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

JJ. Lee*, CH. Yeom*, I. 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 nonlinear 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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Fig. 1 Kinematics of shell deformation.
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Fig. 2 Configuration of patched spherical panel.

~
o

—— present (3x3)

- - --present (4x4)
© Noor & Hartley [1]
a To&Liu(7] 8x8

Pressure, p (KPa)

[} w -~ o .3
o (=] [~ o o
T T T T ™

-
(-]
Y

(=

o
o

1.5 30 45

canter

Fig. 3 Nonli resp of simply supported spherical panel
with a/h=100.

Table 1 Material properties

Properties Values
E: 206.85 GPa
E» 5.1713 GPa
G2 3.1028 GPa
Gz 2.5856 GPa
G 2.5856 GPa
Vi 0.25

Table 2 Comparison of non-dimensional frequencies

A=0 ANPIE) gor simply supported and

clamped moderately thick spherical panels
(v=03, ab=1, a/R =0.5)

ode Clamped condition

Present Exact [8] Ritz [9]
1 1.7359 1.7454 1.7638
2 2.7972 2.8046 2.8281
3 2.7972 2.8046 2.8281
4 3.7422 3.7546 3.7653
5 3.7422 3.7546 3.7653
6 3.7696 3.7827 3.8062
7 42927 43091 43337
8 4.3567 43861 4.4078
9 4.4042 44243 4.4359
10 5.0933 5.1212 5.1442

Simply supported
mode

Present Exact [8] Ritz [9]
1 1.2763 1.2804 1.2900
2 2.3292 2.3301 2.3631
3 2.3292 2.3301 2.3631
4 3.3560 3.3570 3.3846
5 3.7377 3.7493 3.7537
6 3.7377 3.7493 3.7537
7 3.9504 3.9437 3.9755
8 3.9548 3.9566 3.9835
9 4.4039 4.4239 4.4358
10 4.7727 4.7715 4.7975
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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. 4o}A9] 2~ 322 @45 &4dA 7174 o7l 4
3t Fig. 28} o] FRFoNA 25%E Augoez 7
g gy FANE ELL HF Yu2 Bysg. 19
62 Wl StFHol B 7o upgFKo] B @
HME AsS Jerd Aol £ BAE sAE FA
g Z7MNZ 159 FAE e 591 9l 'd(equivalent
pane)] HAE AF 3 vt 159 FAE F7HAQ
W A3 2288 Hols Wi, mde T 3
F 272% @A fee EAAT 35-HY Axrt Hojn
Z3 APAHA nAdE AFE VERATH uig B npg
Hgo] 7&AA FY Aol 27 WEA ¢HFHe) 1A
3 oodect A Ao Jehdt 9gte] He AL
7t Aol FAE Aol vElgARY, ool Foet
of gt 37t HEL 5 &F oA 73] ¥y
Z7h3th Fig. 72 Fig. 69 WA ASE Kol 7 W4
9 1A HAFF BEE Jeld Rolth niEHKe) BFY
g odide] RRAFFE AFKol HAG Mg Axdg =
o} W% #F 0= A9 Fig 6914 BAFE AP Aol
37 didel A 71F A7 dEl IR JAEF A AF
A &Fo] Frtdd et 7t Hde 343 1/AdF
F71 BojAY, #x #de a4t a4 EFT 24
gt ol WlMde] 3A gL AL AFY A BA
Exrg 27 ok o)A HF R AFAET
A BE, 7 Add uigFe] BAg X ddel F
I1HIF H) 59, Q&) RS Hx Hde F
A5 uigFe] B3 shA sidrct 3ok

i

B b

2o
T
A
T

=]



F14% F 4 % 2001 8

A2 BB 7Y HEAE AL ¥R AF R EHHY 33

3.0 &7
—————— _-’J’—
- 7
2471 R /
.
X 18f / S
’ /
b : LA e
o s A .7
3 12} ./'
a K
2 "
o i’ .
g/ e equivalent shell(1.5 x h)
06 inside-patched
’j’ - - --outside-patched
0.0 L s L L L
o 2 4 6 8 10 12
center
Fig. 6 Nonli r of orthogonal patched spherical

panel with hp=h under uniform external pressure.

10 F ..o equivalent shel(1.5xh)
-o0— outside-patched
—a—inside-patched

f N

Fundamental frequency (Hz)

i 1

0
0.0 0.6 12 1.8 2.4 3.0

Pressure, p (KPa)

Fig. 7 Fundamental frequency of orthogonal patched
laminated spherical panel with hp=h under uniform
external pressure.

Ao FAE dde FA9 2uiz FS FSE v
Btk F FAE 282 Uk oh S0 9 d(@h=200)9]
ZA$%E Fig. 804 BE AAY 29-2F%F @4 HolA
o), oF 2.7 Kpa® A AAs Aol A e
vl o) whs) A2z R fde A9 NYE FI
< Bolx Aok o @9 13} n{FAFSF WA Fig 99
A BoFEa ok nf JAFF FA A9 Mdyoz @
43te Aoz Jehdo Fig 73 AR E e a3
AME A% At A ARG A7) BEd Hx W

o]

20F e

Pressure, p (KPa)

1o0F S/ === equivalent shell(2 x h)
ir —— inside-patched
o5k - - - - outside-patched

;

0.0 L . 1 L n
0

Fig. 8 Nonlinear response of orthogonal patched laminated
spherical panel with hp=2h under uniform external

pressure.

N -~
—a— equivalent sheli(2xh) .5
10| —o—inside-patched

-a— outside-patched

Fundamental frequency (Hz)

0 . 1 1 1
0 1 2 3 4

Pressure, p (KPa)

Fig. 9 Fundamental frequency of orthogonal patched
laminated spherical panel with hp=2h under
uniform external pressure

4 4 &

AP EL MY THRITLLWE Y
o] HA7E Augos witd 73 4 Hdy F32
AEH IEF B 2HRAY 2d-2F e ge Bad
g FHE d4E Hole 7Y 4 #idd AR oz 9
AE BARE W 293 AT vegA gk =]

£ d7dAE HYE
<2



34 o} Q- gaAF ol

RS RaE

A LHAEFE FH38 AR &k WA B 9
el wat vy AFo] LAY, upgFd B A
Aol Z1aAA A4 ARt 27 AR B FEel
Ak 3Fol 2 Ff, HAT fe WA FEE A
ol A1 AFAFFE 7 AA vehdo a9y iy
BFol Sl wet wdE ZdUt A dEhdsl dE
o B3 sde] nRAFFE AHAI Qe Al v
o 2A EojAA Fe=o wHA WA= FEE FUE
shed 83 AL Bl AFAALRE MAAA BT
ofizt FAY AAFTT TEE WA= R

L

Fardy

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 Engineering, 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,” /nt.
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 Shatlow Shells using a
Refined First-order Theory,” Computer methods in Applied
Mechanics, Vol. 127, 1995, pp. 145-162.



