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Optimization Design for Stiffened Composite Wing Panel

Mao Jiabing, Wang Shengnan, Liu Jianhui
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Abstract; For loading efficiency of stiffened composite wing panel, the equality of global bucking load, local buc-
king load and static load is used as the optimization design principle. Using the concept of stability efficiency fac-
tor and composite material stability analysis method, the primary optimal design of stiffened composite wing
structures are realized. The efficiency factor diagram of different materials and load cases is obtained by PCL
secondary development codes. Results show that the method by using the efficiency factor graph with composite

material stability analysis method can rapidly realize the stiffened composite wing panel primary design with high

load carrying efficiency.
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Fig.1 Initial buckling stress of Z stiffened plate
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Table 1 Mechanical properties of T300

Ik S B E
E11/GPa 125
Ez /GPa 8.9

piz 0. 315
G12/GPa 4.5
G23/GPa 4.5
G13/GPa 4.5
B/ (kg * m™3) 1700
B R SR VE R BE 1/ e 3500
BERE/mm 0.125
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Table 2 Mechanical properties of two kinds of

orthotropic material A and B

A R B

ik 3:3: 4 B E bk dcq: B OE
En/MPa 84 100 En/MPa 120 000
Ez2/MPa 28 400 Ez2/MPa 10 880

w2 0.374 iz 0.3
G12/MPa 12 800 G12/MPa 6 250
Gz /MPa 12 800 Gz3/MPa 6 250
G13/MPa 12 800 G13/MPa 6 250
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Fig. 2 Efficiency factor of composite T300
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Fig. 3 Efficiency factor of aluminum
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Table 3 Optimized parameters of wing-box

SWELH HRALE
&EK /mm 2910
#B % B/mm 900
AB® H/mm 180

M7 4k [BIBE 6/ mm 90

Ry IRIBE L/mm 485

SR BE ¢/mm 3.75

i &R ts/mm 6. 04
i & AR % A/ mm 28.13
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Fig.4 Geometric model of wing-box stiffened plate
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Fig.5 Finite element model of wing-box stiffened plate
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Fig. 8 Finite element result of general

instability for stiffened plate

ME 8 7] LAE i, 37 55 T8 B B 24 52 5 14 SR 3
S SEME R A=1.145 1, B R EH BRI
W R # A Pi=2 290. 1 N/mm, %] #4 /& i #9116 5L Bz
A 6=0.004 02, BAERBEXTIHEMBEMER
TEAHHEIRZ N 3. 9% . ¥R 5 B2 JE i A0 0 # AR
BAREM A B E AR 7. 7% . AR AT i
BEARE K FHIIR 5 B R R IR R e RS , R A SR
B2 W JR5 8 i 50 T 0 A AR S AR il & 4R BN BR R
R AL AR B 6 iEH TX— M.

4 & it

O B EMMEEFARXNAAE 1 E
I AR g H v, AR TR GRE F R E & AR
i AR G5 AE T B 2 BT O B X 45 B U T AL R BEAR
SHHETBRALBT, IS HTE—ERIRER
B AR R BRTHEN M ER, ETR ERA—
FE R T

(2) W # 3 Fe 8 PR R F B 05 ok it
SRR BT, BT E_ETHER
PR L 3R S B B BE SR 28 , 0020195 J2 3% BE A I A8 2%
MEBHE . HREMHRNERB A BT,
IR 2 05 s LA R B 7 — 2B BT

3 FIAMREEFHERREGEESEHBER
Xt T R A G, R - SRR R E—E
MBHEE NS EEHRERBRE. FIARE
F Patran fi4 5 1) PCL ¥, 7] DI R E B A
[ A 3 A R A B 3R E T

(1]

(2]

(3]

[4]

[5]

[6]

7]

[8]

[o]

