NONLINEAR VIBRATIONS AND STABILITTY OF SHELLS
WITH ELUID-STRUCTURE INTERACTION
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REDUCER-ORPDERIMORELS EOR NONLINEAR VIERATIONS
OF CYLINDRICAL SHELLS VIA THE PROPER
ORTHOGONAL DECOMPOSITION METHOD
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OUt-ei-planeelRdan/ cConditiens
w=w,=0

M, = -D{(9?w/dx*)+v[d2?w/(R*9 87 ]} =0
o*w,/dx*=0 atx=0,L
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NN=0 and v=0 atx=0,L
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PO medes; are exiraciedren| iemporal Snapshots of the response (from
Galerkin seluteRin the pPreseni case)
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Eigenvallies:
Signiiicance or

POImedes
Ao =ABa
B ~ N Elgenvectors: Coefficients of projection
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Nurnaerieeal Rasilis

IS =0L52m

R=1011492m

= 0519 mm

E =98 16 Pa

pI= 1800 kgl

pr = 1000 kg/m=( )
v=0.3

Eundamental moede (n =5, m= 1)
IHarmmenic point excitation off 3N at x = L/2 andb = 0
i = 0:0017

W, , =77.64 Hz

Seftware: for biiurcation analysis and continuation
IMSL Eortran, — DIVPAG routine




Maximum Amplitude of driven mod4, , t(

Maximum Amplitude of companion mod# , t
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Harmonic force excitation

Time response at excitation frequengy w,/, =
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Time response at excitation frequencw/®, , = 0.991 corresponding to point "c"
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Significance of POD eigenvalues versus the number pfoper orthogonal
modes; case “a”
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Significance of POD eigenvalues versus the number pfoper orthogonal
modes; case “C”
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unstable conventionalGalerkir

stable con
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Branch 2 Is not obtained




Maximum amplitude of A, (t) versus excitaton frequency

POD moded with 2 and 3 do$ (coincident)




Maximum amplitude of vibration versus
excitation frequency
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Maximum Amplitude of A, ¢
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Maximum amplitude of vibration versus
excitation frequency
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Timeresponse at excitation frequency w/w, , =0.991
case “c”

Driven mode A, (1)

Companion mode

Bl,n (t)

1st axisymmetric mode A, o(t)
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Force (N)
KA

39.215 39.22 39 225 39 23 39.235 39.24

Time 38.105 38. 11 38. 115 38.12 38.125
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Conclusions
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Noenlinear Vierations: of
Clrcular Cylindrical Panels
and Rectanguiar Plates



Elastic StrairERergy. orthe Panel

Miidale suriace stranxdisplacement(Dennell)

uj, v, W = displacements in X0 and r directions of the mean plane



Chiangesin the cunaiure and torsion: (Dennell)



MVilddierstriace: stralrdisplacement(Noveziiley)



Chaneesin e cunvaitre and tersien(Nevoezhiliey)



EI2StiC Stiralin ENENay,



Viede: Expansion), Kinetic Energy’ and ExtermalllCoad

Single harmenic radial ferce

Simply: stpperied beundary condition With one iImmovdle edges




BESIS Of displacements

Panels With peint excliatien inlthe middlie

Ry mede withiedd numier of circumierential and axal half-waves



GEeemEie IMPEREctions

(Onlyiin radialfdirection; asseciated with! zere) intial stress)

Beundan/ condition






Numerical and Experimental
Results for the limit case
R- o : Rectangular plate

Sofiware: for pIfurcation analysis and
continuation ofi nonlinear ODE



Benchmark case

(Churs Hemmann:, Rikenre, Kadii & Benamar)

A =1 mm
I = 300 mm
=300 mm
Density = 2778 Kg/m”3
Young Moedule = 70 Gpa
[Poeisson Ratio = 0.3

Boundary Conditions:
u=v=w=0 atx=0,L and y=0,|
(zero displacements at the edges)




Validauen oifthe present medel (16 dois)
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e expermental altmintn plate

i (thickness) = 0.3 mm
L (x lenght) = 515 mm
Iy lenght) = 184 mm
Density = 2700 Kg/m”3
Young module = 69 GPa
Poisson ratio = 0,33




BoeUndan/ conditions Used te: Simulate: the
EXPErmentaliplate




Convergence orioundamental mode
m =R =1 (halPwavesiin x and V. directions)







Comparisen REWEEn theory and eXpPerments
(linear resulis)

n = half-waves in y direction

N
o1
o

m = half-waves In x direction

N
o
o

—~
N
I
| ——
>
S 150
(]
-
O
()]
| -
LL

=
o
o

o1
o




NONLINEARTRESPONSE — Step-sine test

(feundamental mede n=4, m=1)
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Comparsen BEWWEEn expernmental and

RAUMErcal resuls
(Excitatieniferce = 0:0005 N linear case)




Companisen ol theen/ and expernnments
(Excitiatien iorce = 0:02 N nenlinear case)

IHardening
iesults




Diiferent volnRdan/conditlions

. free displacements and rot. (experimental case)
. Zele displacements

N 1§ i zero displacements and retations




Conclusions

sRefined modelfior nenlinear vibrations
eff clircular eylindricali panels and fiat
plates

sConVergence of selution

*GOOd agreement withrexperimental
iesults

slViodel suitable for different boundary
conditions



Noenlinear Stupersenic Elutter of Imperiect
Clrcular Cylimdracall Shells




M = Mach number a _ = free-stream speed of sound

y= adiabatic esponent p., = free-stream static pressure
M>1.6
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displacement augmented 1000 times
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Eluid=-Struciure: Interaction: Potentiall Elow:









Maximum Amplitude ofB,, ()
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Conclusions
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