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Abstract: Due to the good load carrying capacity and designability, the stiffener design and buckling analysis of stiff-
ened spherical shell structure have always been the classic and challenging problems. The parametric finite element
modeling method of stiffened spherical shell based on ABAQUS is given, and the parametric finite element model
of the stiffened spherical shell is established. The accuracy of the model is verified by comparing with literature data.
Using the critical buckling pressure and the critical buckling pressure to weight ratio as the main indexes, the influ-
ence of shell thickness, stiffener layout, stiffener section size and other parameters on the buckling of aluminum al-
loy stiffened spherical shell is studied. The results show that the given method can improve the finite element model-
ing efficiency. The circumferential stiffener is of more significant influence on the overall buckling of the structure,
while the influence of longitudinal stiffener is not obvious. Increasing the shell thickness and the section height of the
reinforcement can also effectively improve the buckling performance of the stiffened spherical shell.
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Fig.1 Diagram of stiffened spherical shell structure
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Fig.2 Schematic diagram of fan-shaped surface model
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Fig.3 Schematic diagram of division of fan—shaped model
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Fig. 6 Diagram of fan-shaped model with 5 circum
ferential stiffeners, without extra meridional
stiffeners and with extra meridional stiffeners
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Fig.7 Schematic diagram of beam section of the stiffener
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Fig.8 Schematic diagram of load and boundary conditions
1.1.5 ZHULABRITH A

AR SC 6 ABAQUS WK I & ke 2 37 i A
BR5EA R IC S BB R SR python £ b 2 1115
FHo MKHE RSB 2, B GULHR 4 , 5
IR0 7577 1R 7 45 K4 AT PR e AR A 11 Pl T

K HZ S 8O BRoT @8y vk, R AR 98 %
L AR S8, BT P g N7 R ] ROSE AR EE
AN TR AA b AN T o 5357 T8 2 K 3% 46K T 1 i £ Bk e A
BEL AR AR i 4 77 R 5 A PR T L AR A5 7R % 4R A
X o3 7R AN 9 Fos o



% 53 T RAE ST ABAQUS BN BR5¢ 2 000 el B it 20 B7 127

Ca) Jin sy Bk 52 JL Ay 452 2 2

(b) Ji i Bk e A% 7 i

IO sl Bk 7 J LAy 455 2 % [ 7 B ]
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model and mesh of stiffened spherical shell
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Table 1 The material properties and dimensions of the spherical shells without stiffeners

A 4 5 FPERL G E/GPa v a/mm h/mm t/mm R/mm
D1 207 0.28 83. 060 1. 90 1.00 1816.5
D2 207 0.28 83.065 2.15 1.02 1605.7
D3 207 0.28 83. 050 3.93 1.03 878.6
D4 207 0.28 83. 060 2.96 1.76 1166.7
D5 207 0.28 83. 050 4.56 1.76 759.3
2 MFERFE MRS G R F 3 SUEREE R 5 A RICEE Ry A
Table 2 The material properties and dimensions of the Table 3 Comparison of literature results and
stiffened spherical shells finite element results
; ; . ; LT i P'/MPa P,./MPa 2/ %
BH Kot BH Kot i :
D1 0.044 0 0.044 14 0.3182
MR L E/GPa 206 t/mm 27
D2 0.057 1 0.056 66 —0.770 6
-

Y 0.3 t,/mm o0.8 D3 0.2100 0. 210 00 0
R/mm 5080 b,/mm 4.851 D4 0.3580 0.369 90 3.3240
h/mm 2024 D5 0.744 0 0.732 20 —1.586 0

WI([E3Z) 7.8300 7.689 40 —1.7970
FIIH L3 Z 804k A R oA AL e 2 488 A i 47 W2(f33%) 7.6370 7.645 50 0.1113
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Table 4 Material properties and dimensions of the
aluminum alloy spherical shells

i1 Kl e Bl

E/GPa 71.7 h/mm 3.93

v 0.33 z/mm 1.03

o/(kg-m ?) 2.81x10° R/mm 878.6
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Fig. 10 Relationship between critical buckling
load P. and the thickness of shell
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Table 5 Location distribution of circumferential stiffeners

4 ECH C/% Cy/ % Cy/ % C,/%

1 20 - - -
2 20 60 - -
3 20 40 70 -
4 20 40 60 80
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Fig. 16 Relationship between the position of
circumferential stiffeners and critical buckling load P.
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Table 6 P.and P,/ W under different stiffener section
size with 8 meridional stiffeners

PGS R e 6 A A (P/W)/
B /mm JE/mm P./MPa (MPa-kg ")
10.0 0.50 0.097 05 1.387 07
5.0 1.00 0.094 94 1.356 84
4.0 1.25 0.101 10 1.444 95
2.5 2. 00 0.122 12 1.745 33
2.0 2. 50 0.138 19 1.974 96

T ZFFEE SR L6 ARRNSE A RSN PSP/ W
Table 7 P, and P./W under different stiffener section

size with 16 meridional stiffeners

PTG PR R MR (P/W)/
B /mm B /mm P,/MPa (MPa-kg™ 1)
10.0 0. 50 0.094 54 1.220 70
5.0 1.00 0.106 65 1.376 96
4.0 1.25 0.109 68 1.416 16
2.5 2.00 0.142 84 1.844 19
2.0 2.50 0.173 42 2.239 10
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