928 % 453 W wOE 5 W ik Vol. 28. No. 3
2008 4 5 A EXPLOSION AND SHOCK WAVES May. 2008

XEHS: 1001-1455(2008)03-0236-07

BB 45 2 B B AR B PR ST A

kAELWEEA.TZEF?
(1. PaIL Tk R 2= A0 25 B, e PE%E 7100725
2. BV RHL Tl R AD A BRA R TR ST B, BEPY 10 723214)

T DISRR R AL B b IR S R S 4 S X G, il ST T S 2 2 R B - 5 M = 4 A IR T A AT
B, ARG ER = F TN i3 R B AE LM 3 J1 24 4 FR T 40 AT B2 ¥ ANSYS/LS-DYNA f#y ALE-Lagrange
A IZEIIRE T AT B T L 7 G RE E A Y B0 45 R S 25 6 0 S 0 I SR L 2 AR TR [ i kT 45 4 Bl
W] JS7 49 52 00, 43 AT 1 25 S R R IR AL, 22 5 4 ROT S 30 25 2R LA, NI 02 45 1 1 78 JE i R R A 2, P 3
BIw A B0, T B T 7% SCT7 1 SRS 1Y GF

KB R 2 G R B A BRITT AT 5 - A 4 S

FESZES: 0347.3;V214. 1 E#rFERKRB: 130+ 1570 XHEARER: A

1 35

Wit 5 A28 U 1 R R R TRAILBCER AN R, TRAT R T BN 2, KL S s R T T E
B A A A EHGE Y 38 RO RALA S SR A 1990 Y 1 719 R H] 2002 4R 5 976 &, B
=52, HEAESY L 97 %00 S A6 125 E R AL T 530 000 /N5 T A E AL 4.9
fCFETEM LTI . 3o AR A o b BE CHLIY & e AR 28 SR B L4 TR s ORI I &, R K3 7
S CHLMILR ., CHLS R EZ 8 T AT &SR,

20 g 40 AR T AT 24 X 1 3 AL S AT ET, 50 SRR BRE W R IF R Tt Sk, 70
AEARGRAE AL st B T S AR . BRI SE [ER T 90 AEARR TR T & A MR KL G # R ek
i of e o7 A0 SR X A2 A R B T O IR AT TR A RIS LA HE B A A R A I B
BT Rt . fERE L AE 60 ARSI PR T ST ST e )5 Wl T AT AR L X ZE R RALIY
AES HLE e A BT LR T B R P S S AR T BAR B RLE L R R AL TR T =
%, PR AR B AE BRAR R BRI X RMLE A IR L & s AL A SR g M it AT T B
A RS HT . AEFE P AR ) S e BB A LA 5T e, T2 A T Y )2 S R G — A R B A MR X
T R e R L G T S 4 1 22 2 () B A R IR R Y O B A RLA R LA A

AR S DL SRR Rl ALAIL B A MR S R SR S X G K LR AR R PR AT 58 R T LR R LS B ]
B B L R 5 % 5 e 5 20 R 1) B A = 2[RI B 45 4, R FH AR Ze R 3l ) 3 BT f2 ) ANSYS/LS-DYNA., X & 4
IG5 K 57 A AT BR TT 20 T A AR 5 {0 485 0 b Rk SR T EL AT 2 A00AE 5 1) A b A R A5 A L Y JRy 5 ALE
(Arbitrary Lagrange-Euler) 5L A1 4 4 5o B, B 2 £ 48 (09 A B 242 4 o B, F 9% % 4 e I O =X R L
I 5 SR R AT X L

2 HE&RER

B RBERE TR R K A s SRIR A BE w, =90 %0, w, = 10 %0, W SR B2 900 kg/m® . SR LA
A0 SR T 79 i ol > B R A 83 A (AR ASEAEL (AP 1) BRAAS B9~ AR ARG S 36 ) 25 SRR N AR B SE N 7.9 em,

i}

+ WFSHHE: 2006-11-21; {&E BHE: 2007-03-10
HE&£W B HpiA Tl B L3R AR 05850 H
TEEB AN KAREQI7T7— O, B WA,



%3 G RS - i TR R 2 4 1 4R IS A A FROT 0 237

SR R 3.6 ke, IR IT B E ] B A K Double hole earing

9.75 cm, P-ZREEM EE S A& S K AT R G

e HJE AR B AR LS S 52 B S SR S R

HE K 9 i 1 B L RDBLAL E Front beam
5 A T2 B 1) A A AR 14 R i 2 A X 1

PEZ) 72 R RL, Bl 25 T IR N ) o R

é 1/pP
ay=[1+(€):| (o) + BE &5 @b)

EN PN U ONE (| P B oE R 0l AN € R - Front covering b
I 7 25 90 A4 T 0L A8 R 78 5K L C L Pl Cow- 0

