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i f"aiion of & ..:vumr sear (shirzy) is ge nr-:amu ;n: an .interplay
2 ot’ e"ieetm gre;:_ woedol Yhe Vire, the lakding gear ro*ux, a..d ih thé entire airframe:
S il EREETL T Y Ss._p:{’;@ - peviews the a*gnﬁic‘azwe of the vatious parameters and urges en
i - 3 P Bl Y] - e N o
;. T ‘ndus iry wcie 52 ‘x*‘ io wmxzjc‘ b‘&u.&!ﬁ RecounTing ml the wire tailuences,., /\71‘“'”
o ) ot : oo S ‘fk«'m. Mg. . )
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) T ‘- QT - % . -3 19
- m..\,:rm i Lhe anwalited :;.uflc,i sibe g e o fr:ecxio osm&lmfo-x of Lnn landt: hg gear
L BeisNg malgly ws A "'3111’_'7 af g d eSoltation foresss .meh-vi Ibralidns can sone-
= "g . tines -"'sm"é g"am by ‘orc«’r%:c\rzg@ ,m.nm hes. been § nvnsnib‘;w b Rtany resedrchers
S iocthe past twinby years and this vioblsn £311) defies a "an.‘*;;:)cto::; solatjon,
Mg papeET rovivws obpa mwix p,rs," ﬂemx vuv.g.. on the st iect; .,;hc frajor nox‘l.-
- coring of Hhe \eﬂ‘s'z,\c'ﬁ, BpEreden o WLis protden s the lack of adequate understands
Adng of Ve durnfinge 'm'\-u:r‘ ins of ‘, rofa I e avsence ol I%, the Yire wodels have
been an. m.x.?uf.mmu na& apemipe o M

S uged by Phvestys Wkoes,
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e muiher o arervn ‘u, 5,
Wi hed B de!;(,,w“x m-« e denamie proportiey

plo whaee)

&5 Liiustrdted by a x*e;:iczw of tna fire models
mekns of réeolvidg this problem, whish
expesimental p e,,o{a;:re:tm is- suggested, Phis
of sives and devslop transfer funchions
0 repense 0% landing gosy to forees and nonenta
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sround e Itabion forres, e Frtie is Curiner cotplleataxd by increased ‘.-mnhq.sis
m redu B Lhe Wolohh Ay o Tagge }x,' “c'w ALY N «'}'pdf:x':x atreraft and the eftects

CShit eRphasis mn oer stroetare, Leelgge of [hg fréqueat oceurrence ane tne
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is = -mcvcx‘i in shindy el gy 2sal d beeagse of qvepres Tt Hf:ui; on Of many variables
as o well s kack o) pénn el g e on tirer. A least lwo forms .of Shivgy have baer
. a \ ' ve eahe -
discovered (3, 2,," Thit v are:
o Kiré veu g xi;’r,
o st;‘.wrtur‘xl worsiananl sh b

: e aceurrence of hoth lomrs "f:‘pc:xf:" 6n ihe modnt of overall a:slen damping.  tor
3 . . . N
; low aarping, siipmy cevuadds favolvos r PRadsbodn Lore,onal ‘!:OuJ)H ol the Lading rour
E roshra g ‘xr;: the :awing xrx‘),!.,;qyf, 2L e iiEe, Mas .u‘m dadel agds is auaenLially
: pivabing "rout tag shivel axloy ol Tué e{gectiva anr’ n,’ ey (s vYhe Lire dynaric-torsional
- BRYLag réle, gecouating tor e ﬂb:ﬁ'?mva;. Gishance of the iooblprint Isiaora; lcmﬁ LTine
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land;ng gesr with the donpé: (Lf any ) lOLkeQ. This nvpe of shimpy e often teferred ‘
tg as structural-torsion sh*mng. Both tvpea of shimmy are nfzcc Pd signliicastly by :
Lhe tire paramevers. 7 T : . f
It & precise mathenas ica] debcription of ‘the shirmy phenor.enon were Atte enpted, it :

would involve 0 marly variables that -soliition of the protlen and interpretation of

the: restlks would. Vecone jupracticsl if not Lrposgtble. However, she difli~ulbtes

in LnM’so]ution ‘are -dus mérely Lo the mimber.of faclors, apd, iT it can be ashablx shed,

that some ot ﬁhese aré more. sirnz;xcan& than otnors, the prcblem,caa bc uxnpllfzed.

