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Fig. 1 Schematic of experimental apparatus
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Fig.2 High speed camera arrangement Fig. 3 Size of target board
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(a) 149 m/s (b) 167 m/s

(c) 180 m/s

4 149, 167 Fl 180 m/s fy i L H0 44 L
Fig. 4 Results of bird strike experiments at the speed of 149, 167 and 180 m/s

[ 5k TC4 Bk A & FARBE IR IR Fr o S kdi o
SR S5 A B AR ) AME R AE IR AR Ak A B
YIER, EA &R T 8 bR .

2 HASPRSERETE
2.1 HEERA

B TR F A 1 A L] 55 78 55 52 56 A ]
Sk W g 2 R e ] R A A A R R R A, KR
L L/D=2, tNE 6 rn . S AR Ik 1.8 kg.
SR SPH HLITAR 4L g 3 48 oo 2o A 1) 5 AR 3
AR TR, S RA RSB T L,

e 45 S G A R, B e ELRN S AR Y
I 2 5 R, e HLA S 43 0 R AR 2R gt AR O
IR M B 2 B A A B R . TC4 k& 4
S HAE i o S p e e R kAR T KRR R
WOMEIR . 5230 & IR, TCA 5k4 4 M ) 3 Bk
W SR BT VIR IR, R e e B Ay 353 rp T 2
Z RN IR . K SR R, B A ARt

044102-3

K5 TC4 A4 PAHRBIAIR A
Fig. 5 Failure of TC4 titanium alloy plate
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Fig. 6 Geometry of bird ball
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HA P EAXFRYE, 75 2854 von Mises Ji IR EM #EF T8 1E . A 50K Johnson-Cook ) 25 A< 14 155 il
Johnson-Cook 5t 145 2 2 BE B 5] A 4R 2% 48 55 48 tH 19 von Mises B IE AR M HEZR v i A 4 7] DL RAE
TC4 BhA 4 e 5% o 2T VR H T A S8 1 U 30 02 ) At 493 38478 o Johnson-Cook 2 2 A A 152 7Y 14 3 35
KN
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Table 1 Material parameters of bird body

Density/(kg'mﬂ) Elastic modulus/GPa  Poisson’s ratio  Yield stress/MPa  Failure strain =~ Tangent modulus/MPa
928 0.068 0.49 0.69 1.25 5

F B E TC4 BKE M BHBLEA X BRI, 51 ARLEA X PR FG(o) B IE von Mises Jai il 17, 15 3] i
i R 5

¢=f(0)G(0) =1 2
flo)=3J/o; A3)
G(o) = eXp[—C(f +D]=1 “4)

e ) = 1 von Mises IR € = cos(36) = 5 =500y Lode S JUf10% Lode fit. J, Jof
W15 AL, J, R B = R @,cﬁmmﬂ&,%u 5o R 3 AR SR L B
X 5 IR

s

c——21n( \/_TS)——Zlna, a= \/_Ts %)
AP R AEBT YN A S IR Ty o T, AR AE SCIB B i sk, B PRIRIAE T IR R B g (o),
15 BZ AN (4 1 SR A 5K
dO','_/' c(ds,, l])
def = 4125
0o
g (o’}}a‘l) + a—‘?dé
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Ly — 6
Bo-in” 60‘§qH ©)
Y,-,-:Deiexp[Zlna(§+1)]( o Ina 2%
O'g 00‘ ij
zﬁg og
3 0oy; 0o

e D, R BVERE I, dACHIBPE S SN T, & IR AR, oK RN T, ot A OB N T
Johnson-Cook 51143 2 R AR 7Y Sy
Er= [D1+D2 eXp(D;U*)](l +D4 11’18*)(1 +D5T*) (7)
K e W RBUNAE s D, ~Ds WM B SEG 0 =p/oeg, Fo p HFIKIETT, 0o BWEFRN T -
BUE T T 0 AR R A0 S 85080 1 38 2001, Hoh E R i i, p BB, wHIAAA EL
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£2 TCAHA LIRS

Table 2 Parameters of TC4 titanium alloy*""!

pl(g-em™) u T./K A/MPa B/MPa n c m
4.430 0.33 1878 1060 1090 0.884 0.0117 1.1
E/GPa ‘éO/571 D1 D2 D3 D4 D5

135 4x10* —0.090 0.270 0.480 0.014 3.870

TCA4 PR 4 V- Al e i B 43 1 B (BT A BR DG

BRI 7 B TCA RUSL, Je FLA M10 #42 £ Y N

% C3D8R 7 [ 1A /\ T e 45 B4 B IT R L TC4 titanium alloy plate
i e S — Bk, IS RS T TC4 B /

M LA R W2 A TR A 2 () A 4 Mk o e HLad it 16 Fixture

"

M10 B2 [ 5 78 S48 1, 7R BU(E T3 v o g e it
T LR SRR 4 iR Bl 149, 167 F
180 m/s.

