;mt'un 
thr total displucrrncnf only k - w c c n  0 md !OD". fit \ w - M b  
1st- dissributi~rns Fur the thrcc bdlng c o n d i t l o ~ ~  a r t  shown in 
Figutr b(b). Ir an hc wen, rti:~t t!w s t w ~ s  \.;trial widdy along tltc 
ci~~~tnfcwnti;ll ~ n g b  NeticeabL: k r k s  similar to-rhcLdlsplammenr 
fidd rre: also obnified~t 51Y'for W i n g  condition 3 and at I W ,  for 
landing conditio~,l and 3. fhc bading condition 3.hd thc highest 
stn= magnitude from 0 tp 230"- hyand ~ h i s , ~ i n t ,  I i \ ~ r s k .  in the 
twnd was o k n d .  Egm 6(c) shows chr tnfluenm of leading 
~ondirion on the principal strain. Thc strain-ah0 r ~ r i c d  widely, wirh 
mytmum strain at 2Wt for &c IodhgmndItbns I and 2, wMc for 

li>ding condition i the mnximurn accurmd ac SE Similar ro the 
strcss field, rhc hding condiiun 3 also had rhc highcsc smla 
magnltdc imm Q m 130", lxyond this point. a RITFSC in xhc mrd 
was obscrvcd, ~ i & r  t a n &  have bern r c p d  by S t t t t n 3 ( 5 i c ~ .  
zm>. -. 

' 3.3. Observations the h b k d  hidseat,- - .  
Figutcs 7 (a - t) depict the influence of tlic 1o;ldiog condition 

, on t ht tad ~ ~ c e r n ~ t ,  rmn Mises strcss ,d principal swain ar 
tttr m b d  bed s a t .  Thc t d  displacement h l d  is shown in 
F j g u ~  ?(:I) The tall displnc~mcnr For a11 r hc loading conditions had 
tk mximum~ualur. at the p i n t  of runwcc with thc ground ( W W '  

-~drcumfcmnridqlr). whi ~ h c  mintmumuccurd wirbl5D ro 
., - < - $b' lor the ludinp. mnditian 1 and dr 200" lor both l&a 

=onditions 2 and 3. The dAphcemcnt Was maslsrendy higltcr wit; 
hcrcasing tonding canditiun. cmpr at rhthc point of minimum 
diplac~ntcnt (laol) whcm thrrr \I* nu nambic r l I ~ ~ r  ul I o d q  
condition. The Mists sfkssdisrributbo is shown in Figucc 7&). 

"Thc von Mists :strrss plot (or dI tht: Irlildihg condiclons had thc 
m~ximum due at ehc point of contact wkh tlc-ground ( O M  
circutnfcrcntid pnglr). The s t ~ s w s  i n c r e d  \t7irh inmsc In. -. lu~ding c~ndirion, cxcgr nr Bit", \ h c e r  thcrc r w  na apprahblc 

Fis 4: Dcfi~wwdr.irn nhdrl utulc~~ibr. k*rJit~c:wrditllrrli \?\riation with rltc Iandhg roridlrinn:& shbivn in Figurr F(c),.tht 
- 
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principal st* dkrlbudon &--wid rvith increase ip hdiq 
-mndithn. For cach loading condition. the miximum principl amin 
wumd ar the point of contact with the ground ( W F  
rircudcrcntlal angle). Thr ahremrions d Steam (2000) r v m n  
similar to r h c  tmnds obmlncd 

. - 
L ,  

3.4. ~bsrw&ns ar che well -- . . * -- 

Thr. cffcft of Irmding conJItion on rhc tnral diplacemcnr, 
\-on k.lwts, stress and principl~smmin ar the \\dl are depicted h 
Figom 8 (1-c). As shpwn In Figurc 8{4, the maximum told 
dip1:~rmcnt wcurrrd a i  phc p int  of coatact (OhKt" 
cirrumfccrnrid ahglr.). The ,tatal disphcemcnt i n c d  with 
incmw: in chc [aiding cundlcbq. Thc minimum d h s s  occurrod-at,- 
1W' br thc tuading condition 1, while roc tb hding condIriom 2 . 
and 3, the inhiinurn occuc~crl at EO~". For ryln Mists-strcas. 

. Jistributbn s h ~ v n  in Fwre g(b), thc maximum stms  curd ar* 
EhC p l i ~  or contam of tycc with thc ground ( W W ' ) .  whIlc the 
. n w i m u ~ n  rducs for thc luadingwncllths 2 and 3 o r c u d  at angle 
9Cr:- The ininlmurn \*dues fur thc rhtec loadlag cond,&ons o c c u d  

' nr angtc 144". 
Thc rflrrt d thc l d  cm@irirm on thc principal strain is 

shmvn En Figurc 8(c). m i ~ n u m  stmin o c c u d  at thc pint of 
mnt'acr . W W  4 th ~nlni~nunl at anglc W1 for rhr M n g  

t 

conditian 1 and at 150" hr thc'Wing condicions 2 and 3. AI 
17U', a r k  in stra@ h than rlw maximum was obgtfpcd % 
1 d n ~  conditions 2 and 3. llcsc obmrlons wetr In agnmwx 
with chc rcporr oFSwams (m). 

The c o m h d  effcccs ol \varying auromubilc rr.~i~hm.and ryre 
hbkm prcssuw on the mtd displwmcnt, \.on MAG -sacs and 
pdncipal ara1n.d an duminurn alloy auromobi rim has been 
InrJeseatorl snd ehr: srm of stress at rhe point o i  conwt. d ryre 
wirh the- gmund. outbond and inboard kmd seats. and the wcll 
weie prrscolred for dl c h  w i g  diogldriuns. nuXhlum &hxbl 
o c c u d  at  the inboard W a t .  r v M c  chc most-stksxi a m  
e u r q l  a t  thc \wL Incrcisc in arltomobilc rvcight ;lad tyrc 
infladon prcssuaIed r u ~ c r ~  in statc afstrcs andstrain. . - . 
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