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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.

Keywords: stiffened panels; twist angle error of stringers; parallel sequential sampling; lightweight design

IS REAR AT 2R 5 S B A8, T AR R B BE A A A A2 Al T A, e UL
RN AZ —, W BA R RE JRB O i i 288, TR e 5 08 5 Ja it #) b e i
RGO SFARE ST, B Z M FAUEROR S RERATRIRE N RS - R
B SRR I SR S UL BT O A T DA REAR L et R P A A Y I TR 22 s
SN AR BOT SR E R A BT R AR PR S SME AR S X A R R
W AL F ARG . BT R AT BRI, TR S R A R SR

Wi HH#A:2023 - 11 -28

E&UWH: K ARFAIESRBITH (11902348) s WiF & H ARk 5EE BB ITH (2020115650 5 & B BB R~ =FHIF R B8 By it H
(ZK20 -27)

E—1EF RN (1989—) 5, W REHT £ A, B, 14, Bl 44 20, E-mail ; zhangdapeng@ nudt. edu. cn

SRAEIEE : T4 (1997—) B AMRER, AP Az, E-mail : yubaoshi2020@ 163. com

SIS, XIWH , T, . BRI REAR LB [) ], BRI 224, 2025, 47(6) : 157 - 167.

Citation ;ZHANG D P, LIU G R, YU B S, et al. Optimized design of stiffened panels considering the twist angle error of stringers[ J].
Journal of National University of Defense Technology, 2025, 47(6) ; 157 - 167.



- 158 - ESl iR A N = R

547 5

B, ROT iR 22 JEA 15 22 S5 AN i R 3R A 4l R 7K
ZMERE 52 0 23 B 32 3 o FH B 18 )2 T o

BTV RE I 45 R Y g AR o B S AR
T, B N A2l R AT PR 7 U AR
— SR BT W BE A U AR ST SF R TR
BT AR R S B rh 52 I 5 2R 1 I DAl
i o o AR 5 3 PRI AL e Wi 7 328
A RS TR & R R W R R Y AR LA
Pz Lima 0 ST 2L ELE Kriging A5
SEIT AR BE B 25 R R R Y O AL . Zhu
A TS R R S B SE A XL T 6
AN )RR 55 0 4 e ERE I A 45 44 TP 1L
RS SR . TR ST 42 1 3 R 4L ( radial
basis function, RBF) i {RI#5 7Y 58 g 590 0 5¢ B2
Wik &I e 1 sk it . BT iId e, 2
W1 2 N e 352 W T — R s IR 45 A 42 Ak e e 1k
B, PRI g X 15% 2 I ke o w7 B e 1 U
PR, PRI PR 22 I RS2 R et R B
e AT SRR S AR A (B

BI040t T o B 5 ) B Bk o 11 2
TEJT i FTEE T B AN [RDBURE ST R 9 in i 72 I
Ji& 1 EREARURNE I3 T o 5 2, SRR I A BE Al
ST MR E A HESE , SEB T B Sy il HL
GRS . A RS T R
BUEMER I R e R R RO R B 5 05 i, E
i 2 SR AR S BT L A AR T T R BE
DR A TR B2, I R S 3 R —
AW N b7 ) R P2 R v R 1] R <
AL A R (5 feT S A L AT B AN B 5 )
R, BT R I B A A T ) I SR P BE ML Y, 5
AT T et oty 2 A AT 0 R -, AL TR ) T AT R
SCRRE A, T RRRE R X KR 5 Uk
HERT T2 N T 2 A R A3 [ A S A Ak 1
T BRAS TR I T AR AR R T M
ARG o Sia v T st Al 28 50 i i X
REEATR ™ 5 62 A 57 205 4 ) ke o B, 2 s 1
ACREA T BT AR TS T o R B I 377 235 4 P
SSZHLRIE O, W RS LT A i R, R A
Ritz 235K 1 BAMRMT 4% S 4T L S5 ) BE 20 A5 T il
HRAGHE B SO AR A8y , 0T 1 M L X 4 vy
HRERE SIS, (HIF R 45 S5 A A B3t 7
Ro TESEPR AR h M AL iR 22 (L B
AT REIRZET ) ST RN A A5 A Y 32 BN TR
2 A Z— B H A CMT AL B 1R 22 5 W
Mg T SEAR RT3 0 o BRI, Sk B2 I Ay BE Al )5 22
ARG AT SEVE 5 2k, MAUR R — B % IR