M regént years efforts have heen mﬂde»to qccompizsn thig, e valid rpl¢£1cnt on.

in todelmxg the land;nﬁ gear compouenté can..be wade 4f gonccr»ed e{f g is made b
tain\rean*ngful daba ou'ae"e"al siax‘?iganﬁYparameiﬂra. -

Any theor "’Vhlth jprovides a nabhembicel -deseription n-of siinsy m otton has to date .
a;mo olways ofen restriicted to ]inear cases; .. ses appendix 7. Nonlinear
élomerits, such as Yice ~nuractewi?iics, Ixiection, sad clearances, howewer, are i

essdabial 1 deborminins shiiumy lvhaVior ol lan&:ng godres  [¥ 15 bthe intrgduction. :
of Lthase ﬂowlln“arxtszs, hoWever, which. ‘neresscs ,hn complaxity 01 the protler
o ,sL@chL]y‘

.~

tion about these compoaents 15 stsplutely ngeaasary.  The acearaey ne the pregiction
of shirnky by analytlienl meuns wil) guarea wish pore fpecurale corvespoundencs beudkh
the petheraticsl odel and the real aoch an el 5y 6tuth, o ceriain decroe o approXi-
raiion {5 neckesady ou uae assens.al foaturns of a regl systen Rave tQ b pressal
in the model,

Tn the survey that follows, ‘he vorious paraseiers thol 1afVaiened the shimry
pheqorsgon are fonsideass 10 Tiend of Lbe above suatenents and spoeixd o phnasis 13
Placed da vhe dynawle proparibes of blves,

%
'RF“J’H*QRLS Lq s?”“ﬁu S
Analysis of shiny wush ronsider dhe following:
o JAhe nature of atefeue flexitility
0 ihﬂ~quiure of Gng adbarchrent of he gead Lo the nirfrane
o fiexivilfiics ot ihe g:haﬂHWuat wd goare suruetre
o Wuo inberaction or coupline Teobwews the alrfonne and the pear s gUrnTLare
o the tav? gt e»vﬂ*uaﬁun ﬁx"““" wad por enbs
0. the preschee of fredplay al 1l papvors foints and jolnls
o he ther&etzou potwrag iy straet.are wal v darking deviee
WiLh tnege ghide Lines, the giat- o of fresently used shimmy wnalysis robhods Tshiimmy
theobies) arg Foviejwd ‘o ubhé ollowing soviions. ) ,
nxrixane ﬁ0ﬂ°4dh. § ons - -
It nas hoom genﬁ?alxy récopnicad Lant inorger Lo andersuasd ihe e gLl o tng
el f-exined vibrablion wmd ('3 posai. 12 salulple dodes o ruign, e alrirwe tnersin
ant elantieidy muck bo -uﬁhzuwrod, For :zwrg}ej dareiand (3,4} suprosts Want a A
divrees moihod of wccogyi Wl bhiz ls too oot w the Jeannd o egue blons for the oversll
oy 3laon and obtein, e ?i&;@ﬁ higher 0“&@?""‘6 wublad i lng froe s Wil it Bhe )
mbabiiiny 0piv rion ond froguenches ey Le obialami., Qber inr“»u*bz,ﬁra 41°o .
- .. r . . o f’ﬁaqf':"_(';-twl*f‘ = Y
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entertained this fdea. ¥ori examplé, Pacejka (5) coniiders the inertia and elasticity
of the frame in his aaaly 'sis, Réference: 3 ¢ontains ‘several simpler modelf' to. -enable
_consideration-of inertia and flexsbility,

-
.
.
B I A RN DA A Mg P T

“Ihé genéral equation cén be expredsed in the -follcwing fori

[ + (£ + [k} = {F)

e T AP UL SR

{
where { F } is 1argc*'!v determined by the exditstions transmitted by the gear stiructure, §

g
The simplér versions consider -the alrframe merely as a mgid mass. A slight modifica-
tion of this is a version which considers the airfreme in terms of an equxvalevxt i
lurped parameter syster as shown in the Tigure bélow, Thé Joint P represents the .
attachment point of the cquivalent elasiic element and the.-oleo. K, represents the
combined elastivity 6f the oleo and “he borsionzl elasticity of the fuselage, M, end 3

r{l are lumped airfrane mnsses. e equation of moilon cap be & grc ssed as ,pllows:

\

My 4 )
MOk - K(XX) = Ky (X, %) 34 in :

Considering the forces on !«'1 e~ .

