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mnferiald, |

We look forward to your pesitive response and a long-teem partoership that will beaefit both our research com-
munities, Thank you for your consideration.
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pummeseing yine droggves of r..__._m.__.s._._ pr toddes The mathiemakleal msde] Imoorperates the
ik Ape of damage L baeatigale the pornmetele escliation tesponses Tha final feem
ol e pun gy o iyt _.__._..._._-_-...___._. tayerenl sfpmodiire g dderied g H.b..t..n...... Rt
et blonty tiuler (e pasnmetsle enviathon. 1he lnstalidiby sl amd K edgesleyue.
e s odatnald by salving thie SMathipmvaps ordipany dilferontial aguations =il p
Term] —aislivg u.._.-_n.a}*ﬂ_f.-.n.. LTI | _w_‘..____._._._ a FPuidrler srdlioe v jEiblini Finit, the memhi
imdepeplenee 9wk of (he predictes) mmmesiea) sateg b e vopiflad anl oxtendes) o
ek e pranilel Arrraiy b omerparbng ihe pesiibis wilh peililisiisd daia. Tha Frregiiegy
popwareen oAl Atk ] en elines Lo (b pefeessee dataoamd
The ebeahat i mie idlome e i aliee sl Ll preepai ] sange (=000 0 Al iseally, &
fow wspmpdes are siilved] Lo evalaate Lhe Tnflsewce of varictio ol lopot design parameter
. b fnal tespistsen whille the structare b tinilee prametric svditaibon

Keeptinersds . Dweeneabe frwitalillity ilamage, saeltation freguomry) finite slemmt methisd:
higher-order Winetnnbie il

1. Introduction

Ther alytaimic eesponses ol e lonhited  composite hiave been imvstigates]
extersively nsing the awailable stamdard technlques and/or modified methodnlogies
i the rovent past Vo wialersinisd (e staliliey behovioe. o this regard, the behavior
of Jombnated plates uniler the hillnes of any arbilbmery dynamic leading on the
evlitstrical bemding 5 analyzed ' formsing on coprelation functions of displaiemest
anrinnes In another recenrels work, excitition wad huduesd ushig olectmmamstie
ibrvdeies, ol [ustoahility regions wome [deotified using analvtical _nl_H._E.___._n.....u Chun
and Lo dhevelepod o gt bodidogy o anilyen the dyanmic behavior of lamjiatd
comiposite plictes sulijeeted to ow-vilovlly Inpact, utilizing socindstgeder ifferen.
thal ivguations fornmilates] through Tageange's principle and Heeteian contait theory,
Furthor cxplovation focusdd on various lominaied composite stroctures, nonlinear
cioilintions, aud Jisordered dynnmica, including roctangulsr thin plates pid Deams,
The fimjte elesvent mthod (FEM) analvses trangversely poinr-loaded) compesine
eylindrical shells, nddressing stability issuos and nenlinear responses ¥ The sty
efficiently identifies bifurcation paints and estoblishos new bonchmarks for ssvm-
metric deformntioes and post-luckling regimes. Von Karman-type equations have
been deployed to derive governing equations, with methods such e Gaderkin nnd
ssymptatic pertucbation revealing complex bohavior like muolti-pulss yrbita and
chaatic motion.” ® Additionally, the livestigation extended to dynamic stabilite
under periodic koads, otilising frst-ordor slicar deflurmation theers, Mathien Hill-
ty e clifTorentlal equalions determined instability regions, showrtsing the significant
inlluenee ol varlons parimeters o Instability A study on the free sibration
af deluninated/intact compisite bomns or sundwich plates has been priseiited
ciipliying FE-or wavelet FE nisdeling alongsile the haormounle balinee method
tu wssesy bifureation behiavior nnd stilillity ehnsuetorbtles. The parinetric instabill-
ity of carboi manctiibo [CNT):reluforeed compeosite evlimieical pasiels nnder ther.
mal wnd peridie inpluse excitations has been evaluated utillzing Galorkin's and
Bolotin's methind, nid e effoets of CNT iisdgibotlon, volumo fraetion., cievature,
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strrikied the dlymnmie staldlity belvior of plenelertrin tavered comprsite plate utls
liriug mislifien] fiotaoder shn Aefortiation ey, Biswal of al 1 ataulbnd 1w
Ayl staldlity of wovin filwer laminared eomprmite in hiygrothernu) envlnn-

it et Fstaarder sliear dofrmation theery, The nomlinens stubility of e
farntind riesteainiod vanobepms Bas boen byl g unnlienl steadn geadlient

clastichte theory, reveling impacts of wivhe offerde, pebonat i, ol elast ke wandinm
pravmmeters, Vi stabitity, of FER comiral sllls peiler ety TS ds e

