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Dynamic Response of Aero-engine Blade against Near Real Bird Impact
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[ Abstract] The response of an aircraft engine to bird strikes has the fan blade as its primary component, and the flight safety of the
aircraft is directly impacted by the dynamic damage caused by stress changes. A three-dimensional model of a near-real bird body was
established in this paper based on the structural features of the “bar-headed goose”. The dynamic damage of the blade was studied in
consideration of the take-off-climb and approach-landing stages where bird strike accidents are most likely to occur for aircraft, with the
effects of different impact speeds, fan blade speeds, and bird impact attitudes being taken into account. It is indicated by the results
that the axial damage and deformation of fan blades tend to be increased monotonically with the increasing of aero-engine speed and
relative velocity of bird strike blades. Additionally, as the fan blade speed is increased, the stress peak value after a bird strike shows
a V-shaped trend, with the smallest stress peak value being occurred at 2 005 r/min. Furthermore, as the contact area between the
bird body and fan blade at the initial collision moment is increased, both the stress and damage degree of the blade are gradually in-
creased across different postures. When impacted at a 90° posture, the axial damage deformation of the blade is reached to 60. 887
mm. Valuable reference for anti-bird strike design considerations for aero-engine fan blades is provided by these research findings.
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Fig. 1 CF6-50 fan blade
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Table 1 Parameters of TC4 material in Johnson-Cook model

24 HfE 2 HfH
A/MPa 1 060 D, -0.09
B/MPa 1 090 D, 0.27

n 0.884 D, 0.48
m 1.1 D, 0.014
c 0.0117 Ds 3.87
p/(kg-m~3) 4 430 T./K 1878
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Fig. 2 Blade mesh model
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Fig. 4 Bird body and particles model
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Table 2 Equation of state parameters for avian physiology

o /(kgm=3) Co/MPa C,/MPa C,/MPa
950 0 2323 5026
C,/MPa C,/MPa C5/MPa Co/MPa
15 180 0 0 0
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Fig. 9 Vane speed in each flight stage of an aircraft

ML . www. stae. com. cn



2025,25(18) SRS 45 A as K SPLT BT B ST 1 R 5 sh ARG T 7T 7847

ANTA]RAT B B IRAD A B2 AN AR Ay, PRI 1 44
TEE T2 & ShAIL AU i 7 B A 28 2t 45 AN AR T
PRI I 2B RO [] S5 AR S S A T 50 #T
2.3 BEMFWXIES

TE S R A I, DRI A4 o 5 B A XU i e
AR, 285 Sk kARG R BEA
[A], BY S &Ik 5 a3 nt B & A, {UA —3 5 ;Z:jiz%j‘
MRz 30 T S Reh i BRI SCARTIF Y P Ak B — 5 21693
SR AT AT AE . B 10 BT A ELRR L L A :i;’;g
R FEfE T R AT, e R AR 1 St 12.444
KX 1 %5 ~6 S AT it ss, M5 an b

62779
F 11 s, 3.1949

0.111 9445/

5 0 KU I R B0 46 L 0 4 A, AU I AE 0. 4
ms, 554K 831 2 005 .2 769 t/min IR 1 Al 12
fis, M 12 BIAL, B F7E 0.4 ms, §5 300 831,
2.005.2 769 r/min B Y N F1 15 43 ) A 27. 859,
161. 92 308. 24 MPa,
2520 % ) /MPa

(a) 831 r/min

RS/ MPa
161.928 K
144.16
126.39
108.62
90.853
73.085
55317
37.550
19.782
2.014 28/

(b) 2 005 r/min

SRS/ MPa
308248 K
273.99
239.74
205.49
171.25
137.00

10 Hefhpin 10275

68.498
Fig. 10 Global model 34.249

0/

(¢) 2769 r/min

B2 RTE 0.4 ms BN 70 A1
Fig. 12 Stress distribution of blade at 0. 4 ms

3.2 AAETEEEGETHREAELRTR
ST

RSO 5T 35 B 4 o TR O 5 4R 5 XU i R
HAE X 4 . 140 160 180 m/s, Z &M T B as &
L %3 A 831 +/min,

