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Abstract: It has been the desire of aircraft designers that the structures were devised as ideal as possible, such
as lighter weight, higher strength and better durability. The sub-model analysis technology is applied to extract the
region of interest from global model for detail analysis. Introducing the damage tolerance constraint conditions,
muti-objective optimization for the detail design is completed. The relationships between structure life and
geometrical parameters of fuselage opening are discussed. The results reveal that residual strength near the
reinforcement structure may rise rather than decrease; crack life is not sensitive to fillet radius of opening;
increasing the thickness of skin in a certain range can improve structure life. The solutions of proposed method
have better accuracy, which provides reference and guidance for the designing, optimization and maintenance of
opening structures.
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Fig.1 Local structure outside/inside layout of aircraft opening
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Table 1 The section size of fuselage
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Table 2 The structure size of fuselage opening
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Table 3 Material properties of 2024-T3
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Fig.2 Global model of fuselage opening
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Fig.3 Static stress cloud of submodel
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Fig.4 Crack propagating trajectory
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Fig.5 Stress intensity factor of type I and II
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Fig.6 The curves of residual strength and crack life
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Fig.7 Residual strength at different thickness
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Fig.10 The ratio surface of lift to mass
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Fig.11 Residual strength and crack life under best parameters

5 %ig

ASCR PR, IFNII 7R L
AT 2 HARUAL, LS T 2 Hr i R 5
KONy el P T ISP ST A N R
Rt % ik T

(1) HLEE T AR T ot 45 40 5 AT R e 1) 2R
R AEMERARINIL, B AT O C, A% )
TR AAA, RO REEARWGE . 7R,
Pl o L T RE R EAN RS I LS, I — AR
SIS 20 I S AN R I RSO

(2) WA AT IR, Sk RN, R
PR AR B R LGz, 45 K 77 iy e AR B P 4
AN EROE IR T PR (B E NI R T

(3) iU RayIn i, EREUEY]
IRRGUKERITE DL R, JF VB A AR A AR AR 2L
I AR A (R WA 2

S 3K

(1] i TR BOR R 2. WHLG A i 2 B e vt

FEMM]. Abut B VR BRI T i,
1985: 49—470.
Aviation Industry Science and Technology Commission.
The aircraft structural damage tolerance design guidelines
[M]. Beijing: Aviation Industry Science and Technology
Information Research Institute Press, 1985: 49—470. (in
Chinese)

[2] Jones R, Peng D, Chaperon P, et al. Structural
optimization with damage tolerance constraints [J].
Theoretical and Application Fracture Mechanics, 2005,
43(1): 133—155.

[3] 2L, TR, THEZ, Bl Xhgiaws ot

AL PR 45405 2 BRAOC AL T VAT 9T 0], i R,
2011, 2(1): 78 —83.
Li Shanshan, Xing Lingge, Ding Huiliang, Duan Shihui.
Research on damage tolerance design optimization in
aircraft structure preliminary design optimization [J].
Advances in Aeronautical Science and Engineering, 2011,
2(1): 79—83. (in Chinese)

[4] %35, WOE, BOF, W BTV A RO A

(1 CHLRE A TR B v 0], HUBRSR AL, 2009, 31(4):
620—624.
Cai Ling, Huang Qiqing, Yin Zhiping, Xie Wei. Optimum
design based on damage tolerance for integrated
wing-beam structure [J]. Journal of Mechanical Strength,
2009, 31(4): 620—624. (in Chinese)

[51 AR, $HFE, BZF, dh. T a0 A Rk
RUFER H Ry 2 H AUk (77, BUBRGGREZ, 2010,
32(6): 928—932.

Xu Mingbo, Huang Qiqing, Yin Zhiping, Xie Wei.



224

€T

»2,
=B

Multi-objective optimization design for lug based on
damage tolerance [J]. Journal of Mechanical Strength,
2010, 32(6): 928—932. (in Chinese)

PR RHUHLE TT IR A 2 ari 5 2 R 23 Fin e ot
[D]. PG PHAE M RAE s 2 B, 2012.