Back beam

Single hole
earing

per-Symonds ﬂj’}t‘%%‘ﬁ,,@ STl AL S8 0<p<1. B 1 -2k 45 Fg A1 L 1A il JLAr] A AU

. N _ . N _ Fig. 1 Geometry model for a beam-edge structure
1 =0 W, R b B AL, XY B=1 B, Ry 4% [a) 6] P A

iﬁ éﬁ %HH and a bird

AR RE P B A A . TE SR R R b TERORE S AR S S IR N g R A — B B
W TEAT R A BB IR S N T I P AR B A A 25 R AR 3k 3 e RO AR I bR A A R
R A TT R B o R SRR s 2 7 B IR ) S 40 S G 7 8 {2 7 8 ) R A0 A O IR R ik U R
€ =g 2)
MRAE LA B SR 2 R S BT b 1 fAORPRL SR A B E=10 GPa.JE IR N ) 6,=1.0 MPa, 1]
LR G=5.0 GPa RAANAL e, =1. 25; -G Z5 MM RO RE G S BOL R 1o T 405 4 0 I A8 ZOR
B TE M R S HO B X S HCOP AT IR AT FRIT/ TR 7 A Sk o A5 BN 28 F 520
F1 R-ZeEmExHRSHe

Table 1 Mechanical properties of a beam-edge structure

R E/ GPa o o/ (t/m*) o,/ MPa oim/ MPa
2024 AL 73.1 0.33 2.78 345 483
7050AL 71.7 0.33 2.83 469 524

3 ARTAHE

3.1 ARTMEX S

TEAT BR TR R, S R FI 454 i BA T2 R ] LS DYNA BT J% oh 19 /A5 & Solid 164 R ek, R
FH RSB 5 U0 e s ) SRR AN 48 ST S a] 1 X AR T 0] 81 43 R0t mT DAk FH 58 4 LAy (2
X2X2 Z i) B VP I X, {0 25 B 5 3 hn o F 550 B ], HOX RAS B R 2 AR R e . SR
WA K43 R FHALE 8035, 38 3 000 A~ B0, 2544 19 4% Rl 43 R ] Lagrange 5535, & 232 386 LG,
B KAL) LA AN AS B L 55 56 SR FH A %38 3% LI 24350 40 L SR A BB A 52 i EE R i /A iR
TCIRAE R 53 R R G- 25 S5 4 SRR A BROTBC R DL 5] 2,
3.2 VIREH BREGHRIR

SRR 0. =147.2 m/s, 75K 5455 & )5, % 45 M A B K 450 7 i % 45 4k Y bt 2
e 1. 0 T REXT S5 M PT S 3 VLR IS % Wi 25 0 0 B 1 i o 8 AT T 95 55 0 #r

A R ITAE A ) A #3005 S A 150 AR LA H AL R A O H BT il R AR [ S 2 e
BV A B8 FN AR i RS 3 L0 O 8 s B L BT 19 05 H AR I N AR R N vy ez 10 B AR A

8 Bt A8 P S R VR S A S o S L T LA AN T (1) 5 R E i 4 A P S B A
TR 5 AR VR P R AE R 5 (2) AR T JEE 5 AL UL R R o S LR o A R 4 R T 2 AE
B3 (3) L A T 4 2 0 L R i B A o 07 A 2 R I S HE b



238 DS 1 5 et i %28 %

(a) The joint of structure and (b) The region of bird impact (c) The joint of structure and
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Fig. 2 The FE model of the bird and the beam-edge structure
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Fig. 3 The curves of effective plastic strain vs time

(a) The joint of structure and double hole earing
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Fig. 4 The curves of displacement vs time

(b) The jiont of structure and single hole earing
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Fig. 5 The curves of effective plastic strain vs time
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(a) Damage plan of experiment (b) Damage plan of simulation
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Finite element analysis of bird impact damage to

representative beam-edge structure

ZHANG Yong-kang'*, LI Yu-long'., WANG Hai-qing”
(1. School of Aeronautics» Northwestern Polytechnical University ,
Xi’an 710072, Shaanxi, China;
2. Aircraft Design & Research Institute, Shaanxi Aircraft Industry (Group) Co Lid
Hanzhong 723214, Shaanxi, China)

Abstract: The 3D finite element analysis model for multi-layered spaced beam-edge structure under

bird

impact is established by taking the typical fuselage support structure of a certain type airplane as

the object. Numerical results of the crucial parts during bird impact are obtained by using the ALE-

Lagrange coupling method in the non-linear program (ANSYS/LS-DYNA), and the critical velocity

when the beam-edge structure fails is achieved. The effects on structure response of different impact

locations are investigated. and the structure failure mechanism for bird impact is analyzed. Both the

structure deformation and failure mode from the simulation are consistent with the results of the pro-

totype test, which proves the validity of the method and model proposed in this paper.

Key words: solid mechanics; critical velocity; finite element analysis; beam-edge structure; bird im-

pact
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