-

RS T

My X,= Ky (%, =X,) 3 X, |

e v h ot

Simdlar Lhree and four degree of freedow n .godﬂls are discussed by Moreland {3), 1In
general, Lits aspert s {rostod guite well by the airframe structural dynamicists.

nttnvh-roni. lORSLGQ"!} Lons

The hinges and universsl joints are generally roprasenied as developing no rotutional
sti¥ffness in desired dire “ions for bewms eatering these Join's, »»hc sttachmont. frape
is generally si.n.pli!’:m by r‘c;lzwu.g. corplex shape porbers with {1ab plates or
sircular pipes. “he iancr eyliader Is generslly adeslizad ag a ocuu, with the bYearing
plute conhection consisting ot s nwoer of stringer elements (axial load only) per
bearing plate. This pro.ides ihe x'ecxﬁx'ed hoarinc, area, as well as preventing swivel
moment Lreansfer from the inner Lo Lhe duter cxllader Arough anything other than the
torque links, The Ianding gesr siructure is sometires extended Lo indlude the landing
gear supporiy beam wnich is soreiires pl innvl ab boln ends. Olher sapport poinus puy
taclude the rear spar ead of e Lrunion firea to rofite ahout the Yranion centerline),
the side strut apex ( Tee Lo potene in the plane of the side strul), and thé actuator
auppory (~ompls tel'* fized’,  ClrpliJiestions are also egsential due tor the presence of a
sheering syston {on nose ng »ell ae sleered main gears),  The steering crlinders

are gecerally idealiszed ac strlagers,

Bocing has used, with zonsldefatle weoess, dhe concept of influence coeifieient fa
evaluabting structarsl influén-ee, The Yoelne veets consisted of mounting the gear
and support peam in a tig, 2pilring loads wd measuring derlections,  ihe data was

nlot*m qnd raducea Lo tnrlachee ooy eieads, JCufticteat load:.n". conditions were
sbod to provide daln crostchecks, and these indlcate ‘nnt the dale is quite accurabe.

:)w data obtaiacd from plastic n.o'xels‘ providec tre bust copparison %o the data
I Tt T S LA
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‘obtained for this test,

Ay

Nt u
In-addition Yo its: use iy the shimpy analysis, these data can also provide a basis-
for devel oping a mathem ical model to detérmine the int lueroe coeff icients of
-other lunding gears. Moréland was the first %o suggest the use of the transier

; function approach to evaluatidn of the structural influences, al%houé,h hé never

included. it in-any of nis analyses, This approach still imerits consideration,

‘Presence o0f Freéplay

e to the presence of a large number-of moving and restrained support points ami a:
rather severe jmpact and vibration envirdnment, the developmént of ¥reeplay st
o3 some support points, such as the bLrunnion; i$ inevitable Ny /

S, St N
This unavoideble fréeplay has 2 significant effect upon Whe magnitude-of Lhe perfurs :

f bations which an obthervise statle ';Lan;i—m.“, cear cen tolerate, E.qefding neary sh*nns .-

;. similation with a prescribed freeplay poses & formidable problem, Heferauce b L
attempts a rfeasonsble approzinal ir”mg. In this ,..nrﬂ vals, néchadis iom\’»* Al - :
specified freeplay in the s;de ore and 4aft, -Snd mt,..movml direonsmf were P
considened. ‘ o A ¢ ]

‘-.

* mrajl Stabilizing or Desbebilizlmg o

feveral {nvestigabors have considered fhe seatribubiog-of mechianicsl Lrail %0
landing goer shim.\, . The defivatie of the critieal darping rebio with regpert
to. the trail penerslly c¢an be obvanr positive or uepablves 1L Ehuas follous ihad
inereusing the trail from z2érs m" réguire oither wore or less d

@55 damping which will depend
upon Lhe relalive magnitudes of p»:',: intludneing variables., Tof example, oreland P
showad: , -

R - C VK - Ke

Py 8 7 ‘ R

B - Tetio of C/ - daepiag rablo . R :

e “ ) A

.o~ Prail of wheel axis Leh,nd axis of votation o swivel Do

0.~ lieference dunping Sosfvictent

C, - Torsional damping coolfickent B

LY] . - —Z 4:

i~ Dlaretuleal soment af ipefiia ¢ vheel .

. -y

bt dunped sbyfeare and geusr clastiei€ise -

"1 npe > * ™ y

k- torsinngd é:\o"w:{: song bt 1w, of bhé gowr,

¥ - Forvard veldeity of alvplahes S o - N

‘ovelrmt. (%) in his stanies shoved FIOYE 91 % as a Didctionof trall raiio T

& i - T ) : 3

“ - . ) B K

; : L 4 T deszaihen

“ - = 2 et s s rmms s 28 st o suar seand e SeToaer T
- et e et 3 ] e Wit okt ot @ w T e o
i e e et 3 B A A A e 8 it
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1 ' ¥
A (T=uy ,3( ). e obs ﬂrveq tht for values- of ‘inertia ratios less thaa uaity, ‘
2 ‘ N s*wb*li~y is pc sivle far a1l values of Lra*l - uhe required dampin usually

increaaxn& with Lrail fo 2 maxinur dnd thereaftey approacnhnv zeéro-asyrptotically..
Fo:~yalues.qé iiertia ra tio Slluht1j above unity the range of- dampxn\ for stabllity
“ 18 Timited.