Iyl wsang the Pastornnk Toaulet o aned Galorkin et hewid, Biuhlighibing the effeols
o Twmmedary vombitions, material gradicnts, i elitie Toidlntions! ' Thie stalility
of theee layered dpncsted sonben] <helis with Ft3 laviis vinder oxfernnd pressane iy
anadsrod b e Eaterkin et hisd, emplustang (e ¢lfocts of moterial distribmtino,
1743 rser i likekennes, aiul nn....:w.r..__.._... It int beits of Ve el ieal lopermrdencies on
kit bon Tongily anid posdtion hios been shiown T the pnnkysds of the rbeninmie
wiabitivy of delastiinated emmgumite Deatres arilismg mdtlfregueney: tochrignes, F&
Aserofteation, aml Wighesordee shor deformation theeries Syl s erti rmbiabing
FESONTRE evlindrical shelts e shosm (st free sibmtion ebssrbine, miialycend
ysing, FSIT amd 1l s il Hibe uethod while eomsdibiing Corlolis andd comtrif
wol effects, s strongly nllenced by USNT comlenl, eeimetey, anil baudary eondi-
vioms.' Stmilarly, w wnitied approach for FOG-GPLRE shallowe shells demodstratil
Ut Gl weight fraction, layer smnbior, and bowinlary stiffness signifieantly alfect
watural frequepctos, swith resulis salidatod ngnlnst existing lgoeature. ™ T anothor
vt gation, nonlinear foreed vibratiatis= of perons FOM sandwich eylindsival shells
rewestind that poresity disteibstion, thickpess corio, an] externind excitntions play n
cencinl sule b distermining the nondinear’ vibration tesponse ! Moreover, Zhang
ol 67 Bvestigated the huekding belinvior of rectangnior arthotpapic thin plitas
with tios-elnssical Dowmdary testenints, which wos annlyeed using the finite Fonrier
itegral sl wethod, whicl converted governing crquations o sulvalile alge-
biraie forms il produced remits consistent with FEM.

A tiovel FI2 model based on the discrete-tover approach for Laninatid beanis
T beers formadated to stmlate the boriding and vibeation respotse of laminaled
booms, malnly focusing on ply dnmage 22 The wechanieal behavior of hasalt
armd earbon fiber ceinforeed composite laminate Tus been Irvesthzatinl, comimier-
i FI el an artilicinl noural network for tue beameto-solusin jolit =5 Avither
stily introdiees @ comprohensive approach to prodict luninate fuilure acctrately
nder compressive loads, combining nultkeale filore wddely and sbroetueal analy-
st teelmiegues? 1 The flluenee of fiber orfontition and loading cormelation puram.
eters on meab=saquane dlsplicement b been analyzed, mud vesults are compared to
Kirclioll amd Mindlin’s theary 47 Numerieal i experbnental analyses dewin-
strate g duteeile relitiouship between plate orthatropy. Iintinadiiey conditiine, aid
geansotrie patameters In comporite plates ™= A linkte dement analysis (FEA)
et o] Do bser Diewony choswliopud b preedict daomnge iitiation weil propagation
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in laminated cotmposite plates ymder foreed vibwation and impict Jods Y The
Inflwrmee of temperature, magpetic, andd eleetric potentials is revenler) by analyzing
nonlinear foreed sdhmtions in compesite evlindricn] shells ntilizing Galerkin teclis

s, Maxoel] eriations, and pebifice Diomaedl shiel) theory ™ Zho of alf Y iy -

il the phennmenon of vibmation attenntinn in mtnting thin disks with Areomtic
Waek Holos (ABIT) indentations mosbeled win Ragleigh- Rite. Kirchholf plate the-
E, and Fourler sories, ._..__.._ wilwnthonnd behasior of compMIsity shells _._=__..__ with
CONT and graphone nanoplatelits was examionl wing shell theary, shear defopma-

