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Impact Structural Behavior by Bird Strike on Engine Inlet
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ABSTRACT

It is well known that the aircraft engine inlet should be safely designed against the bird strike
at the aircraft development stage. The aircraft accident is increasing for FOD(Foreign Object
Damage), especially bird of runway circumference. The aircraft accident due to bird strike brings
about economic loss which is connected with the life of passengers. In this study, MSC/DYTRAN
has been utilized to analyze the aircraft engine inlet against the bird strike. In order to validate
the proposed method for the bird strike analysis, this study was performed with comparison of

precedence study results.

= =

il

27 A FYTFE NI 2F 220 U FED R AR 2A Holop I I
719} =7} A Z74%e) wel FOD(Foreign object damage)ol W& #3719 Atz S7bst 9
C B3 o]XFA ZF2 Fu S 9 FF7) AAnE AAH SAE nE @54 A% 4

£ 289 BEAolg. B QTdNE §8 24 4§ =9 MSC/DYTRANS o83 A FU4T
A Fzo] BF 2F FT ANS FAAT. AN BFY B4 AFE A AY A7 DA
F 8 A4 dne AsE BHsEH

—

Key Words: Bird Strike(ZF %), Impact analysis(3E #14}), Engine Inlet Nacelle(3] 4T
e}

utAl), Foreign object damage($] §-ol &%)

LM B oo FFVe ABdRe] ddr S5

g £EZ ¢3S ok T FFEE

Z7t2 g8 o8 AR olAE JHAAR el

20079 6% 19 A5 ~ 20079 64 204 AR RpAoz 2EF ) FEzA e o|EHo] 37
¥ FAslY, 2AEY FT+FFEH i} o = e .

= gaslel ZANSw FBE e o Bgd S FANUAY FrtE ABAH<

At A}, E-mail: cdgong@chosun.ac.kr g7 AlTE zHsth B3] 2HFE AT



H11d W33 2007, 6.

Azl EYT Lo ZRES HE SANE HY 59

FA4E Avad g A7t FREUT
FAA(Federal Aviation Administration)olA]+=
Z2RFEN dT T 9F5S vhdstA A
sy Yu}. 71RHFo T L3EQ P
H FAME 4 el 2F FE A T3V
£% & Qojof BT B AEARAAE
2 gy zF dig A1 HF
% dtejol gt AR FH w

FUERAS A FEPA B A% 25%
ok gTH1]. EH dWuro] ojuz} A
F37 FRAE 2F AZzD| we

B
I wgg obyl A2 2V HIde &
Fas MY DR {8 FHZEIYS
0|43 #|4o] 7t ATE  McCarthy 52 HI
A8 §3 84 Z2aaes AREe Ay
(Canopy)®] ZF FE A%TS HHFAL3),
Storace[4, 5], Alexander[6] &< & %52 7
Ag o]RF FFIF BES AHESIY &
A7 = BEe=e =x FE 09
NONSAP, NASTRAN 58 Al&3le] 3|4
o FYME EFe F2]°] 9=
FE 54¢ FE&E A% &
MSC/DYTRANS AMg-8ld sfiAstHe
AlgE B3 vnstdo.

B dAfdAe

= a4 2
Nacelle)o] ZF ZFE°l disl &
2aYE o] &3ty s|MstAT

o

X

&7

BN
40
ol

A

—

B 2

[k

ek e FuEid FUYF 48 =
ZIAL o] &ty HAS FYHIT 2RTE
of #EFH HHH WHe A A AR B
¥}l 1 2 Lagrangian bird®2& £7] Al=¥
ez 282 Jga9x o408 2dy 537
R Q4o tHEE fyste ANSAAR
Azgkel st A vetve @3] 3l
At FHitol= A2 A4 84
(Fluid-Structure Interaction Analysis)H 9] 2
2 938 ALEZ12|Z(Arbitrary Lagrange
-Bulerian  algorithm)¥  SPH% 32} 5 (Smooth

particle Hydrodynamics algorithm)2 ©] &g+ 3

Ho] %8 o]gth

B Apoae &3] A3 wd 7x2E #%
22 2ddgsln 2HE FAR /HEsH A
3= ALEZ T8 ES AMEsel 27 54 34
& FPsta 274 AFl ds) EHEAG

Z A3 Joe A4 HI
S ulgoz & AHEL F3f sy Ads Al
k| 2 B4 v HAEIG B dFdAe
2z XA [EE FYPI}PLEE HEI 7
5 92 TzadQ MSC/DYTRANE o83t
28 2% 39 BFA A5 Azt A
Eil 9} vl AEIFFS
dulzg oz e &A= = 5
o) & theksle A} A7)7F BEY A8 AT

il Z

[e}
Ao @EW 2F FE AFE 3
} <

ZF



60 28y

ols¥ -

dsy - BN e R LR

& A8 A7 ZAA2]¢ H
AEEah fitas XS FIde
MSC/DYTRANG|A A F3t= ALEYI
AHg-ste] s Astth Fig. 2 ALEE X
AAQ AdS 2o g ekl Ao,
W (Coupling surface)2 TFZE| Fste
a9A 249 ZF(Buler Material)oll 33 3t<
298 EAS 94%e 9488 I, 299 8

28 fAd APse 2HY ol Fx

B i
_0|L
2
[
B
oX
[

X 1o go o
(A ) 1

sae AEE AT 2FY mdHYS
AR FYIA LT aHAA A
Hydro dynamic material& AH&-3t51,
Egee 29y 992 8"EF &Y= 8
AbgE Rt 259 24T 2dE Ee A

oft H

T T

].

B ol

B Ju

Coupling
surface

Fig. 2 Concept of ALE(Arbitrary Lagrange
—Eulerian) algorithm in FEA

— ,

197m/s

| Rigid e dEmEmE

Fig. 3 Geometry of bird model

st4tt. Fig. 3& &
S < 9% F¥o2TdS &
o} Boe) AH W] 197m/s8) FER
#2125 dda JHgsged, od fA=E 7t
% %= 950kg/m°e)t}. Fig. 4(a)%t
by 7tz FDEAR]Y A ATE B AT
Aol foas 4 ARE FAAAHAANY A
o @e <ty W a1 =E veld Bolrh

2714 £ FHGH] DAL AP
& £

Pui )
o
s
gl
B
o
Q?Ll
o
X
lo,
e
A
ol
fo
dob
ro
of
pats
&

250
F — Ref[2}
------ Present

130 Hie

Pressure (MPa)

‘2

[} 0 s [ 10 12
TUL

Fig. 4 Pressure curve at the impact point for the
impact of a birdvV=197vs)

3 =% B oM

< A8 FuEIARY ARE W
a2 e FP3 ANEAE v



R11H H3& 2007. 6. ozl B+ LIde

ZREE0 O BHHE 84 61

Aagn. 47 FY7 R4y wdPe 4R
NS ATE ANF A3, ARATE

22 AAAT AMEE AR Ao AR
Table 13 Zt},

)

Fig. 5 Shape of the Engine Inlet

Table 1. Material Properties of Skin and Bird

skin | bird
Density (kg/m) 2810 950
Bulk Modulus (Pa) 7.03e10 2.2e9
Poison Ratio 0.33
Yield stress (Pa) 5.03e8
Thickness (mm) 15
Diameter (m) 0.03
Length (m) 0.06
Mass (kg) 0079
Initial velocity (m/s) | 100
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{b) Pressure Curve at Impact Angle, 30°

Fig. 7 Pressure Curve at the Engine Inlet Impact
Point for the Impact of a Bird(V=100m/s)
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Fig. 11 Deformed Shape of a Bird
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