Vhyg = Vs F Vi (8)
K v M SRS R AR TE 0, 5 v 50 5
R LS B AT,

13 Fim N A AE 140 m/s 160 m/s 180 m/s
BN = B, 3 3 B S R TE 140

B RGeS
Fig. 11  Blades number

3 HEERSW

3.1 MRBEERNBRENSHE
T U [k B2 88 ol | A T3] XU Bt e o s

IR s A s 3 A A PEIEATRRSE. RUBIE A2
7T, 2 DRI 17 £ 0, 0 8

160,180 m/s S5, 76 1. 5.3 .4 ms B ZI 1) 1
FIRAN VA R e i B e A N T (RN

ML . www. stae. com. cn



R T NI N N -

7848 Science Technology and Engineering 2025,25(18)
BN F1/MPa L) /MPa 1200k —= 140 m/s
529294 K 859.681 K —e— 160 m/s
470.50 764.29 < 1000k —4— 180 m/s
411.71 668.89 %
35291 573.49
20412 47810 Ay 800y
23533 382.70 2
176.54 28731 & 600
11775 19191 ¥ ool
58.953 96.518 =
0.160 665 /1 1.123 150 £ ol
7=1.5ms 7=3.0 ms
140 m/ 0 L L L L L )
(a) m/s 0.0005 0.0010 0.0015 0.0020 0.0025 0.0030 0.0035 0.004 0
RS /MPa FRUBE S /MPa At /s
779264 K 115738 K
692.72 1028.8 —1 N N
606.17 90031 B 14 0 F7EAS IR RS 45 T e i) - 107 7 i 2
45&%283 ZZ%% Fig. 14  Time-stress curves of blades at different speeds
346.55 514.79
260.00 386.28
173.46 25778 . LQN YT eeeee 140 m/s
86.917 129.27 30F seese 160 m/s
0.374 758/ 0.760 88%/N | eeeee 180 m/s
7=15ms 7=3.0 ms 25t .
(b) 160 m/s !
SENI/MPa SN MPa E %
877.65 K 116796k m 20¢
780.16 10383 Y 3
682.68 908.71 PN R
58520 779.11 = 15t e,
487.72 649.51 = (1
390.24 51991 4 Py
29276 39031 * 10b .
195.28 260.71
97.797 131.11
0.315 898/ 1.506 85/ ok
7=1.5ms 7=3.0 ms .:-'.-'
. . Uy .
(©) 180 mis 0 RPPTS YT TH L . AT IPIO
N 0.001 0.002 0.003 0.004
T s} i)

K13 R TEAN TR S8 2 T BN T 2 4]
Fig. 13 Stress nephogram of blade under different

velocity bird impact conditions
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Fig. 15 Blade damage and deformation in axial direction
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Fig. 17 Time-stress curve of blade at different speed
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Fig. 21 Time-stress curve of blade under different

bird attitude conditions

TEARR SRS, 55 5400 4 & fih 1 BR 3% O, )
W 52 BB R T 22 BT N
Pl 22 7R S AEAS [ B4 A 235 26 AR TR i A ) i

] A5 I £ B ] (1) 2 A 3 | AR I o W (B 52 B 44
PR KA Ry 9N 54,715 56. 341 60. 887 mm,
R 90° A58 o T i Al 1) i R AR TE 1 K T 0° %%
AR 4SBT il AR i, B 00885 45° L%
(R ) A2 8 B A AR [A] i i A bt R B T
KB i PR [R) S AR B A5 i i 1 AR Ak
AR W OE L Iy <k