tiom theors, Hamilton's principlo, noed the differontial quadrature metbod, shawing
that filler distribution and agelumaation stremgly influence the dynamics of the
shells M The teansient rosponse of porons viwoolastie nanobeams amder dynamie
lonching wnd imagiet ie folds roported that pocosity, dasmping, snd megnotio intensity
slgnifivamtly faflncnee oscillation and stability of the shells* Forthormore, buck-
ling and wilirarion of carbem mapatubo-reinforced lanminated plates wire s
with eomvmlition-based methads, emphastrimg the soles of nanatube distribtion,
boundary conditions, and geomotry ™™ Likewiso, Spfaci of al™ anabyeed CNT-
reinforied comprorite plutes through GDQ and FEM, revealing a strong dependence
of natural freuencies on CNT content, geatnetey, and bondary eonditions. More
btoadly. nieshlres mellods lsve proven elfective in elatic and dynamio analyses,
with 5_.1#_3._ tndersioring th role of grometry, boundary ennditions. and mate-
vinl distributions i strvictueal performanee ® The trmnsient response of moving
composite laminates under mechanical load and high -intensity laser irraciation his
alsy heen nvestigated. Results showed that laser lntensity and irrnckiatyed surface
influenes, with ligher laser powet, o pot giaraites greater vibeuthon eenlation
ot eweduction, ¥ A non-destrustive method empiloyiog mpulse exeltation technlques
provided & means to acourately detect the snechanical parametens of laminatid
compasite plates!! In n novel exploration, metastable chaos soeurrence bns been
anilyzed in blstable ssvmmettie lantnated eompesite square shallow shells snde
foundation excitution. The eritical condition b derived based an potential well
evolution, Nighlighting the yole of parametsie excitation in indocing metastable
plenomena.*? Porots-core mictoplates with graphone sanoplatelet patehes shiwed
incrensad stiffriess and Ieguncies with graphene, bul reductions Jue 1o ponssiny
Mahmiowd et wl*? investigate the uanofmicro-seale plates, highlighting the infls-
evien ol nonlocnlity, geormwiry, poraaity, ad reinfiteoment dsteibmthoe on vibea.
tian bobnvior, mblnssing the shortromings of classienl models. ln the case of
arthbatrupiie thin plites with rotationnl reslminis, (he wse of o selined Fmrier it
pral truesdarm formslalio provided seowrale Bewchomark salutions and provided
a dotailed understanding, of the indloenee of bowmliy conditions Txity, and lad
ritiost E_._Eu dnbmedrives ppgreaiches e ofiiad sibeation wodeling, where

(i Alysis with mochine learming wudels cnabled elficient sinmlation

il plotes, eorrogaied and Hat anslo jlates, and Mioa-doldsl
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componite shells, providing valanble nsights on the offects of cracks: lnyup boles,
amd boundars: eonditions while smphasazmg the benefits of helleatdal aned orlgami-
inspired destgees "™ ™ Similarly, suxetic pirzooleeteie harvestors have oen shown
to pibperfiorm eomventional systems due to here nogative Porson’s rabio, oifering
bt T elficloney e sealohility. ™ T the Beld of sdditive manfactinring, reviews of
nluminiim alloys, AMCs, and polynuer yuntrie oompesites emphasiae the fmpact of
s prameterys, i foroemgnts, and tochmingnes such os FOM aod SLA (hoagh
Issnttn i (g, defects, and optimbeation persist " Further, Asmoel of ol
shondits om eposy masoeamposttes reinforeed with NeaOhy nennparticles report sig.
nificant gairm in tensile and adbodve strongth at optimal lnading. whiln predictive
models further enhanes peeformance pelinntion, Stadies on shenr buckling of fune
Honally graded skew plales dononstrated that both reinfororment and skow angle
sy o ddecisive ol in gavorniig the eritieal bmekling respomse. ™ Thermorlastie ron-
pling ln visoslastic meia with cavities undor magnetic ficlds was modeled using
the Misie ....___T.a.,__l._..._.___:.ﬂ.._...._.—._._. frmmiework, which toveals e olleets of Fall mrrenis
wineosity, nnd iernn) et o 24

