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Post-buckling Behavior and Vibration Characteristics of Patched Reinforced Spherical
Composite Panels

13 Lee*, CH. Yeom*, [. Lee**

ABSTRACT

The finite element method based on the total Lagrangian description of the motion and the Hellinger-Reissner
principle with independent strain is applied to investigate the monlinear behavior and vibration characteristics for
patched reinforced laminated spherical panels. The patched elements are formulated using variable thickness at
arbitrary point on the reference plane. The cylindrical arc-length method is adopted to obtain a nonlinear
solution. The post-buckled vibration is assumed to be small amplitude. The effect of patch in the spherical
shell panel is investigated on the nonlinear response and the fundamental vibration characteristics. The present
results show that the load-carrying capability can be improved by reinforcing patch. The fundamental frequency
of patched panel is lower than that of equivalent shell panel. However, the fundamental frequency of patched
panel does not decrease greatly due to the increase of nonlinear geometrical stiffness under loading.
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[0/90/0/90/0/90/0/90/0] A% HHl2 FAHINeH, 1 EA Table 1 Material properties
XE Table 13 2ok dFzAL 1§59 14 ZdTHS
4 ooz it e $EE 33} 42 I, Properties Values
71&e Aztet vwE = Fig 39 vE ek 3x33% E, 206.85 GPa
4x49] 22T g AIE A9 Aol7t fhow, T E: 51713 GPa
g 3 (119 239 ois 2 AT} ¢ F A F Gn 31028 GPa
DEF [7] 2HE 8x8 LA R T 9% Aol Gu 25856 GPa
Gx 2.5856 GPa
A Vi 0.25
. —
", Table 2 Comparison of non-di jonal freq ie:
',."’ - ':L (A' =0 a\/E/—E) for simply supported and
" / clamped moderately thick spherical panels
. (v=03, ab=1, a/R=0.5)
¢ |
Clamped condition
\ - mode Present Exact [8] Ritz [9]
b 1 1.7359 1.7454 1.7638
2 2.7972 2.8046 2.8281
R Y 3 2.7972 2.8046 2.8281
4 3.7422 3.7546 3.7653
5 3.7422 3.7546 3.7653
0 X 6 3.7696 3.7827 3.8062
7 42927 43091 43337
Fig. 2 Configuration of patched spherical panel. 3 43567 43861 4.4078
9 4.4042 4.4243 44359
10 5.0933 51212 5.1442
° Simply supported
— present (3x3) mode
g R v v Present Exact [8] Ritz [9]
_sop W TosLulN®® 1 1.2763 1.2804 1.2900
€ wf 2 23292 23301 23631
¢ sl 3 23292 2.3301 23631
g b 4 3.3560 3.3570 3.3846
5 3.73717 3.7493 3.7537
°r 6 3.7377 3.7493 3.7537
%0 15 30 25 7 3.9504 3.9437 3.9755
conter 8 3.9548 3.9566 3.9835
9 44039 4.4239 44358
Fig. 3 Nonlinear response of simply supported spherical panel 10 47727 47715 47975

with a/h=100.
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Fig. 4 Nonlinear response of simply supported [0/90]s
spherical unpatched panel with a/h=400 under
uniform external pressure.
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Fig. 5 Fundamental frequency of [0/90]s spherical unpatched
panel with a/h=400 under uniform external pressure.

Fig. 4049 2=9-28 A4S A7) AY gloj7] 9
8to] Fig. 29} o} F9 —tu'— ] A 25%%HE Auggoen 7
g A FANE 2 AF Jy 2. 29
62 #d9 4ol BT Ao ulgEo BRE Yo
¥ ASE et Aotk B8 33¢ JANE B
€ F7MT 1sdle] RAE ze 571 dd(equivalent
panel)9] H]H Y AF wmstAch 159 FAE ZAA0
HEe A3 2Y-A2Z Hole v, #de 4 7t
T EZE AA Ade BT 859y A= Holm
23 AFAA Y ATE vehdo ugZe] ®73g
ddo] 718154 FY AAol I7] W Eo AZe] B
g AERg gt Fgez vepdo ol HL A
71 HgdA 0“332]' 76”'% ‘*]'E]'urxl"" Aol Frtet
o we 7k H9d 76‘ T olBdA FHF WYt
%7kt Fig 72 63, A€ Bole # #d

12 nHEF ﬂﬁr% L]-EH“_ Aotk wigEo| B}
¥ 2729 dde AR 3
AAY 240

L=

%, Fig. 6°14 RAF

ady. sFo] F7Hgel wet 7 e 3438 nfAs
7 BojAY, #X dde 9w neAFEI #Ba
&k ole HAd¥ol IR e A AR FIH} B4
ERRg 37 dielth 74 71F de n{AFSTE
AW BYE, 7 g vl o] B A dde Ha
43 |8te, H&e] B X Hde Fa

