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Bird Strike Analysis and Test of Composite Aircraft Radome
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ABSTRACT

The main purpose of this study is to compare the bird strike analysis result of the radome
composed of composite laminate and sandwich structure attached to aircraft with test result.
First of all, we generated bird model which has water properties through SPH(Smoothed
Particle Hydrodynamics) method. And then bird strike analysis was conducted with initial
velocity of bird measured from bird strike test. From analysis result we investigated whether
structural failure occurred or not onto the radome and compare maximum displacement of the
radome structure with test result. Also reliability of numerical analysis model was confirmed
through time-dependent pressure trend on this collision process matched existing research
result. Furthermore, we confirmed that failure behavior of the radome can be affected by
density of the particles in the bird model.
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Fig. 1. Schematic image of bird strike impact
test setup

Fig. 2. Behavior of radome after impact
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Fig. 3. Detail finite element model of radome

BAHEATE AT F Ade 974 HE
S7HFAT Heols FEREL 22 d(Shell) &
AHgEtdom RBE2E B3l AlgxTebe] A4
FEIY APATFE GolE-5A Aole AA
E JdE wrgste] AR il Z4zhe] A
of tis] Wul(In-Plane) AHFx2 F&FHS
oh =g Aok #HolE T2 FEdH o)
o F&S FI7IR RISl Table 12
g Ao AhgE 22 RE AEF Aol
TE= HEd V| EH 0 R Tsai-Wu 3

o

b Ay o o o P bt ok

o & ko M Sb Hr e fjn Ay Lo

> O B o ¥R

2 ot fd oft

ol TAse] WSS HAsGor oy
@, dulgal te SegEs dgstdn. 1ea
Zzke) AadEel UE MPE HEANE Pshel
g WEee 2RMe W axv BYHES a9
o}

2FEL =9 SA4S 7 ASE 5 UEF
A28 2 (Regular Mesh) 2.2 RA Pttt 279
ol et siqAdxrt et 5 Sled, & Al
A= W38 Y% (Hemispherical Ended Cylinder) 3
o] malg AgEhs Aog AR 2RED
718kekA )l g2 FEMH Al F 9T v
tH18]. Meguide ZFE Y5 (Cylinder), BF73 A%
(Hemispherical Ended Cylinder), B} A (Ellipsoid)]
Al 74A Az RAPg sAld Az gl
3 F 1) (Aspect Ratio)E T2A 3lo FE34
< FYAS. AMHEAAE Tl =REDE 7]8st
2 gl wet =7 HAEZHAY zo|rp At
ol Hul S=d™el Aol Ho o 47%°l i3St
© ApolE TS AFsHATH

A7l W= w9 Aol ish 107, 2070, 3071,
40719 dA7F 2FHES e 2 olfre dA
o] Ixvt M Adte] FEFS vH F UA7] fEol

Table 1. Model contents of radome FEM
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Fig. 4. Bird finite element model and geometric
parameters

Table 2. Analysis cases in relation to the
number of particles in bird model
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Fig. 5. Maximum nodal displacement trends in

relation to particle density of bird models
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Fig. 7. Displacement contour at impact area
from impact test and FEA
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Fig. 8. Pressure at the node that represent the
maximum displacement by time

= AFARFEE AIA Ol =
Z 4 (Initial Shock), 1 °]F9 ¥9& HF H
Steady Flow)@9 o2 F& & Jth ol =7/
=340 ALY o FEFHolA LRt or By
st g Fol9k Zth Fig. 9% Wilbecke] A4
I Z[19]=H =7 £EE DT
S we] k¥ Fo] I ZolH. Fig. 8