Wik A% BE R 22 A T SRR T vk o

BEXS BRI, AR SCH Yot 9T T i 80
TS B R ) s 35 2 ASHIL B, 20 B S5 T 4l R i it
KA [RImE, 4R TG A4 B2 iR 25 T 45
AT FENE, FRE T A5 A4 il [ R 8 RE X # AR ATLA%
JEBRZEMBURNE ST Do ds T TREHT, 484 17—
MO 2 5 0T S SR W (49 9147 e 910 el e Ak J7
AT ORI EER T S I JE 1A 18/
BT AL R ZE LA BT, &5 A I R iR 2
SYRTIRT™ 4yt T AN A A 5 15 2 (K AU
YRR BT T7 58, S BT 1A BE AR 14 ml e
P2 LA TR R AN

1 fnEAEENR S 8 Hh 53 1 B ALK Bl R 4 i

1.1 EEREREIEE 5

AR SCRISE (8 100 353 BE A 4 4 >R [ I L™ B
HIZREIATINAG , o5 — M0 L7 B BT St [ e , B4
LERY R S S L Y4 0 600 mm , FLAASEH B A T
U LL B E 5 4T 2% A9 B R T LA S R 18T L e
Mo FoH apg b eng T di R S HE AT ) 9 J3E
SGIRIE by Lo Lo, T 2, ST A R IR B 3 A 45
AT JREBE S,y vy, g R B, AT PR AR B 32
i S8 AR AT 1) P 5

I EERR b 25 TR R TR AR, B
BIZRANEE 1 P O T i) He 28000, 42 57
LIRS B0 B S R AR X R ik S
(B SC AR, b S 0 G A e o s g o S
S BEAR S A AT BROTAE A , B R T 5 1A s
(S4R) i 1 X8l 71 2 0 M A e il s ) i i ot
R o BRI 2R A A JC IR S0 A RN 20 B2 JE
HEATHTIAE " B RS IR B 9 A% LSSy 8 700 A~
BAIL.9 212 AT g AE b B A1 JE) T it
10 mm 5 RIAEAS , N BGHE JE O 200 mm/s, AR
TR, A R B LT S50 T
BOHEREINER 2 Fis .

(a) WS EATILT

(a) Components and load boundaries



%5 6 3]

SRS , 25 - 7% ST AR AL J3E DR 22 n A BEAR AIE fL i 159

(b) MBI R R 28

(b) Section size parameters

BT i B AR B ] B HL e 55 T 2 i RS 25
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

MEZE Bl
B/ (kg/mm’) 4.45 x10°
BPER R/ GPa 110
NEL /N 0.3
iR JIR 5 i/ MPa 825
% R 58 2/ MPa 895
FEfI R/ % 10
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Tab.2  The initial value and design ranges of design variables

AR (s ann i
£,/ M 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
t,,./ mm 4 1~5
@pg/ mm 60 40 ~80
b/ mm 130 100 ~ 150
Cpx/ mm 8 5~10
dpy/mm 7 5~10

M/kg 14.552
F.o/N 1.132x10°
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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.3 Twist angle of stringer and its meshing
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Fig.4 Curve of structural load-carrying capacity with stringer twist angle (at different distribution positions)
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stringer considering the twist angle error
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Tab.3 Initial and optimal values of design variables

without considering torsion of stringer

A wh vt At
¢,/ mm 1.2 1.017
w,/mm 30 30.315
t,,/mm 5 5.409
hy,/ mm 50 82.104
tg,/mm 2 1.006
w,,/mm 30 20.001
t,,/mm 3 1.329
h,,/mm 10 13.396
¢,/ mm 4 1.158
dp/ mm 60 40. 064
by/mm 130 101.331
cpx/ mm 8 5.016
dpg/mm 7 5.034

M/kg 14.552 9.875

F./N 1.132 x 10° 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

AN IEHT % EFr-tiiv S 1y
Gy iRz RS 2%

AL A% HI DAL
Ly 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
Iy 1.006 mm 1.001 mm -0.50
w,, 20.001 mm  21.532 mm 7.65
L 1.329 mm 1.194 mm -10.16
R 13.396 mm 9.855 mm -26.43
fon 1.158 mm 4.745 mm 309.76
apy 40.064 mm  40.002 mm -0.15
by 101.331 mm  100. 044 mm -1.27
Cox 5.016 mm 5.000 mm -0.32
doy 5.034 mm 5.000 mm -0.68
M 9.875 kg 9.880 kg 0.051
F, 1.130x10° N 1.131 x10°N  0.09
k 24 18 -25

TE AR = (FIEM AL LR 22 ML AL - A28 T A SR L4
BERRZEM AL ) /A% IEHT AT BERR ZE I LALLM % 100% .
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structure of the stiffened panel considering torsion of stringer
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