00 ceeee 0
..... 45°
b 90° e,
. ..- o 3 . s.‘o...'.. X

e S0 S o . ""-_ e
g [ N s ~, "
= 3.
g 401 -
b
% 301
=
f=13 20 -

10F K

o
K
0 . . . ,
0.001 0.002 0.003 0.004

FitiHl/s

Bl22  mp R fhe) Oy 45 AL
Fig. 22 Axial damage and deformation of blade

4 Hig

A BUEEALL B 7, 9T T TCA K E 4 XU
I 5 FEAN ) S e 1 N ] S A S LA e AN [R) % B
BUEL T 1Y S48 A R O, A DU TR 4538

(1) 423 K sh Bt i % 3k 5 831 r/min, 5
AR XU I 48 o SR 180 m/'s B, I o i
WEE R 1 221. 5 MPa, fm FAIXEEHUE 140 m/s 5
160 m/s [ R R JJ0AE , FLnt 5 45 5 o ™ L 31X
< i o i o URE (R B, & O R Az N T
P ER R,

(2) SR DA R 2 A 38 o KU i R B, S0k
I 70 T A T L) 348 K 5 BOXUBRE I R i 2
FIR AR 2 1K, HAE 90° i i 554, 74
(] s [0] A OE 7 B85 K B R, i 463400 e o 7, R
SR UGS R 2 i TR A, X R ik e Y 4R
PE ST R E

(3) TES4E L hHLt F b 7 b, Bl XU i
BN, R AE 831 r/min I A2 B4 7
JE I 1 RN T 2 005 +/min I & A48 il 5
i SN NV N i S B e OB kT )
2 769 r/minfi}, BEAS I Rk AR S N R, =
AR R ST R BV PR BEE KU T
F BB, o PR s o o A A e A AR Y
R XK & S HLRUE R R
USSR E Y ERTE A

ML . www. stae. com. cn



2025,25(18)

SRITIE , 45 LS R SLI R i S 5 A o s A A ST

7851

[10]

[11]

[12]

2 % X W

Chen X, Yin B, Tang Z B, et al. Understanding the impact re-
sponse of bird strikes on engine blades using a novel wedge-Hopkin-
son bar system [ J]. International Journal of Impact Engineering,
2023. DOI; 10. 1016/j. ijimpeng. 2023. 104782.

Yang P P, Yue W H, Li J, et al. Review of damage mechanism
and protection of aero-engine blades based on impact properties| J ] .
Engineering Failure Analysis, 2022. DOI. 10. 1016/j.
failanal. 2022. 106570.

Guida M, Marulo F, Belkhelfa F Z, et al. A review of the bird im-

eng-

pact process and validation of the SPH impact model for aircraft
structures[ J ]. Progress in Aerospace Sciences, 2022. DOI. 10.
1016/j. paerosci. 2021. 100787.
Merculov V, Kostin M, Martynenko G, et al. Improving the accu-
racy of the behaviour simulation of the material of the turbojet air-
craft engine fan rotor blades in the event of a bird strike by using
adapted finite element computational models[ J]. Materials Today
Proceedings, 2022, 59 1797-1803.
Juratka J, Chlebek J, Hodart V. Bird strike as a threat to aviation
safety[ J]. Transportation Research Procedia, 2021, 59 281-291.
BN, SR, ERE. ERA LR CF B BT Kk
BEIE[)]. BIEEHAR S T, 2021, 21(2) : 820-824.
Zhao Haigang, Guo Jianan, Wang Jungi. Design and test verifica-
tion of a turboshaft engine flight test platform [ J ]. Science
Technology and Engineering, 2021, 21(2) . 820-824.
MG, XKL, sk, 4F. SR s S s R
X R I AR s AT FE L], PR3l 5 it 2021, 40(12) .
124-131.
Guo Peng, Liu Zhiyuan, Zhang Guichang, et al. Study on effect of
bird impact position and attitude on fan blade damage[ J]. Journal
of Vibration and Shock, 2021, 40(12) . 124-131.
Puneeth M L, Jayaprakash D. Influence of bird mass and impact
height on the fan-blade of an aero-engine [ J]. Materials Today:
Proceedings, 2021, 44. 1028-1038.
Meguid S A, Mao R H, Ng T Y. FE analysis of geometry effects of
an artificial bird striking an aeroengine fan blade[ J]. International
Journal of Tmpact Engineering, 2008, 35(6) . 487-498.
Wang S B, Zhao X, Huo J . Impact of a bird strike on the aerody-
namic performance and damage behavior of a full-scale aeroengine
fan[ J]. Aerospace Science and Technology, 2024. DOI. 10.
1016/j. ast. 2024. 109270.
TR, TF, K, S RBPLGE TS a  EA
BFELT]. s TRERE, 2024, 15(2) : 117-124, 141.
Wang Bin, Ning Yu, Liu Jun, et al. Experiment and numerical
simulation on bird strike with blades of an engine primary compres-
sor [ J].
2024, 15(2) . 117-124, 141.
TRNESC, JAME, A, A SRS KSR I A R 5

