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Parameter optimization of a mid—fuselage pressurized dimpled panel based on
critical region retention constraints

CHEN Yajun', SONG Chucheng', XU Siwen®, SONG Ziling?
(1. Sino—European Institute of Aviation Engineering, CAUC, Tianjin 300300, China; 2. Shanghai Aircraft Design and Research Institute,
Commercial Aircraft Corporation of China Ltd., Shanghai 201210, China)

Abstract: To address the risk of fatigue crack initiation in the pressurized dimpled panel of the mid—fuselage of a certain
civil aircraft type, this paper establishes a multi—objective optimization procedure oriented to the dominant con-
figuration of the crack critical region (R region). Firstly, the dimple fillet radius r, the panel thickness t and the
dimple height h are taken as design variables. The objectives to be minimized are the maximum principal stress
in the R region and the structural volume of the dimpled panel. Secondly, critical region retention constraints are
imposed on the remaining stress concentration regions. Finally, the optimization is carried out based on the de-
sign of experiments and surrogate models. The results show that the mean absolute errors of the surrogate models
in predicting the maximum principal stress in the R region and the structural volume are 0.39% and 2.59%, re-
spectively. The degree of influence of the dimensional parameters on the stress in the R region follows the order ¢ >
h > r. The critical region retention constraints can effectively prevent the migration of the dominant high—stress
region. The prediction errors of the maximum principal stress in the R region for the recommended configura-
tions are —0.16% and —0.49%, respectively. The proposed method can reduce the stress level in the R region
while taking lightweight design into account, and can maintain the R region as the dominant critical region. It
thus provides a reference for the dimensional design and configuration screening of pressurized dimpled panels.
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Fig.1 Structural diagrams of the dimpled panel
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Tab.l Material properties of 2024 (Alclad) —O-T42 aluminum alloy

tmm  FEPERTE/MPa JAMMEL JEARGREE/MPa PR EE/MPa

0.23~1.57 72 345 0.33 241.1 406.5
1.58~6.32 72 345 0.33 261.8 427.1

SR AR R AR BIE 9 DX 5 B 28R A 6 TN 1) X
PR T HAT XS FRAE , T XK S A& 2 s i) 53 2
— AR (R AR TR B A T R A
BURERERF , Z W2 B Ao XS ) A 254, HH )
FEF R S BT UA, IR B R X 4%
KB B AR AR o R AR BT
SERE L R B S R LA R ) SR B, B TE RIX 4
155 AR AR A R T 22 43 5 R 1.43% .2.19%
0.85%, R, JE 22k FH AR RL A T S 504k

B2 BANEFREM_Hz—ER
Fig.2 Half model of a single dimpled panel structure
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Tab.2 Settings of dimensional parameters
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Fig.3 Procedure of dimensional parameter optimization

N ARAG VTS (B AN R ROSF 2 502 & 1 S5 46 )
N, ARSCFHETF HyperStudy FFREUEI S %11 (DOE, de—
sign of experiments ) , >k FH T N7 7 5 A8 UREAS A,
SR BT RHGR R TR B DOE R B
144 21 o JR SEEH N W iR 22 M YA AR AT BT DX TE] R FE 20
AR, K o8 BOBE T e S AR TR 2%
HyperStudy 38 i it Ab 3 30408 A Abaqus S5 LS54k
DrEL S W AR, 34T DOE Hdls o S5 5 55 2R Mok
A DLHARAT BB A S I 5 a4 e AR B AL R
1 H shil A KIS (FAST, fit automatically selected by train—
ing) , R G HOR A SR AR, 37 RSP 240
S5 AN 2 [A] AR DG R o 33 4 RS SRR
SRR A BT AT BROTEGIE , 38 5 b A A PR L T
5 AbaqusTHEAR, 730N oV B PEIRAG S IX PR35



a4 S

WRIEZE, RAEIR, IR R, A S TE B XIS R B LB U TR s eS8

-03 _

M 7, ) FRE 2% 22 o 12 36 U Ty 2 BE 6 kA A VI 2R
A HEAT A R, e 2 TP R 2 H ARt
St TR

TE5E AR AL N KoK BE S0 UE /S , R Hyper-—
Study HIIEALCOPT)BEHIT £ H AR AL . PEALR %
39 FH 4 Jey i) o $8 28 75 (GRSM, global response search
method ) , 255 %[RRI TAE B SR A, LALPFAl vk
Bl 200 W, BRUCIEAL R MO 2 AR A, LAskE SR>
Sl O3B S S BUR I A R 2k DR 5E
Joi , XoF 45 SR AT L ORS: A A (A  E , B AN 2
W PR R Y R AR BT O AR W AT A, A2 58 RATHT
T 5 7R3 I AR AT AT A A AN AR Al Al Y
REAS A AR TS ARG R X0 ) AEE /Ny 25 R AR, )
W LA 5 A RFT IR o HEE A B B PR IR 255 75
o Vo B P S I DXCPR AR I 107 ) (B /DN, 4031 i
BRI R R DXARN AL SeM BY  fe e Tt
SEHERA R Y A FRTTABE AR, X4 QAR A S0 45 2 K s
W DX AT SR A, DASS AR SR 1 T Sk

2 ZR5itE

21 REHZBESERNE
R A BRI B ) TN E 7 , e B 4
HARZ Y DOE Yk )T S B & BT R A RIT
D5 A BROCOT BAE S A RS R Tt BEA T X 1L
HXHRZE § THEAZY
5= (2)
YFE

R,y 1y 239010 S ARSI F5T0 (R BR ST 05 1L
1B SRS A B HEA T S0AIE , 7T 3R S VI ZRAEAS 5 e
FEAR FE A OB BE DA i SR
R 3 AN [ R 2R A R T (LS A R T 0 L
Z IR R 22
®3 BNE-HTEERE

Tab.3 Errors between predicted and simulated values
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Fig.4 Pareto charts of design variables and structural responses
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Fig.5 Pareto scatter diagrams in the objective space
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Fig.6 Example of a critical region migration configuration
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Tab.4 Pareto optimal solution set of the dimpled panel optimization
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Tab.5 Finite element verification of the recommended configurations
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