FAEFE v
DHAFSFE g 13 AN Aunc ac



H14% £ 4 % 2001. 8 A2 27d 73 54z 29 F32 A 2 5494 33
o DRAFFE Hoprch
3.0 7
40 g
P / ! .
24t P ; a5l /, L
© L7 i )/ /,/
o , / 3.0F Y Aty
X 18} ’ K S fem
I _ //-’
Q: II, ~~~~~ .// g 251 1”-
o ’ e g B2 v
=1 | i e | R
2 1.2 /}/ $2,0 /III
o It = St
& ;1 . 2 15} 7y
Qe e equivalent shell(1.5 x h} @ v /‘I/'
0.6 inside-patched £ i )
i - ide- 10 S S e equivalent shell(2 x h)
p outside-patched I_I’, inside-patched
0.0 \ L \ , \ 0.5 - - --outside-patched
. [
0 2 4 6 8 10 12 &
0.0 Y Il 1 L ] 1
center 0 1 2 3 4 5 6
Wcznler Ih
Fig. 6 Nonlinear resp of orthogonal patched spherical
panel with hp=h under uniform external pressure. Fig. 8 Nonlinear response of orthogonal patched laminated
spherical panel with hp=2h under uniform external
pressure.
50
A
40 00
e
H_ oo, e
g S My '\0‘0\0\0{{' a N
9 a0t RN z
o \3\ / o, AAAA y P
] 5?(& vl e
= ¢, @
g 2or i £ &
c A RAAA o
o | \ &
©
% 10| --g-- equivalent shell(1.5xh) z
= —o— outside-patched e ) ~
L —a—inside-patched © —a— equivalent sheil(2xh) ™. +
0 L L 1 ) © 10 —o—inside-patched
0.0 0.6 1.2 1.8 2.4 3.0 Z --a-- outside-patched
Pressure, p (KPa) 0 ) \ 1 .
0 1 2 3 4
Pressure, p (KPa)
Fig. 7 Fundamental freq y of orthogonal patched
laminated spherical panel with hp=h under uniform
external pressure. Fig. 9 Fund tal freq y of orthogonal patched
laminated ‘spherical panel with hp=2h under
uniform external pressure
A FAE e A 242 S A48 2
2tk & FAE 22 F7H8th 71 HE@h=200)2] 4z
ASE Fig 804 BE AAY 2W.2F APE Rold 4.
goul, oF 27 Kpad] ¢elA AAs ZAFol 2A vgt u = WEgo s EIeFgAME X
\4-1:]- 10“ H]"H -llH_]i _1171-6']- _u.H‘—"o 7_]9/] s fﬁi} A5 om ﬁ'—r"°ﬂ’\1‘_ ‘vﬁ S8 = 7]’%?} —2:‘:}'71‘?‘51'.3__1‘1:12 —1%‘
Sl b r HES - - . _ =
e e o) el 1 AAEA e m g T A AWILOE 24 7Y 4 Hed F42
= of it . © ol 1z w3l s} Fig. 9
& moln At o] W 1A wfasT G e A$ A% EAE AMRYT. 29259 Te B
X BeZa gtk 16 ABF 94 AY d¥Pez ) i
T i % 22 A2e Bk TY 4 ddel Am WFoz o
A8he AgoZ YeRdTh Fig 73 wRIHA 2 37 o B
- - _ o AE BAPE 0 29 AL A golth £ 1
Axe A% adst 234 EdRc 37 Wi Hx Ad



34 ERRCEE 23

A IRAFFE FA8] BARNA gyt A9 BY 9
2o ﬂ'—}ﬂ} H 43 7%%01 A, vPgFel] BT X
dAdol 718kHR B3 &It 27] @R B4 Aol
A stFol @ By, A g A2 FA4e A
Fo] 23 DFAFTFE 7MF A Jehdoh zeud R
dtgol F7hgtel wet wdy & A deiyr) g
o B3d Hde) nfAEFE WA A= Ado) wst
o A gojXA FEch wA HAe FREY SIS
il

et $8% RS BEOR HFNAES AHAY 2
oliz §4% nRAEFY BaE BAsEY EBHY
2 Q% o

251

Ao
rl

1) Noor, A. K. and Hartley, S. J., “Nonlinear shell Analysis
via Mixed Isoparametric Elements,” Computers and
Structures, Vol. 7, 1977, pp. 615-626.

2) Chang, T. Y. and Sawamiphakdi, K., “large Deformation
Analysis of laminated Shells by Finite Element Method,”
Computers and Structures, Vol. 13, 1981, pp. 331-340.

3) Chao, W. C. and Reddy, J. N., “Analysis of Laminated
Composite Shells using a Degenerated 3-D Element,” Int.
J. Numerical Methods in Engineering, Vol. 20. 1984, pp.
1991-2007.

4) Saigal, S. and Kapania, R. K., “Geometrically Nonlinear
Finite Element Analysis of Imperfect Laminated Shells,” J.
Composite Materials, Vol. 20, 1986, pp. 197-214.

5) Rhiu, J. J. and Lee, S. W., “A Nine Node Finite Element
for Analysis of Geometrically Nonlinear Shells,” Int J.
Numerical Methods in FEngineering, Vol. 26. 1988, pp.
1945-1962.

6) Yeom, C. H. and Lee, S. W., “An Assumed Strain Finite
Element Model for Large Deflection Composite Shells,” Inz.
J. Numerical Methods in Engineering, Vol. 28. 1989, pp.
1749-1768. .

7) To, C. W. S. and Liu, M. L., “Geometrically Nonlinear
Analysis of Layerwise Anisotropic Shell Structures by
Hybrid Strain based Lower Order Elements,” Finite
Element in Analysis and Design, Vol. 37, 2001, pp. 1-34.

8) Reddy, J. N, “Exact Solution of Moderately Thick
laminated Shells,” ASCE J. Engineering Mechanics, Vol.
110, No. 5, 1984, pp. 794-809.

9) Liew, K. M. and Lim, C. W., “A Ritz Vibration Analysis

of Doubly-curved rectangular "Shallow  Shells using a
Refined First-order Theory,” Computer methods in Applied
Mechanics, Vol. 127, 1995, pp. 145-162.