The instaldlity sone mediots itter and resomance inalreralt wings and fuse-
lnge punols, helping i peeventing stroctoral filore 25 Rotor shaftd o turbines, heli-
coptofs and fet engines undeigo paramettie resomgee; ricogmzing cigonfreguoncies
wids in designing safer rotating machinery and preventiog eptastrophic flluee,
Gear system and rotating dises undergo periodic excitatinns; Kmwing the instabil-
ity xune helpein preventing sudden failure™ These studies eolleetively contribute
to a deepoer wnderstnnding of the eomplex belisvicr sshibitol Ly laminated eoom-
posite structures under voriois londing nnd excitation canditions, offering insights
crucial for their design and application. The eurrent investigation has develogrsl
o mathematical model to analyze the excitation frequeney response for the intaot
and dmosged (cricked) structures. The discretization approach wsing lnite ehimeits
erentes & higher-order unematio widel to evnlunte the parmmotric inetahility, comn.
Fidering n nine-noded oparametvic element with uine dogrees of freedom per node.
The differential equations of mation of the systom ore teansformed into & set of
ordinary ditferentinl equations: nml salved 6s on aridinary igenvnline solution. The
ralinhility of the mumerical model is validated by correlathug the bohavior of 4 filae
nar sheot strncture subjected to dynamic instability. Subsequently, the Rureworl
is ndapted to various zeometrical shapes o nssese ite foanibiility and fexibility in
analyzing dynamic instability response. Further; the verified niumerical model le uti-
lived to evalunte the varions design parameters influcncing the iy oo foatulidlin
of the luminated structures.

L Mathematical Formulation

Ther curvied structure presessing span length of 40, width " wid depth 4"
wisimed Lo be positionsd fn the directions af principal material axes. Le. a, 3

1

— BTTMNITE-

(¥ scanned with OKEN Scanner



Oetoler 8, 2025 1755 WSPE/165-1IssT 27500 N:nﬂmﬁn_:ﬁ
A K. Hahw o of
\\\.‘! . .._.w_. h

. i \ i B
] iy P

) ¥ .. - i

\ /" A

[ /A
—

- i

Flg 1. Lawyrant e the mod b fmpment urve] wbiim e

Fig: 2. Diverse configurstlves af Uhe sirisctnes.

il -axes, respeetivelyy ws shown in Flg, 1 The corved paned by sssumesd 10 be
this camliration of ‘0" mumbers of liners baving curvities pasamseters statial as,
Fo' Hnd eyt along the peincipn] sxes (- and a-axis), The sarious goometrieal
atruetie forms can be eltaimd by altechys the vading of oaevitnse along the o and
A uxes (roler o Fig. 23, o orded 1o hove elaity about e geonictles, o detuiled
abihreviation of vorfous forne i deliberatéd in Table 1.
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3. Resulis and Disewssions

The totiverience study B condiseted nitially 1o verify the consisteney af the devel-
aped wintHemintical model and subsequent compritalionnl ronle, ‘The frequency
pripist sineder exeitation Tins heen analyred for different sfatic load fartors fp.)
neress differont mesh vwristions in density, eanging froon 1 1 to 7= 7. Initlally, the
nmmericn] thodel i en develigped with the goemetsical properties £y = fy = 1m,
Chickeresa patie (g /1) = 200, coventune ratio (e /) = 10, p =10 f. Tnwmipy seqrienee
[ /007y mnl enehr Iaser of Lhe lavap s neignedd with e materindl propeeties
E“.IE" 10, (7is/ Fws D6, il Fisg = 0.6 Cipyf Fiey = 05, wyy - 2% The
eruck btrodnoed i eael of e strnetires ander asnlysia hins the following dimen-
siore v, = LW and ry = 0000 The non-dimensional excitation froaquenny
pespemie be evidmited under dople sijiport oaiil Tseabalary eonditions by vrying
the mish densitios, and the abtained resilts are presented in Fig. 4. The eonyee-
g pesult Tndieates that the devidopie] mathesuntival model preeiets Ele exeitme
tiom frivpeeney te=porse with dodmnd deviation compared to the previons iteration
respiemyée, The sr<popses are esnluntel by anrving the miesh dessitios: lwryomid the
st sz of Glomenls 3% 1, (hey demonstrite consistent hehavior, Henee, o § > 3
clemment mesh size is finalbmd 1o s (he dyonmle exeltation frequency fesponse.
Further, to explore excitation frogqrieney. bebavior of shell-type curverd stretures
without compromising secnraey e computational elliciency, a mesh <izo of 1« 4 iy
consistently employed during the entine stody,

14 S g e e e e e S B
e G St =T xT

05 :
(4
2

ES

024

u.'l

10 s 20 33 . 35
S

Fig. 4, Convergenon resprbse of the smlthlavered cutved shell eamewniehe

TIHITH-1A

(¥ Scanned with OKEN Scanner



PU-RINIELE

MHOLLILS oy Sujunuags soyeaydun o apaom v prazAnoln SEjrun snony
SHLL TR (s pandns o of Fusessed soyoimmmd T s b o adodsas
(*) Sananbiang nosgegioxs oy szspim ) PEPRGARD SL [ [RICIITN PerifLaa. i) ],