SHIGY DAMPER - g

R
NE S

" A ghicwy demper is oTven an sgency F”QUlPPant for averting the occurrence of
shimg/., Dewping as such, however, is not. a. corta;n means. for avolding instability, -
The sysfem stability or Jme. cvcle éan be assured, howeser, by use of an. approprxate

type and amount of damping. Shalysis -of Lhe 737 main landing gear showed thet bvosh
cxcess and deficid dumping wodd result in an unstoble gear., The choice of a ve
danper s not recommerded for all configurations

o Wi + RN A, b
PRV Teas s

i LU

»
R
£y
_Eeps

Analyying the stabily ty of a iycical lodading gear system having a damper in serics
wiih }ne torsional elaslileity of the strut shows that both types of shimmy can
oteur.  For low dan;;nm, Lire yaw shipmy con ocour with the dynamic torsional

and. lateral spring characteristics of Uhe <ire-or “ire cluste* as -the effechive - . 3
'elaéticity. ’ N :

o e huy

-

‘or high anmping, the strucirnl modes of Lhe gear can ‘becone unsitable, Usually X
orsional s )x‘n; abﬂ oY hioe geur structure is the governiug Puetor, Alihdugh i
fgney secks cledr-cub unswers no the question of pear slability, these are f
,osszrle due Lo une nighly non- -linear naiure of nis protler, The stability '
rig are true fYor the eqariions used vo descrite the systen, They are, "however,

ssarily valid for e actual physicnl syswem +4 Loo crude estimations were
establish the anal: tienl model, '

In addition the Hurwily erilorion 1%, 5, Y1) is used to calculate the siability limits,
This eritorion is relailively ousy wo handle r rathematically, IL provides an accurate
stavility limit btut dors nol provide any xeaﬁb of quantitali.e stabilivy assesswent,
Jvher rore powertul rethods of prodicting sinbility have not found: Javol with shinny
researchers, ‘Mhis .s underszandalle baecanse aistorieally landing gear hias been
ureakoed: as a ghruciure tather than x systam,;

?.ls

The loporbance o9 the 'irn to the svstcm aad the shimy phenorenow is aot equally
appreciuted by tsarlous lavestigavors, T4 récent years, however, the iuportence op

the Lire [n uuirn “clf-v%ciﬁsf‘on phcdovonon has teen nore 2nd nore recognined (1, 3,
Me didyinuduy s SAeOTPOTr-Ling an approprielr Liré codel tn the sh)vrw anxl"s.u 11@3
i Lhe Tack of Faguledic alxht the dynanic bvhﬂv Qv respouse of a rolding tire Lo an
os¢ {1 Aty gud ;nd «u.41«“ uovions In most Lhaovtes i tive is repris cn?ed ns g
lz il a ‘;nsthﬂl ad, or luvesad spri x»-ﬁﬁhper s, c%ec for which gt

Ll or low
:cnﬁ FO)ALAy Slee dets are usod.,

vy

13

“ulﬁ T L8 0 susmary of whe t{re nodels vsed In earious shinmy Lnorie~, Th
ke fndiedles Shub %.e mindlvhiead codels of the tive used <or arad, analys.s are

e gt .I, E R
A, e e [
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~1argelj ‘based .on .paraneters whi ch can be tedsured casily on 2 stationsry (non -rolling)
tire, Some low speed rolling data aré also .addéd. "hese parameters and the associdted
mathematical relationships ure, however, widoubtidly or;;ugross dyproximations of the
"undamental mechanics for rollinb pneumat‘c tires,

Thé tablc snows thal the imp"overents made to. tné tire equations in course of time
are gore conjecture thap real representation of the tire dynamics. In some cases
eres. are added werely Lo zelti rarnccl or finiluences are added twice inadvertently
uevornl of the tire paratieters used are not xnaependent of each other and dﬂpend on
a variety of exvernal cond.iions such ms vertical load and rolling velocity (7, &)
Even so-called “dynarmic” tirve purﬁmeturs obtained from vidbration bests on stationary
tires are -cOnsiderably different from those ontaln"d for the rolling tire {9, 10).
Tt ir, therefore, obvious that the approach thus far for the representaiion of the
bYire has resultéd in Lnxdequate representation 6f the exciting forces which arise
from the Lire coninct -erea,

-t s

PRSP T

Gonsidering these linear spring damper provcls for tire renrosentation, the following ,. ¢
paragraphs outline the signifinance of cortalia tire paraueters upon gear stability,

I gan oe readily comprehamidséa; howeyer, tht thége conclusions are only valld for

whe model uged. Iy any one oi the p.ereLers is not consuast but depends on other
variatles, this fari would have Lo be takén imno consideration und wodified stability
eriteria will ar ™