16 TC4 2k A & F i Bk 6 M HEA TR XL

ORI A3, AL 8 %, Hrfo AL S, S, A0 S, i 7 ST B

O S,. S, ol s, VST 28 7 TR Fig. 7 Numerical model of bird strike

2.2 'H'EZ:E% Fixture box
9 g B 48 3 HE O 149 m/s I TC4 Bk & 4 °F Plate test S

MR S5 R0 1 = B o S ik P AU, S A S,

2 5] ofr it P40 A R O 52 O MR R 1 U i 0me o

AR A [ AR o P A 32 S 44 o i S5 7 A i i 5°m§f‘
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A, 5 At o 1 o o BB 58 SRR RL, BLR TC4 Bk A /‘
G- B 7 AR FAS RS Gk B de K AE, B S T
U — e AR [l g

K10 b 5 5 TC4 k& 4 AR T A L
T3 45 8 M 3D-DIC L5 45 Xt . &l 10
149 m/s A1 167 m/s T F (5 KL F% (S, B

50 mm

Bird strike point

e AR BEIRIIE, 180 m/s I T (Y 5 KA RS R P8 XA
AR IR KB ET(2.00 ms 7)) » LR, Fig. 8 Distribution of observation points

TC4 Bha 4 AR AL R, X 1 2T Il ek, e
Kb B ISR R, e AP M S DX S A 4, [ I P 1 e AL, PRIk B 0 DX A 3 B B A
JEG A K10 AL, PHRAR R R RS 5 SR A R W) S B . 3 Bk T BUE A H NS
o B AL 3 foe KA RS e 3 B

BT it 5 A3 2089 180 m/s 00 K TCA BRA5 5 P M B UR aod e v i) S5 8 BB P AL < P . AL 11 ]
LA i 0.40 ms Iif, A7 F4h2k L i1 4 B B o 4n i BEZESE 0.68 ms I, P-4 5 e H 42 fik Ak 1E A S84
B Bs 1.04 ms I, 4RO #A 28 A1k HLg fih b T 46 362 28, O 36 e B SR M 207 1l 47 i€ 5 2.00 ms B,
T S R 4 RS FLAL LTI o X HE ] WL, SHIAS 2 A 12 A% AL AR A9 353 005 AR IR IE 20 Se e 24 SR 2
A—E
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(a) 0.02 ms (b) 0.40 ms

(c) 1.66 ms (d) 2.00 ms
9 149 m/s BIESERN 1 = K
Fig. 9 Equivalent stress nephograms of bird impacting with the velocity of 149 m/s

S/ MM S/ MM S o/ MM
—5.11 -5.91
—16.62 —24.92
—28.13 —43.94
—39.64 —62.95
—51.15 —81.96
—62.66 —-101.10

12.060
—4.832

(a) 149 m/s (b) 167 /s (c) 180 m/s
110 TC4 BhA 4 T AT 45
Fig. 10 Deformation of TC4 titanium alloy plate under the bird impact
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#*3 TCAHREETFHRBERANDB

Table 3 Maximum displacement of titanium alloy plate impacted by a bird

Maximum displacement/mm

Velocity/(m-s™) Method s, s, s, s, s. s,
Sim. 65 51 36 64 55 23

149 Exp. 68 60 38 63 53 25

167 Sim. 75 60 48 76 65 27

Exp. 80 59 47 76 63 24

Sim. 119 101 63 118 103 54

180 Exp. 117 90 53 103 95 50

Strain/107
100%)

(a) 0.40 ms (b) 0.68 ms

(c) 1.04 ms (d) 2.00 ms

BT 180 m/s B0 FHHEFAHEIAY TC4 R G S-S 2
Fig. 11 Failure process of TC4 titanium alloy plate calculated at 180 m/s

T 5 520645 51 59 (37 B - 0] i 2 % F AN 12 BEos o AL 12 FR AT AR, 4345 S A 10 A AR Ak
R KIS 4 BRI AR W) £y, 6 A ASHIE 5 FH Y Johnson-Cook 51 75 7 ¥4 1451 443 2 S50AE 10 36 45481
TC4 Bk 4 i ol 48 o o ) LA LU B ME A 19 o

F13 X EE T 6 AN UL A 00 13 A8 I A i 2 o B AR 20 G 6 S LI a5 10 A 15 S 56 KCHE 14 AR )
GERE . WE 13 h ol LUE W, 5 S 2 i I &S, A1 S, 195 30N A8 #E 0~0.2 ms ISR,
0.2~1.0 ms AR FF4, 1.0~ 1.4 ms FER K, 1.4 ms J5 AR S, S INE Brdi =t FA WL A
PR XA B, UL A S, A0S, A S50 A% H BB B A9 D PR A T 3 A A T S e A2
W Z . S5 TCA Bk A 4 VAR IR], A8 % ] 38 A 0.2~ 1.0 ms PR 7 9% 1) 340 S5 A% 3o 5 300
b J Ty, BRI S, FS, DX A4 R B 2 1 G2 B, PRI AR T 5 B 1.0 ms B, 105 S N D
PR FNIL S, 1S, DX, 750 28 BRI K.
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Fig. 12 Comparison of calculated displacement-time curves with experimental results
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Fig. 13 Comparison of calculated strain-time curves with experimental results
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Deformation and Destruction of TC4 Titanium Alloy Plate under the Bird Impact
JIA Lin', LI Congfu', ZOU Xuetao®, YAO Xiaohu®

(1. AECC Commercial Aircraft Engine Manufacturing Co., Ltd., Shanghai 201108, China;
2. Civil Engineering and Transportation College, South University of Technoloy, Guangzhou 510641, Guangdong, China)

Abstract: In order to analyze the dynamic behavior of aerospace TC4 titanium alloy plane under the bird
impact, the deformation field of TC4 titanium alloy plate subjected to the bird impact was studied by 3D-
DIC dynamic deformation field test technology. Meanwhile, a numerical simulation model was established
based on explicit finite element analysis software ABAQUS. In this model the Johnson-Cook dynamic
constitutive relations was used to describe the property of TC4 titanium alloy, and the bird model was
established with smooth particle method (SPH). Comparing the numerical and experimental results, it is
concluded that the calculated strain can match the experimental results well. The rationality and reliability of
numerical analysis of the bird impact on the TC4 titanium alloy model are verified.

Keywords: TC4 titanium alloy; bird impact; smoothed particle hydrodynamics method; shear failure
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