Zhan Fuyu. Damage tolerance analysis and design for
[D]. Xi’an:
2012. (in

fillet crack in the fuselage opening
Northwestern ~ Polytechnical
Chinese)

L4, TRA, 0%, BT Global/Local [/ B4R IERE
&5 AL) 7 o ST 0 I IR (0], A L AR K R R R
2010, 42(3): 318—321.

Jiang Jinfeng, Zhang Yin, Sun Qin. Global/Local analysis

University,

for progressive fracture of bolted structure [J]. Journal of
Nanjing University of Aeronautics & Astronautic, 2010,
42(3): 318—321. (in Chinese)

FET e, BegR. BET T AL T VA R BT R 4 A ) R
SINTREIE). Wi LREHERE, 2011, 2(4): 419—424.

(9]

[10]

Yan Ziwan, Hou Chi. Strength analysis approach for
multi-bolt joints based on submodeling technique [J].
Advances in Aeronautical Science and Engineering, 2011,
2(4): 419—424. (in Chinese)

WS, BRICTE. REHLEE IR A 53475 2 PR e vk Tl
CEh: BB et 5 0 M M1 JE st i Talk i
JitE, 2003: 245—270.

Zheng Xiaoling, Zhang Minfu. Structure durability and
damage tolerance design manual of civil aircraft (book 2):
damage tolerance design and analysis [M]. Beijing:
Aviation Industry Press, 2003: 245—270. (in Chinese)
A, KB, 8, 45 MATLAB 8L 5L T H
FRNHIIMY. P2 DY 2 FRHS RS R, 2006:
11—61.

Lei Yingjie, Zhang Shanwen, Li Xuwu, et al. Toolbox and
application [M]. Xi’an: Xidian University Press, 2006:
11—61. (in Chinese)

(FH3R 213 D)

R, AT, kF=, & R ER RS
B AR TE DI o6 LEAFAE D). BB, 2006(5): 55—59.
Bai

Rediscussion on force of tube extrusion deduced by block

Guo Shengli, Pucun, Zhang Xiuyun, et al.
method and the method of balance of work [J]. Forging &
Stamping Technology, 2006(5): 55—59. (in Chinese)
Hsiang Suhai, Liao Chaoshun. Study on hot extrusion of
tubes [J]. Journal of Materials Processing Technology,
1997, 63(1/2/3): 254—259.

Chitkara N R, Aleem A. Axi-symmetric tube extrusion/
piercing using die-mandrel combinations: Some
experiments and a generalised upper bound analysis [J].
International Journal of Mechanical Sciences, 2001, 43(7):
1685—1709.

FRMERD, FAME, K5, & LRREREA R 2 L
REHE M BF IR 1 [0]. 220l Tk K24 2% 4, 2006(25):
43—43.

Guo Shengli, Bai Pucun, Zhang Xiuyun, et al. The upper
limit method for solving force of bar extrusion of

different curved dies [J]. Journal of Inner Mongolia

University of Technology, 2006(25): 43—48. (in
Chinese)
B2, KIER, PNHIBH. mR A MR KBt

Jis 20 i bR BOE ST 0], b mURF B R A2 R R,

(8]

(9]

(10]

2011(33): 449—454.

Mao Yilun, Zhang Qingdong, Sun Chaoyang. Study on
extrusion forming of superalloy tube by flow function
method [J]. Journal of University and Technology Beijing,
2011(33): 449—454. (in Chinese)

EFA. @R LN LRIAC) 2R M. Bt h
G ol AL, 1991: 372—384.

Wang Jiacai. Modern metal pressure processing of
mechanics [M]. Beijing: Metallurgy Industry Press, 1991:
372—384. (in Chinese)

Wi, FEFAT, XDGHE. 48 77 L el I ek
SRS EIRMD] JERURHER 2E 22 4], 1994(16):
86—091.

Yang Haibo, Wang Jiacai, Liu Guangtao. Upper-bound
solution of metal forming problem with the flow function
velocity model [J]. Journal of University and Technology
Beijing, 1994(16): 86—91. (in Chinese)

EIRIE. BEIS PR A B B FNE AT ], AR T
2B AR, 1992(13): 139—145.

Wang Zhenfan. Upper bound analysis applied to fluxional
function for extrusion/drawing [J]. Journal of Northeast
University of Technology, 1992(13): 139 — 145. (in
Chinese)