LAteral and v | affuces of the Tire

Lateral an? s cwarﬂcﬁ0x¢uu'#" s.ghtficantly aftect shimny f{reguency and stability
of the gear for tipe ¥ shimmy, Generally, increas nd lateral tizie stiftness makes
she ear-gire stuble for this Lype of shimny. Anzlysis Jndicauu" fagl incrcaéin&
lateral s.iviness i6 equivalent ¢ inrreasing,nhe\dzm.nJLOQle s danping of the

systen wnd reducing 198 roguenc ., In the cuse of shruetural torsion shirmy, the
frequensy LS no% signi fieantly afieched Ly tire parame Loru. The stabilivy “oundaries,
houwever, are greatly inrlueneed by Lhe tire stiffaess,

ime Consbant of mire

The Lime consian® of the ui
Tnereasing ihe velue usuall
laseral st ffno g5 and Lire.

re algo has u mejor fnfluence on the Lire yaw shomny. mode,
S ohas 2 ostariliting etftect, Buid i4 is the contination .of
onshant ol the $ire which reqlly detines the tabilily.
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- Pneumatic Trail

in the pneumatic trail characteristics of the tire can change the stebility in any

N 2

The paeumatic trail of a tire is another factor influencing stability as well eas
frequéncy. o géneralized staterent can te made dbout the influence of this
parameter on shimmy., Only the corbination of other tire characteristics and
pnsumatic trail will define the stnbzlutv eritécia end shimmy frequency. Changes

}»
4
Y .
P
M
i
-

direction depending upon other parametérs.

C e AR e

"b our knowledgc, no avtﬂﬁpt has veen.pade to corrdélate this analytical model with
actual tire behavior al %1% ,4h "o,.lmu specds, coutrolling and reasuring all signd ficant
var»a les. 'The correl-tion of shimmy tesrs with anslytical results using *his Lire x
mddel can fot give sny valid conclusions because tao. many olher parameters, which :
al50 have heern highly linearized or who“e values aré wncertain, are masking the

regul Lt’du ’

facts 1ike Lhese offer further proof %hau the tire ard its characteristics have a sig-
nificant effec. on stqvpility as welli as *n'nm frequincy for both t Lypes o shimny (1j.
Only an accurate represenie!ion of the tige will alddw r reliable predict.on of
shfva tabiliby of & Janding gear systai., .

*
To improve uhe accuracy of the anelyticel tire representdtion used in shipcy .

analysis, Lwo approaches seer Lo e ieaditle:

2, tull scale well-controlled tire experiments and the derivation of <
"{ransfer funcsions” for Lire motion and forces, [Ihis approach Lreabs .
the tire a8 2 "black box."

-
>

L4
-

Developrent of 2 “ire wodel based on a thorough analysis of uhe Live
treating it as @ three-dimeasionsl structure of some kind. “he rinte
longth and widlh of ihe contach area as well as the sbiifness a! the
various tire wmponents would have to be Laken into consideration,

The {irst approach will provide 4 tire model immediotely apvlicable to Yanding gear :
shimry analyvsis iff Lests are condurted properly. A series o tests will be required :
for each tive size,

o

The second fppronch could be tused on the data avallable from the first one. Ajter
having astatlished o valid Lire podél, tesking can be considerably reduced and

s

might Le rectricied to wensuring signiricant tire parameters on a stubionnry
tire,

305

DONT HOTONS

Tanding Gear shimny 1s & conplex nounlinear Sesf-exviiation phenomenon. iron the
discussion avove the following can be comcluded:

1. "he various interfacos of ihe Innding gour are reesonably well uwaderstood :
axceplt for Lthe dynamic properuies ol

4
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A:2. 1ﬂe results of simplified analysis are only vali d 13r the nodel conslideéred,

2

The ~redibility of such analysis can only be inpro:ed by developing models
escribe real gystem bénavior,

that more closely @

R

1]
i
‘ .
~ 1?2

-

“with these facti in rind,
-credibility of uhzmmy ﬁnal"ais resulis:

the following s

1s A transfer function approach s
,dstructaral 4¢ well as wire iaf[“yiehces.

2, A-major, 1 indusirv-wide y roe,r

dynaird e behavior o &
autached appcndrY I,

et et < ki s Bt st st it L

n\

e
i ."'0»:.