EuopLLsT) IPUMBIPPY '1°E

ANonbag) WO (VHOSUAUEID-UOn 011 jo sastitdsn ot} jspaad oy
e e R R o L T L T T e Pradojaasy gy Jo £atasns pyt il S i
L | R T A T T R e I T TR T TR ) JEETEQL WHpITRED [apsdIn | G
prelesnap g | awodess wopiaxn paike o) ang souned aailaag jo yeg
[V SRR P U ) UL o] A u_pmm_.ﬁmun W R ot aemods Saantbion wopy
St puotlna og) o uodpedites Sy g Wi m i poe snppy jo e
Hila poaaedLOoo Ou s ET patEyyo Dy pa s e SPLEAE PO e o
Y LI RORERSER W0 DAV B3NN aypselucng poavemai] o) Shiiombadg dopig
=ja%a By Jo sostodsl o] g gy o opp = fla gy = TRy JERE g = T R
" = PR/ T gy = By (Vg sn paEiesn oo iy o de Jura i o stk
-Jugga o g, ¥, 06/.0] souanbos dndvy pog = 4/t 'wip = T = 4y Ay WU g ki
somugvel (Wagauond g g e s pudbopesap 3y 0 SR I st

e tAibilaedp ORI [T T o e b [T ST Dy AL

B LR TR R LR .___.h_:_r__. L HIG e it h_np*t s belinrias v "aNng

Pl e _.J.if-n-_ Pk FogHe ST
BRI Rl e St Ay ARl s sesle0dsia i Epsdpuinn g yiiodioe y [T

v
i Bt 0L st 0 il ol
] -4
N N .
v e
/ m./.. |
& =0
w - - )
\\\ . ,,r.. J.d/ Ll
" .! il M..
o VY PUY LNV )~ & =9
R LT TS o .
oo SIUIE PUEBENRDY = & g
PP A = it
Ay WAL T~ - &
PO WA ) = . - “ ¥
e N Y

BAMILE CISSIIS0L/ D0 SETT  ST08 'S auggag)

Buipeay ru

(¥ scanned with OKEN Scanner



STWLmELE

gk sl jEumiie s
€ porired any Snpaoadung dgosay) puv RaE0 ol jo e oy Huuegan At Ayl
ety saoumna (1) Ot aInjRAID GIY 0] aEeesan) o ‘esanap] el (s
WY 30 SHRGUIS UL AT SOTPRE v v jo asatd BN I sepETpO ST
SRS A gaoal pessasout jo sausn [ju) Sawpges ooy Sy i eedam
puw Angannnds o o uapiag B mons (00 D paR pF Y0) SO A gam
<paavd S Bupsasaiu] uofFos a0 paysads sty Wl Arse FupE Sigeeg o
Halm HIG 0 Fusapa e Ageuinds e Surdngstp m Sunmsar Ssugie paog si
SOnpaI [Eued (IR S U] PV V0 soRapIND ST GF HO PV 0T HD W Pns SHO
Same 3o Ayl ‘siloun Symomdes apquaaryon (g1 ‘91.1) sews xawaa o oy e
~MOPT [ By} s ssplsfis [Tt PO AAIT S [Pl juaemeos Tepmargis
I = MY pUnOse passgued g0 (¢ 205 tarned podiuge- L supaoneds w sypgpgse g
wge ((eh i) e gy sy g o S o peeesaad At SETIEE PO O Gt Pl
P YLD P Jaei Tied 0 e S0 = U 05N Peof opels ¢ e petked
Ty peappugida v o (Y1) wesy Sipqeisug dunde syl ue ) jo sengu 9

Trnp peoupughs ue (o) ol Lt fd ey e

{03) votpHos Savpunol puo
ol sdor v s paeleu s oslodsin Coudmbol) ey o)) w duopamilial
WS I SN A JO J00))0 00 | CPepLiod jou 51 osiodsa Snranlaog e ol | uo
Wik (UG W] Jo goag)a otp) pue “patud |[ogE-sap) Joo s gy ae pouog kol sl yauss
at) I, W) = e g = NS Daeg 00T SUOTEIEIER ¥ JT[1 APt R
uy ey | =0 P TRy = Fla T = RS g = SR o'y = SR G
W = g ug /o] sononles daduy fgge = /g = B b o oumapjo)
W gas wdopaundied g CApIEE apl oo oo potaag s podoed o0
T T ey R T T e T TR R TR LT e W T LT TR R T TR T