(40 MY G 2B R KD ERRE T
B, 5 T HORE T B & bR I R g5t 1010
T5 XL R INA AR S 2 AT R 2 AR B3t BT
G540 BA A X B AR B

B % 3k
EER. SHREERITFMIML b5 Sz TkHR
i, 1996,
Cui Degang. Design manual of structure stability[ M]. Bei-
jing: Aviation Industry Press, 1996. (in Chinese)
EHE, TE4E, TWIE, F. A SRR NGERRBE
HEAPII]. SR AR, 2010, 27(2) . 423-427.
Huo Shihui, Wang Fusheng, Wang Peiyan, et al. Stability
analysis on the ribbed panel of the composite wing[J]. Chi-
nese Journal of Applied Mechanics, 2010, 27(2): 423-427.
(in Chinese)
FXH, DRk, 25, £ WSS RNERzHEE
HERBEEVRALT]. MM, 2009, 30(5): 895-500.
Lu Wenshu, Ma Yuanchun, Liang Wei, et al. Analysis
system of stability and strength for airframe composite stiff-
ened plate/shell[J]. Acta Aeronautica et Astronautica Sini-
ca, 2009, 30(5): 895-900. (in chinese)
TN, BT, KR, ETHEMER N HNE &MY
WALBEI]. B A#E2R, 2005, 22(5): 134-140.
Li Shuo, Xu Yuanming, Zhang Jun. Composite structural
optimization design based on neural network response sur-
faces[J]. Acta Materiae Compositae Sinica, 2005, 22(5):
134-140. (in Chinese)
BB, TER, &8 —HETESHNHRSHHRR
MiREERATEII] E&HRE®, 2010, 27(3):
169-176.
Zhao Qun, Ding Yunliang, Jin Haibo. Buckling optimiza-
tion method based on structure efficiency of composite stiff-
ened panels[J]. Acta Materiae Compositae Sinica, 2010, 27
(3): 169-176. (in Chinese)
W, B, MRE. BAESHOR SRR AR
PL IR, 2007, 24(12): 46-48.
Chang Nan, Yang Wei, Zhao Meiying. Optimization design
on typical reinforced wainscot of composite material [J].
Journal of machine design, 2007, 24(12).: 46-48. (in Chi-
nese)
Farrar D J. The design of compression structures for mini-
mum weight[J]. Journal of the Royal Aeronautical Society,
1940, 1041-1052.
PEAEHRERE. EAMHERREESTREIML dt
T i Tk Bk, 2002,
Chinese Aeronautical Establishment. A guide to composite
structure stability analysis[M]. Beijing: Aviation Industry
Press, 2002. (in Chinese)
B, 2B, TER, & WHRAARBITHENE



396 METEAR

®5%

SHERT]. £ &2, 2009, 26(3): 195-201.
Zhao Qun, Jin Haibo, Ding Yunliang, et al. Equivalent
laminates model for stiffened panel global buckling analysis
[J]. Acta Materiae Compositae Sinica, 2009, 26(3);: 195-
201. (in Chinese)

[10] 3k#hbi. KNEHWARITWIREFEMAED]. B5: ™
FEAE MR KA E FHMEBE, 2008.
Zhang Zhongzhen. A study on rapid approach for the pre-
liminary design of aircraft structure[ D]. Nanjing: College
of Aerospace Engineering, Nanjing University of Aeronau-
tics and Astronautics, 2008. (in Chinese)

[11] %45, ®EFE, 5. & T MSC. Patran/Nastran ) & &+
BE AR ] CHBIT, 2007, 27(2) . 34-36.
Chang Nan, Zhao Meiying, Wang Wei. MSC. Patran/Nas-

tran based ply optimization design for stability of composite
laminates[J]. Aircraft design, 2007, 27 (2): 34-36. (in
Chinese)

EEE -

FHEROAB ), B MEHAL. TEHAT . CHEH
BESEKFTWH.

EEMHA963—),. B, 8. B2, TEMATE. CHLEHE
FUT TR B A,

MEEA983—), B, BEFAE. TRWAT | KNEH
EHSHH.

(%D F)

(E#5E 389 W)

(71 X048, BRiE. KBRZLRENRRNEH S HMERES
#rlI). S ERTF, 2007(2) . 47-57.
Liu Gang, Duan Shihui. Structure and aerodynamic coupling
characteristics analysis of flexible large aspect ratio wing[J].
Structural Strength Research, 2007(2): 47-57. (in Chinese)

[8] KA, F4HF. WHNERRFRERFMASED].
T, 2004(3): 55-61.
Zhang Ying, Li Lingfang. The optimal distribution of air-
craft structural fatigue loading [J]. Aircraft Engineering,
2004(3); 55-61. (in Chinese)

(9] Hail, BEs. WIEHBRERBRASHROI. i
T, 2005(1): 63-65.
Chen Quanli, Xiong Jianqi. Application of the load equivari-

ant method on aircraft static strength test[J]. Aircraft Engi-
neering, 2005(1): 63-65. (in Chinese)

fEEE -

B 989, L, MR A, TEMATE . WITHEN
AT R,

B KAQ969—), 5B, BIHE. TBEHAFE - FHMATITR
E7A.

PUNEAO77—), B WM. REMAT | SRR R
B5r¥r.

(%D F)