0O

‘(.0.-'? .E..IDAJ. .LO‘J"

sriovld te adopted to better account for
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a test program is
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showld be undertsken to determine the

oputlined in the

steps should be undc"takdn ‘to improve the
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' PLAR:  TIRE THARSEER FUNCEION 0O cmv"

- - 3

- - ' Tl DL
T’"éﬁalvzing Tanding :eﬁf-aynaﬁiﬂ"pﬁﬁﬁlémé such as Shlmwy or Grbwbd Handling, the

foreds as. wgll as moments aiigiﬂdt g in the tire footprint. are tranofe*rcd to. the

gear-truck c;vo~. saless thls trasler of ground influchces &g accountod: foi propefly;
the laiading geaf reéspande TAANOT b predicted accuratel s, _ﬂregght day data endables
tha tire to be reprascutad a8 a Lliscarired nniag-damnev rodel.” There 15 no data

avatlabic to esbablish the coupling terds which sccount for ‘orce or ro;poa

’

&n onier o estarvlish interasction or coupling iallueace of changes tnh ng place in
the tread, it would be desiritle Un devaelop a transfer function pprqanh to- thig’

Probior, In OLher Words, Uy varving parameters in the Lire jootprifs. (¢ ) (oee figure 1)
it mist he possible to asseéas whalever Lnfuences are transmitted 6.5 in Lerms of
triaxial forces, momente, and mobion, On the other haad, vari at*ons 0f inputs al the

* ? J

axle center B will cause reasponscs ab the foovprint ., This approach of developing
4

transfer Mnctions of the iire during the entire domain of operations woald provide

a satistactory basis for rulure snwlysis, This concept has never begn utilized for
tire dvuamices although in control dynamics il is used routinely.

Tﬁéﬁgppmicﬁbioﬁ of thiq coneapt for brake dynanlcs hns provided 2 valuable ‘ool for
optimizing brake systeom perfomance. "o use of tnis conceph for vires and sairnmy
will'no doubt prov;de 3 good insLiht into the navure of the nonligearities and make
tne end reswlit (dabs) pore readily applicable Lo complex Landing Gear (vstem problems,

.

DVHAKIC TIRE TEOTS - GEUIVL APEFROACH
-

To egballich a suiteble two-way trensfer func%ion, A1) Lhe tire variables wust be
wonsured. {a the foolprint {J' "as well as ab the axle supoert (BY, Tne varisbles
peamire? at Yhe axle cupport in P oof figure 1 wondd xaclujc three foree components,
uhree porentg around “he three axos us5 well as the axle d;Spldcewcnts In six degrees

of treedor. Tne instrarentaiion bt Lhe axde support will pdnimire ino%ial influead 28§,
Tt in recoenized thal ressurenents in the fooiprint are rore difficuld bul some
ausassrent ls necessary 5o eshetlish Llre dynanic respouse, “he footprint deformetions
san be peasured by usine irbedded transducers and high sp“ed photography. It is much
enrsier to apply known inpuis Lo the ‘bbtwriwt and assess the results at (3) i,0, the
nxle centor, he tire responses are hi &n*' gpeed dependent and thus 21l tests should
be run for a rase of preselect od. forwnd velocitics,

Ta order o assass Lhe coupling eftertue properd,s, the varisztles showd ve varied only
on? at a Lime ane o2 Nire d:pendevh rannet.  For example; the varying purameter
rould be varied as a siwmsoldal, step or v ranp signisl. Al the outsel valy one uire
aize nend be conasidered, e tariubles sueh as Yread design, wrend 8tocy,. surfice
finish and tire inbersctions shonld walt later sludy:  he test outdiae thst 1ollows
discensées pinly three rajor i drnmeice responses, firsuly independént of each
oluer, These pa:

.

1. Voeprsieal load Lrangeisnion

~

« Prikine vecponse
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Once individual respouses are eqtablishOd, it will be desirpble to investigate the

various coupling effécts. This last aspect is very meortart in order to establxsn
the validity of ‘superposition or lack thercof; All these three dynam*c tesvs should

_ be conducted on voth -dynamoreters and the\“ﬂ 54 1oada track.

-

PBORO JED PR §V QUTT. IE TOh DEVAMIC rr‘IRF T 3TS

1. Ver*lcal Loqd &ranamis 1on

The dynaric response of an aircraft tire to changing vertleal 1loads is considered
to be the easiest dynamic property to investigate., Vertical load .changes and
deflection variations should bc-considered“scphrahely as inpuls.

vertical spring rate, wheel speed (rolling redius) and conbaci area should be
evaluated,

It showld be explored whether moving the tire center up and down while rolling on
a flat surface will resel! in the sape  Lipe response as vwhen the tire is excited
by a certain pavement profile with the tive cenler held et constant height,

“he influence of average load and value of defloction amplitude showld also be
investigaved in the ranze up %o 1354 roted deflection., In ecdaition, the
ved idity ot the superposition pr‘noxplcu or lack thereof showld be checked.

2. Tracqxve lorce fapsponse

Ag the next ster, fhe fore and aft deileectjor charscleristics of 4an alrplane iire

«shouid be investipatod, Cyelic trake torque would be applixd as japun, The
paxirur forque, however, snoald never inlroduce any nouicnallu slidine in whe
contact ares.