“apantd g () “pneing (W) CpL = el Soeit el g e peapapmaRe Jo HTE] M0 Y e i) g B
() ()

oy

-v

@

/T

& ey - _.
- ...t..l... E e gy W B e i i

nar AT, ey Bppyey spueeiy)

BLOULT GSSC1-991/0d5M S EL 4T0Z '8 BUORO

Buipeay .EN

(¥ scanned with OKEN Scanner



RO

‘Spdinjpiitg i ARjEpU AL O HHUTANG Woap s Azam Fogas o) Stoppey
sl oot g e Fuppdno ST LT = 0 Ep ] S0 STV TLYE ST e gy
s AIRMON MUY N Al =0 PN ‘gD ‘gD WORTIos Agmtion
SSYARIANTIY “AUTTIOST JO Fa00 PARMAQ [isst SRAIHIE [WIMGITLIN pasisiLi EITEESHES
s g AEN) 10 PR SHIC PRCEs . IR00p UV JumlavE w s g
2y P g - smsaasmed Aomomen e (g i) oo wen i o ferred
(UGN pasdmd oy | "R [NDON Y SRR UELEIen e il g J
o) anpr SRR HIE 0T A ApurennEie sudprims Bojpues Arapmiiiy]
g H1 W PEIATITE ST S0 FOME) PO JRINE Yol o) (Tl = ¥ sapm d g
a3 M R 00 (G- 0 (<)) suolpues Lrepimed juampp |0 susnguy wL

waippraoey fuupunog fo yoffa EUT

o Wy D) Hupueasa S0 ST I o
i pasosdian sl suowap (D P 01 W) SH SRy Csuns ug gy i) 49
anaasgo sl ] e v panipizd P astiodsas ssMITIS T AYUIITIOEH 0] Y000 S
Srpasng(e gl (S D) AT U SRR D A I CABITRRRT BRG] R St gl
o proluiuion §1](] 2ASTAMILELET [UIE St A ] SHEIsaL Tl s UL S
TR T (T 8 T CR TR S U AR il )8 A ] sl AT
PRy ) S SHLD OtSany (0 pERA R RIROTEDE IS UL [l Lo s gy
= i puny P apyos] pedinps 4 IS BRI Y1 o4 (whe Seg)
WIS AR 0 e (] Csppegs et 0 s I A LY
u UL [ RGN il §0 UaUal[j apE alepie o) E ST T IS
PRI (RO ARl R g SO B A Y L Wi Uy parptiasadl s gy = o
ARIN] [ 30 o ) gt poutvel flans (eapangels o EICH Otg) U 1) JO0 0L OULL,

._-...:q_- _—.___..._._t..ﬂn- w3 .__.__. _f......:..._... TUE

rpauary (i) gy (6] (1 e e et gpipe guapsne j RECH s Ry 0 daiingieg "2 Hig
1"l (v}

" W
o W w w o w o«

AN L

I\

}_._. LRl i
-

“ 5
1 ..._.J_ _r. s bva
‘«_ h__.__ .__, J.. as W

. w ke
LD = NP el = R -
R S =TI TR P S TR R TR

™ 1 Wy N Y

ROUELZ  CSSIENOL/DUSM SUILL  STOT '8 SN0

Buipeay Nz

(¥ scanned with OKEN Scanner



LU-5L00007

MO (0008 = 1) A e seaagAy ssSupns Bugpoeg sowo] pue Kl
=Ka3f] BayEn] sy o) pancjiy e O o e padvjsp W pun s3] e W
JpeprpEa [ 13V 0TI SRR JOTTITL (01U SWITIHIL] ] ORTL T GevELISEI L0 1{31M MaKIL ]
ostrodsan Kovenbag; woprustaxo ) [(ejng Big) sovaung po esed sl vy 0= o Sooo
sprmes Cepamd [paips eappag s jo sostndear Sauanhogy uogiuoNg (IEsiL-u
o1 w0 {(NE ©3 0F = '3/11) SOreL SEOIDPIE J0 SIUDILIIL K EXMINTH[L UL S0

