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Optimized design of stiffened panels considering the twist
angle error of stringers
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Abstract; To meet the requirements of lightweight and low error sensitivity in the optimization design of stiffened panels, the optimization
design of stiffened panels was carried out considering the twist angle error of stringers. The finite element model of post-buckling instability of
stiffened panels under axial compression was established, and the sensitivity of the load-carrying capacity to the twist angle error on stringers and the
distribution position of the torsional stringer was analyzed. On this basis, a sequential approximate optimization method based on surrogate model
was proposed by using parallel sequential sampling strategy, and the lightweight design of stiffened panel was carried out under the influence of twist
angle error of stringers. The optimized results show that, compared with the optimization design scheme without error influence, the optimization
scheme considering the twist angle error of stringers has lower sensitivity to the twist angle error when the weight is reduced by more than 32% ,
which can effectively improve the reliability and engineering application value of the optimized structure.
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Fig.1 Diagram of stiffened panel and section size

parameters of end frame and stringer
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Tab.1 Material parameters of stiffened panel components

MRZE ol
A5/ (kg/mm’) 4.45 x10°
LR/ GPa 110
THFA L 0.3
JiE IR Ji2/ MPa 825
1% PR B/ MPa 895
FEAAR/ % 10
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Tab.2 The initial value and design ranges of design variables

AR BT 112 il
£,/ mm 1.2 1~2
w,,/mm 30 20 ~40
t,/mm 5 1~6
hg,/mm 50 40 ~100
tg,/mm 2 1~5
w,,/mm 30 20 ~40
t,,/ mm 3 1~5
h,,/mm 10 5~15
¢,/ mm 4 1~5
Qpg/ mm 60 40 ~80
bpx/mm 130 100 ~ 150
Cpg/ mm 8 5~10
dpy/mm 7 5~10

M/kg 14.552
F /N 1.132 x10°
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Fig.2 Axial displacement —load curve and buckling failure process of stiffened panel ( magnification factor of 5 times)
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Fig.4 Curve of structural load-carrying capacity with stringer twist angle (at different distribution positions)
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Fig.5 Curve of structural load-carrying capacity with characteristic geometric parameters of

stringer considering the twist angle error
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Tab. 3

Initial and optimal values of design variables

without considering torsion of stringer

G () eyany Akt
£,/ Mm 1.2 1.017
w,,/mm 30 30.315
t,,/mm 5 5.409
hg,/mm 50 82.104
1,/ mm 2 1.006
w,,/mm 30 20.001
t,,/ mm 3 1.329
b/ mm 10 13.396
f,,/mm 4 1.158
@/ mm 60 40. 064
b/ mm 130 101.331
Cpx/ mm 8 5.016
dpg/mm 7 5.034
M/kg 14.552 9.875
F./N 1.132 x10° 1.130 x 10°
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Fig.7 Axial displacement — load curve and displacement contours of buckling failure process of the optimized

stiffened panel without considering torsion of stringer( magnification factor of 5 times)
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Tab.4 Comparison of optimal solutions for stiffened panels

with/without considering torsional errors of stringer

A M F B

Ak HEEEGRE  HEERE ; /{2
LRy wta T2 DA i
- 1.017 mm 1.000 mm -1.67
w,, 30.315 mm  29.672 mm -2.12
t, 5.409 mm 6.000 mm 10.93
hy, 82.104 mm  80.981 mm -1.37
Ly 1.006 mm 1.001 mm -0.50
w,, 20.001 mm  21.532 mm 7.65
ty 1.329 mm 1.194 mm -10.16
Ry, 13.396 mm 9.855 mm -26.43
Lo 1.158 mm 4.745 mm 309.76
g 40.064 mm  40.002 mm -0.15
ok 101.331 mm  100. 044 mm -1.27
ok 5.016 mm 5.000 mm -0.32
dpg 5.034 mm 5.000 mm -0.68
M 9.875 kg 9.880 kg 0.051
F, 1.130 x10° N 1.131 x10° N 0.09
k 24 18 -25

TR = (5 BT AL, BE R 2 DAL — A8 AT Ak L e
JEBRZERI AR ) /A5 AT AT BE R 22 R RAL R x 100% .
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Fig.9 Axial displacement — load curve under maximum error and structural deformation of optimum design

structure of the stiffened panel considering torsion of stringer
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