“he Lire response would he evalacbed b, recording wheel speed changes, uract ve
forces, vtorque radias nnd foofprint -povion.

fgain the iafluence of averdge torque and bLorgue damplitude should be studied and
the validity of the superposition princlple chocked for sinusoida) iaputs,

3. Zornering Response

s Lhis mode of Lire response 18 highly critleal for assescing the shabilily
criterta of landing ;seuars, a coxpletely sew approach showld be taken Loward

this trpe of Sire regposse, Jeveral variglles should be considered 18 induls:
vav angle, steering rorzat, lateral rotion, nd sice foree,  ‘gain, inpa®
variations showdd te repd uithin ligits thas o nodt introvace anpy irpoasurable
sXidins in bhe rontact ares, 1) forees, moronits and noblous shouwlw te recorded
a5 outpuls w3 well ud wue footprint dicplacereats,  ror siausoidel iaputs the
whole freguaency ram » should be covercad of carbaly forwire velocitieg and uhe
saporposstian,pri‘vlpl" Gimeked.s i intloence of aversge values and anpl.tdes
of Lhe verdous Iapals on ke tire respoass should te eveluaeved,  In uddilion

the ,re"d eonGiti onu uno! Wi Lv eunretully econtrollad,

Y ey g
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QTATIC TESTS

static tire data also needs to be updated as it is widely uséd by Landing Gear

Desighers..

following variavles should bé messured,

1.

2.

Vertical spring rate
hteéral spring rate
Fors and aft spring rate
Torsional spring rote
neday langth

nornering power {ior low speed rolling)

It will slso serve as a useful hascline while establishing correlation
between dynamic (flat surface as well as road wheel data) and static data.
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i qot the imtention oi this paper 0 derive the d1fierenb1al equations necessary
o dé Eeribeé the whole lund 1ng gear systeh for study of its ;nstauixity eriteris,
is can b€ found estensively in the pertinent literatre (&, 1V).

Bgw
.i

N

For the sake of com:leueneﬂ", However, a iull set of equations In Matrix form
1s given in Tableé II. Thede eqintions deseribe a dual wncol landing gear w**ﬁ
.ruCuu“al dampimse and «consider co-rotating whccls. They represent the sys sbom in
a Ay linegrized fori. These equations are pP&PuLCﬁlJ” identical to 3miley's
gféizon° (11) ‘except Yor the hys Serc is temms for the bire marked by flag narks
(12).

The originel 7 degrees of {rcedom sysber (3 degrees of translating motion. 3 degrees:

of rotational robion, 1 degree of tire Yuberal defornution} ‘has been reduced to a
five degree of freedom systom assuring constant forward velocity and vertical load
end neglecting ahy degree of freedom in Toré and avt {X) and vertical direction ().
Any coupling betwcen the various modes of tire deformaiion has also veen neglected.,
The first three equetions represcnt the moment balances of the syshen. Hquations

I and. § sccount for the kinotutic relationships. Matrix A is essentially the
inertia matbrix of fhe gysiem,. Mebrix B and O condaln vhe gyroscopiv ierms or the
'two‘whenio as well as the darping temis of the tires and stiuwebure, Matrix E
represents the olnstlg:u. of “ha gsyster, This sob of epguubions represents a serjies
of five second order differentinl equalions with consisuav coefficients, iIf the
agsumption of constnant. velogity in applied,

n

Any stability criterion applind to ihis 98t of eauations will yield a stabilily
boundary a3 a functlon of the various parurcters used, It will allow 2 study of
the tdlluence and signiricance of various pararebers upon landing gear siability,
It nas Lo be siressed agnin, however, that these criseria apply rigorously only

to the sysbem described by the egusiions and not aecessarily Lo She actual landing
gear.

——

e w'x"(” -

+ b L L

PSR

PSRN

e



] RE

1?93!
R VPR,

,,
’, -
e -
3 -
3 , .\
. L4
R i
v
g . -~
, /
) LA
. N
ks
. . v
wosiecte ui..sn._v» A e A o
! P 5 N
! . o Fivet 1203 110105 M i
! 6 slatemmis aq, .m..l .- 4.
. 4 Sieot eeadiizic Tty 4%
"IN { osea v-»noﬂ 2018385, & R |
u i« . , 3 20pusis &
BRI o . S 3r TS o1 eng anded pseeoihs <§
' ' . ! sreona i 33 MTen A = \r«uvf o3 nﬂ.@.ﬁ? )
o , ) , ’ 1 Doiiber aith o o drena stidsets G
o - . '_86 -.!&.a..i g !:49. A\wc
- i © g A . v .
“ o PR 5 ) ! . p— ——- e

e b e
ws
o

P
41e
*
Ry
0]
-
[
&H
14
8]
»