otyma ssaugaig fogafly SvE

spopie soetoel e aroify ol Cpmuosd g panap
WHULTL Uiy aran) | dooy epotind iUy “pusoiLy ot A[IWTIIITS OAMUO) Earrtonoad
(i Ssaanasag) g £4pou ol TR BTl ] WES e 1] TR PEEIR0) P iip
R U DO S| W (s S et e s sl i S rprisap
O N1 AT K IR Uaiemnod om0 Il SueEse e
[ Ss0don DUEIAY RO adurE JTeg preEase et ({90 tdLg) motpuna yxe v
ut cawamming] CWapdinns epowm saounaid puEr ennspE A 0apa suorrniy
TR AL LS g s g Fuppuarpig KR RIS o jasun Al ma g Y
Jop W ADE[ ey P =) CPRITEr 1] CERNjIES aupd-ng i, poe ueggae
SN (MPOME AOE BRpEagea S (] AEpEeLs [ Aok yaigse - 10 LD
‘e L0) suapaedosd apameat peepapido s speed ((e)g 301 wonipeoa g
g e =t dogavg ey agins o o) gl sEnnl eps St jepeaiog jo
HIC #) U0 (€100 9) |-1L0) nepiupEs Spnanosd jo 1) af) sjnocand wogaos sy

Bl fu t..ﬁ.ﬁ_..... 1T1IE

TP s
wnngpg (0% Wiq) e auss aa) 10 SUOLEe SIpanon FIoHEs jo sausijin] i

Ay i)
wg = el awpian ﬂ::-ﬁ g oo o ] e e Asupiasong o el g S
14) (]

b L
bt o - (4 = 14 s - » o = L
b 3 1]
ST HE L
’ .4_,_.,_ ,._. . Pt 4 .qﬂ 1t :.n
x . __.ﬁ./_ t #. " 3b Gl
-__ ._.,r.... L ¥ [ (1] # .*H i
Foo LN VLT
‘ E.n....-'_.u.. ¥ = = 2=
1 e g o B B B B s B i

L e L T L) E!—._..._

RAOOCLE  OSSELSOL/Od8M 9901 SEOT 'R 199900

Buipeay rug

—

(¥ scanned with OKEN Scanner



g LT

MTVED [V RIVRLY A0 PRI W TR [ D TN v jo saaroduid
ATTITBAT] T TN [RRC T R0 a6 ) e, (7] Sa0qmg [eap SR 0 S [ L

Avginf prap st fo 1l R

Wonambag vomyaxa apuwidp ayg o e
L TR T R U R R R T R T D T T PR T T R e
YR BSOS (T 0y Ty ALpannO8 e S TR SaEposig S
LT LY W) O R iy i cuiban deagqmE gy ey gy {qio) g ) e
N aul ) APEnpoodssoy Hidnes apom 3Ea0rE 01 anp snodel apenegdp
o anogd apa dnpnags aags 0 Bnpearpny SSpegenm: sgaea pus sy e

Aoy (0D haigag (v)
= b Sapun proed e i) (el O jo T S ojyes sl g stumm o) i

L1 L
By oy
- " L u m ir L4 L [L] - i [ ir o
| ] &
W 1]
J i ¥
it nt nt
i L% \ . B
u.._.-.\_. N A 1 "
It vy i I
- ol =y it )y W =0 il ) b ) e
P e L Liy el el i Ly

e T N L e BB 1 B e i R T

) (u}
&3
a1l
FH W
‘l"
1]
1
WP =g VR =i m—
P e T P iy - i
1* 42 WS W

BAODERE  CISSIISUL/OJSAN SUHT LRl Ao

Bujpeoy g

(¥ scanned with OKEN Scanner

S —



G RLOELE

Py sy up gl Y ow powsssaad m g = W sapun o (g pEEpRAs o
[EAI JERpEos Supapgmos Y oyl we (£)/1) st jaadse jo soummpur ai,

o fradye fo peflq L

‘Huyprio] apegs go L aapo Huy
“EQgERp ey Bugpiodums Teseagne (usog snpar [aued by ) o el u i s
ST CATWHIOITIT a0 Ty saama an) ane Csissiod puaaey Suruagin oot e sty
FHIA (1T i) v ynea sy uy g souvnmsas aterand Jo jsu0 sy
=Eb S 0 RS LT PEEILTLE Bayiaage K By f|pagE w)) sesargseaad Sogpeo)
IS TN DL M RMIMANE PIIRPAT A} SNV HIEE THEC T 0 S
“UAPMORY g 1) i sl B IviET Ra) e o aew o np (g
e (g g ) pastiesand s svuoilea Smnba) nopuass pasrigo a5 s