Advances in Aeronautical Science and Engineering,

imM . www. stae

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

BAEBLL C /P RS %422 2019 4 (5 DU ) o [0 =5 #
SFRORR IR, S P EBUZ SRR SIS,
2019 1-7.

Guo Yingwen, Zhou Xiong, Dai Lei, et al. Numerical simulation
of dynamic response of bird impact on aero-engine fan Blade
[ C]//Chinese Society of Aeronautics and Astronautics, 2019
(4th) China Aviation Science and Technology Conference Pro-
ceedings. Guiyang: AECC Guiyang Engine Design Research Insti-
tute, 2019 1-7.

KR, BIAR. TC4 BhG 425045 H KU M i) S 48 30 g 2%
WaSE M ARDI R T]. e IR AAA, 2022, 36(5) : 77-87.
Zhang Yongqiang, Jia Lin. Bird impact dynamic response and
damage failure of TC4 titanium alloy hollow structure fan blades
[J]. Chinese Journal of High Pressure Physics, 2022, 36(5) :
77-87.

TERMT, R, BEAR, S5 U REWIUR T i i
EBET )], WUZE B IER, 2024, 39(2) : 91-99.

Wang Songbai, Niu Xiao, Huo Jiaxin, et al. Improved design for
anti-bird impact of aero-engine fan rotor blades[ J]. Journal of
Aerospace Power, 2024, 39(2) . 91-99.

Zhang D H, Fei Q G. Effect of bird geometry and impact orienta-
tion in bird striking on a rotary jet-engine fan analysis using SPH
method [ J ]. 2016, 54;
320-329.

Zhang Z C, Qiang H F, Gao W R. Coupling of smoothed particle
hydrodynamics and finite element method for impact dynamics
simulation[ J]. Engineering Structures, 2011, 33(1) ; 255-264.
R, FEWIA, . BT SPH Bk iy RAT 8 S 4UE
HAMBTLI]. HEER, 2013, 32(1) : 140-142.

Zhao Xiajun, Tang Mingjun, Ni Lei. Bird impact numerical simu-

Aerospace Science and Technology,

lation analysis of aircraft based on SPH algorithm[ J]. Measure-
ment & Control Technology, 2013, 32(1) ; 140-142.

JRBE, FUERE, XUER, 45 KL IATSR G S 0y 5 Dok
WAT[J]. TR, 2022, 39(6) : 236-246.

Su Kang, Bai Ruixiang, Liu Chen, et al. Bird strike simulation
and improved design of leading edge structure of aircraft tail[ J].
Engineering Mechanics, 2022, 39(6) : 236-246.
IR, HLILR S A i o p B R A et [
REFT R, 2021.

Su Kang. High speed impact simulation and optimization design of

D]. Kif:

wing anti bird impact structure[ D]. Dalian: Dalian University of
Technology, 2021.

By, ZWE, BRI, Ares ZELEE | BRI ST
Wiz kL, 2014, 40(2) : 65-69.

Ma Li, Jiang Jiayu, Xue Qingzeng. Research on bird impact of
aeroengine first stage fan[ J]. Aeroengine, 2014, 40(2) ; 65-69.
XL, iz KB IR S i 3y 2 FSE (D ]
Tt RER¥, 2019.

Liu Zhiyuan. Study on impact dynamic responses of aero engine fan

blade after bird striking[ D]. Tianjin; Tianjin University, 2019.

. com. cn