43,

it MR g

ol s ~ . s an : ey ¥ .
N PR 1 = 3 SRS = Sl ¥ Gt R e }
R L& > 7 2 > ~ _ !
j < LS % g N ' Nl et P . p ) i P
, m ~ R «m,.,t, . AS K(Jn -~ e uulﬂuw«w it ,%-vtubum — o= - o > o 4. e .w
N . ! g et .Avi - - ) .
M N . . <y .. 4 X . . :

4 DFe . A n - < o T = Y + N
i . rEI, R T =X A2 g S D nqsv,ﬁ&.“. a5 ﬁa nn‘ ..~sfﬂ. e} < 3 2 P > , m
oo Bl . : PPPWY i
Y A e R T AR gz LNy T Py 2 a2 - o C

0, « .
) : ! g G - o oo
v S N . ) < :
. : R _ !
‘ 13 . ' ax i
) ! ' P .

ottt bl

" I T |
. I ' . !
Cween . . ' ' *
a0 e . N W - v - - N - . ) :
v s - } o - o - KT e H
. oo e \ mw = - 7 M . < x N 2 A araceen ]
- iy oA : - ; Y
> . e ~ =2 < P4 -~ Zoow VA N - " —ctan yar] M
R ; X aryl
o . - e ) . e
..wa. " L Y . LY » .3 .a.\w & v o b m
B e & TERIT . 2 S Nk, - x Gl & Rt - L e - R -4 3 " 7
g . r.uw iz ARSI LR S - LY Ga e s LT S
. -l e e e e » * i
u B KN vy LT .~ e g% i
-y - oo % + ; M
fe N FETRIEL Ny PR T, T e Py % H
TIRE = - . 3 T . . - 25 - -
o ; .,N = ety - - 'S - - " ™ - ‘&X i
! Y !34..!1 r&/ o . I~ m
Py ' TIE IR FO,E S Fe * - R, » el
e —aa + PN - « R -
- R x!..}_\» i R Ly L - - .
- - s
) ~ & d s
B - v
' -l ™ :
- -
L ) - I" - N “
. -
0 n
.
. Lo | i >
! ¥ " N
" ! !
Ve Tt
N ‘ ]
3 ' 1~ o - N
x - . ‘. N . ]
~ - - o , R - -
. - ) ” N P ' b N .
Ca e - . )
- M PO N i
.
N
' i )
. 3 .
' : 4 RO
K]
uJC ~ e .~ Foa . - B J _
B RN ~ ez i,ent), Con Hmte T B has FIE R e x e e messboowe %7 . s -
; e WA s = DTN LR Tets?
" Gy ot

c. \ v E , ., ‘ ,
A, atesie e R e i e s A S A i i S o



j

RO
P 4 N
g

i K . . 917~
L . DEFINITION OF PARAMETERS :UEED TN PABLES I and II
o . . - > 2 .. A v M .
::' : N
k- Q - 1nternl distance between the tvo: tire centér planes
E C, = lateral damping coefficient of tire ‘
. C, = torsional dampiig coefficient of tire .
] S - .,
¢ . 3
F C3 = tige constunt 67 laleral tire uwodion 3
- B : :
E C,A, ~ drirs coefficient oy tire }
y C‘:— change i laberal distnice of mefiter of pressure in contact ares per
radsng » wheoel yaw onpde '
- C,\_ - change in lateral dis“ance gf center of pressure {n contact aren per
unit dateral defleciion
Cv - change in labesal distunce of eenter of pressure in toninetl sre per
radivs ol wheel %11t
F ~ force
R = lateral ground force or tive )
AN . ;
: ? = dagping factor of shimmy damper ;
»
f“‘. - cornepring power oi Lire
hooonalt longth 67 conbtact grea of Lire ',
. L
5 J; j(l; J=N,¥,8) - rorents of Inerviae of the swiveling part or the landing gear
o SRy it
: ' Y . N 3 3
3 «L,, - romant of inertia of one tirz, wheel, snd brake assemtly sbouwd its uxle i
?‘ J =~ deeay lencih of Tire
K"f (5,11:17,1,'30’) - shitfnnss of landing gear strucrvure &
+ “'
E ’k‘, - fore and aft spring constanh ot hatlionary tire i"
i §
3 i, .y . > Y N :
L k‘a vertiasl sprin constant of suydbionary Lirve :
%’ K .
A K‘ - torsiontl spiing conatanl of stabionaxy Lire 3
r Ky laweedd wirs voree per walb < X% wncle
g §
4 * KA Interal sprint sonstoxd v puaniona o Yire
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