_ ) ey (y) e (v)
U= *of Lapann el fleis poveerien) ks go gt o yoades i aviuibgidg pp By

() %
iy
._..._!.:.!i_..!.l. W e w W1 W W e g

Lo "

£ 1]

b "
. "

/ ) N i3

' i

i 9 ﬁ.._.ql_...:._ H__.._.._...._.._...._I.I = ey [l..._n_....ﬂﬁlnﬁ..”___“ B

WLy (i e ()
o W il el (e e e ekl jo WY o derpr g oy ps o e L B

[ ™)

Il N .

_. T Ilulva e
R e 4] I e T e P kry

e e L T T T |

—

BIOOSLZ  OSSrI9ot/DdsM QEIL LZOZ 'S SMoRy
Buipeoy A

it = T f

(¥ scanned with OKEN Scanner



204 Reading

Oetobor 8, 2025 11:55  WSPC/165-1185D 2THOOTR

A K. Sahu et al

epse (Fig 120a)), inorvmsing nepert mtio ewls to 5 rightwnrd <hift in A el
Yronder spaeing of the IR, indienting thal longer pancls the. highier Iy [ly] dire
dymamically mare stabie, with dedaged omdt of paranetrie intability, Wheteas o
shonter panels {fe. £/l = 05, 1L0) show narkower siti] eleepier I alioe e lzher
cmvatvire=indhier] stilfoess and koot eritieal exeltation theesholds Tikerwdse, in
the erack case [Fig. 1200530, o shoilar tvend 4 olsereed, but witly incresed IR
hevmimelry at s mspect milios. In eontrast, Tl with fy/ta = 26 exdidbit wider
F]'IN’I'!'I:I'I‘-‘IW‘-‘I"“ 1hu h:u-'lﬂ!l“il.}' Torwel andd anpintain symmoiey, II!:I-'L'I',I'IHI\K 1 |1r'|l h;iﬂl'lf'f
pupierd ration podice sensdtivity Lo damngo 1y dispor=mg its influrmier, '

4. Couoclusion

This iy developed o higter-order Guite eleaient mestlel o vt igati the dynamic
frstability hehavior of Taminated curved crnmpuadte stenctret with and withomt
cracks under inplane loads, The model. wilidated with 10.91% deviation from
referomen tesalts. highfighted that enrsaluro futio. gecmetry, houndary eonditiom,
{hicknes Tolio, siatic Toad faeter, and aepect ralio significantly alfret stabiliy. In
accontance with the study carried out. the following obserwtions wore el

o The developed highet-order FE model predicts dynamic instalility af luminatad
curvis] eompesites aorurately. with ~10.31% deviatios from reference data.

o Higher CH impraveds siffuess and nncrags instability ¥egions, while lower (i3

increass lastalility in cracked structures,

Clamped adiges eubanee stabillty, whitmay flexible supports reduce it.

Splericnl and Elliptical sheils show better stability than plate-type grometries,

Tiduner shells delny imtahility ouset, while thickes shells trigger it earlier.

Sintie Iond factos reducen effertive =t {Tess il brondens instahility sones; eracks

srplify this nffoet.
s IMigher aspect ratius lmprove
higher frequencles.

This study s |Loited to single through-thickmess cracks in the alisence of mstes
rinl dumping. and neglect of snvironmental factors, Le. Infhience of tempaestime
and Hromidity. Fripthermeare, only numerical simlatione wery ecommdored, withaut
gxperimental wlidation. Future work conld incomperate the erack prientation and
subsequent propagaliat. nonlinens matarial effocts, and thiermi-hygro-mechanical
couphing to cnnble puaehine-learning:hased predictive accurncy.

This work can be direetly appliee i the design of nerospace faseliges, wings,
anid satellite sliefls, submnring presaire hulls anal mrine vessels, asd defense strue-
sipree s ms sl caings aril rardims, whete stalitbity wnder dynnmic Toudss 1
erithial, Tt alsa suppnts civil applicutions lile eompasite Tridges, tamks, il eurved
rrsols, npd can eubanne stritetneal health monitorg (SHA) systems foe eatly ernck

sitsceptibility to dmnage and elilft lestability to

- ﬂﬂ WTHOOTRI0

e —
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dieteotion, Further, the mode] can be
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