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Abstract: The bird strike to small aircraft has not been an issue because of its low speed and usage as a private
aircraft. So, the compliance of the bird strike regulation is limited to large fixed-wing aircraft such as the
commuter category in FAR Part 23 and the civil aircraft in FAR Part 25, generally. However, the forecast of
dramatic increasing of VLJ(Very Light Jet), the usage of a composite material for an aircraft structure and flight
time of general aviation due to Air-taxi for the point to point transportation, would rise up the need of bird strike
regulations and a safety enhancement in normal and utility categorized aircraft. In this study, the safety of bird
strike to small aircraft wing leading edge made of a metal and a composite material were compared using the
explicit finite element analysis.
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Fig. 3 Base aircraft & FE model

2ol waYY, opae, s Se) A4S wARL]
#38ll Nonlinear dynamic, Transient, Contact, FSI(Fluid
Structure Interaction), Material Failure Model 53} 7+

o wl§ Bgsa mAgHe Hy mde g
ez g 59 A 5YS 2 27 049
g3 Faste] FEO) mAE vhiel 7 34

(Multi-disciplinary Integrated Analysis)©] %]-8-%¥t}.
& ArolM= o2 #s HIAdE 2% (Nonlinear
g 23l LS-Dyna"E 2

Explicit) f-3+24 A

gahict

22 oM == 3
A AR e EElE 172R
F 7 (Leading Edge)F-i-o =2

oggko] 7} A&
o=

a4 x=2

N

_—

ot -lE [K 0%t
of ML fiU of
N O 4

Al

=%
=

OHO

1B o

Ea
-

2 1
of f roh
N

PO

3331037:

o
L

o

i)
rr
-
I
it

! o
e |
otk ggi
_O|L
3

fu)

oy
2 M

-

il
||\

I o
o o,

Wt o rfr
=
ofN X L Jo
1 oHr o ot o

>,
o o

L 9 1=

1:12
ey

218l 471<] Rib Station]

} 37 ] JF% FE Rd2 ?SHM /\]7}
?13+ Reduced Integration Method”} 7]
One-point Integration 3-D Shell

(

= O
==

g

REs

Element=

ZS FAR 239
1kg(2.2 1b)S A&

%

119

b

2

£ &7

o)

63.27 m/s
(123 knots)

Cessna 172R

Skyhawk 2.2 1b)

-

R

-9,
K
N

S

-

SESES AENED

7ol mla] s Y

Atk E 2FH

FAR 2501] 7]

X

ofrt

BN T o
)

L 1P o,
ot I
kl
il
o

sl

—_

N

it oy

=
’6‘
2=
E

FN

Y

ofj
=

émﬁwﬂ
> ;
lo

2

ofo

O/

%

=

=2 ol
o

4
od o by

>
B
o

ol
o
s

™ of
ry it
N
N
o ok Rl 1l x 2

N

-

il

2 I RN oot ok
Nodo du oAl ox o 3R

H

=)

&}
N
F
0

2 H(Bird Model)
Mo Hed ZERUAO 97|AY
549 o] 7hestHA,
o] S5 59 FSI dje] 71ee
ALE(Arbitrary Lagrangian Eulerian) 7] %83}
St ALE 7S 4 &9t Lagrange Element2]
Shape Function®l] 2]t A7 9] o]5 343} Euler
Element®] Advection ¥}7go] x4 o2 Xy =
Rdlw FSI Aol tigk sfA] Aol A etrt.
ALE 7|9l A &%= 27 228 LS-Dyna”ol
A Al&EE MAT NULL 2 do] 285 n,
9o M A H=2}-§-# (Viscous Deviatoric  Stress) T+
13E e g2 FAo FEIE GHS A
$8k el R4 2 (Equation of State)©] 4]

N
ol
©
%

i—";
4y

A

oot
o o N
N

N

O

—_—

-

o]

i, QL m[o td

s
48

[

—|~
oxl &

of

}\]
—l

o

om, 44 (2), (3)& ALE
AP Fehel gengy

€]

o
=

WL oo RS, £ X
b4

O ia
=

o=2v,D— PI
P= G+ Gut Gp* + G’ + (G + Gu+ Gy ) E- (2)

€)



120 gl - HAE - F
Air
Adr
Air and bird are represented by
1-point ALE multi-material solid D
elements

Fig. 4 ALE bird model

19

F.BL

G LI RS

Table 2 Applied material properties(A12024-T3)

Pressure[MPa]
8

Time(psec)

Material Property Value
Density (o) 2750 kg/m3
Elastic Modulus (F) 70 GPa
Poisson's Ratio (V) 0.3
Initial Yield Stress (Y”) 364.5 MPa
Isotropic Hardening Parameter (Q;)| 334.7 MPa
Isotropic Hardening Parameter (Q>) 0 MPa
Isotropic Hardening Parameter (C)) 6.16
Isotropic Hardening Parameter (C) 0
Damage Threshold (r,) 0.18
Damage Material constant (S) 0.5 MPa
Critical Damage Value (D.) 0.1

Fig. 5 Pressure comparison of test & analysis
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Table 3 Applied material properties(T700/#2510 PW

Fabric)
Material Property Value
Density (p) 1500 kg/m3
Elastic Modulus (E;;, E>2) 55 GPa
Poisson's Ratio (V) 0.042
Shear Modulus (G]z, G23, G13) 4.213 GPa

Maximum Strain for Matrix (DFAILM) 0.4

Maximum Shear Strain (DFAILS) 0.0296
Maximum Strain for Fiber Tension

(DFAILT) 0.01517

Maximum Strain for Fiber 0.01087

Compression (DFAILC)
Longitudinal Compressive Strength (X¢)| 605.8 MPa
Longitudinal Tensile Strength (X7) | 853.8 MPa
Transverse Compressive Strength (Y¢) | 629.7 MPa

Transverse Tensile Strength (Y7) 677.7 MPa
Shear Strengh (S¢) 124.8 MPa
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Fig. 7 Deformation of structure after Bird Strike
(Case : Al2024-T3)

o I
N
19
lo
2
i

f
oo = =

ol
iy
5o
o

i K2y
%0

o

lo 4z 1o 2 1y
ML i
N

5 B

T
o
T
o rlo
0%
R
il
f
2
N
rlr
s
off WO M Y o

N H‘u
ES&
TN

o
)
H

D

= >
Py
%
Loy

2

ox M XE 1o pu 30
2

Ho g

H oz

il

2

~

O {

2 ofj
Lo,

i —
off

-

E

o i

po

o

il

2

%

i
%0, Tn o

02

A

ol

)

o

of

of

X
X,

T

Lo | o X
rot

2

o
-

e
ox

ol
ol

N,

&S

M 2 oo tlo ox

N
N



122

e

Fig. 8 Deformed leading edge of Cessna 172R after
Bird Strike(During Cruise Speed Flight)

Fig. 82 A A| Cessna 172R
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Table 4 Comparison of applied materials
w4 A A H] 31
e AL2024 |Carbon Fabric
B T3 | T700S/#2510
€4 A7 [GPa] 70 56.3
&g [MPa]| 379 2523 | Notched
Value
EAFZ[mm] | 0.794 |0.8736(4 Ply)| =713k
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Fig. 9 Deformation of structure after Bird Strike
(Case : 4-Ply Composite)
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Fig. 10 Analysis results(Case: Composites)
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Table 5 Mass Comparison
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