SEESCE S

—~

-3
4

-| —197mis t-

Normalized pressure
oy

2 ? b:M H H H
Ll Y ol Vg me e

1] 02 04 06 08 1
Normalized tune

Fig. 9. Pressure at the impact point by time
with respect to the impact velocity

oz Holgr ZFE dolFY wUg we 5=
A B3 el E ol BARE AFL BT

B EReME dolEe =RFEAY AWE
BAE 5 YES FANHRDS T £2RF
s wla g

Mo 2 2 N

7

==

Egﬁx\.i
o o

_‘>:,
QL
M
%0

g ¥ 5 AU ZRZEAY
3 Adss ARl A
4o ARoE WMEAGS
CAET weha EAH A 2 A

~

Bt o b1 > Hg oox o rr
i)
flo
AN
R
o do

References

1) Wright, S. E,, and Dolbeer, R. A., “Percentage
of wildlife strikes reported and species identified
under a voluntary reporting system,” 2005 Bird
Strike Committee-USA/Canada 7th Annual Meeting,
Vancouver, BC, 2005, p.11.

2) Park, C. Y, Jang, B. W., Kim, ]J. H, Kim, C.
G., and Jun, S. M., “Bird strike event monitoring
in a composite UAV wing using high speed
optical fiber sensing system,” Composites Science and
Technology, Vol. 72, No. 4, 2012, pp.498~505.

3) Wilbeck, J. S., “Impact behavior of low
strength projectiles,” Air Force Materials Lab Wright-



M 47 # X 5=, 2019. 5.

$37] 234 Aol e £RFEANN 9 AY 325

Patterson AFB OH, No. AFML-TR-77-134, 1978.

4) Wilbeck, J. S, and Rand, J. L., “The
development of a substitute bird model,” Journal of
Engineering for Power, Vol. 103, No. 4, 1981, pp.
725~730.

5) Airoldi, A., and Cacchione, B., “Modelling of
impact forces and pressures in Lagrangian bird
strike analyses,” International Journal of Impact
Engineering, Vol. 32, No. 10, 2006, pp.1651~1677.

6) Kong, C. D., and Lee, ]J. H.,, “A study on the
structural behavior for the design of the small
aircraft composite propeller blade by considering
bird strike impact,” Journal of The Korean Society for
Aeronautical and Space Sciences, Vol. 25, No. 4, 1997,
pp-72~85.

7) Nizampatnam, L. S., “Models and methods for
bird strike load predictions,” Doctoral dissertation,
Wichita State University, 2007.

8) Moon, C. O., Woo, J. H, Oh, T. S, Hwang,
C. H.,, and Park, C. Y. “Assessment of birdstrike
resistant aircraft windshield,” Journal of The Korean
Society for Aeronautical and space Sciences, Vol. 24,
No. 2, 1996, pp.95~105.

9) Gingold, R. A,
“Smoothed particle hydrodynamics: theory and
application to non-spherical stars,” Monthly notices
of the royal astronomical society, Vol. 181, No. 3,
1977, pp.375~389.

10) Lucy, L. B, “A numerical approach to the

and Monaghan, J. ],

testing of the fission hypothesis,” The astronomical
journal, Vol. 82, 1977, pp.1013~1024.

11) Kang, P. S, Im, C. K, Youn, S. K, Lim, J.
H., and Hwang, D. S, “A study on the damage of
caused by hypervelocity impact with
orbital debris,” Journal of The Korean Society for
Aeronautical and space Sciences, Vol. 40, No. 7, 2012,

satellite

pp.555~563

12) Kim, C. H,, Lee, Y. G,, and Jeong, K. L., “A
study on the numerical
two-dimensional incompressible fluid flows using
ISPH method,” Journal of the Society of Naval
Architects of Korea, Vol. 48, No. 6, 2011, pp.560~568.
R. A, B. D,
“Numerical modeling of water waves with the
SPH method,” Coastal engineering, Vol. 53, No. 2-3,
2006, pp.141~147.

14) Crespo, A. ],
Dalrymple, R. A, “Modeling dam break behavior

simulation method of

13) Dalrymple, and Rogers,

Gomez-Gesteira, M., and
over a wet bed by a SPH technique,” Journal of
waterway, port, coastal, and ocean engineering, Vol.
134, No. 6, 2008, pp.313~320.

15) Georgiadis, S., Gunnion, A. J., Thomson, R.
S., and Cartwright, B. K., “Bird-strike simulation
Boeing 787
moveable trailing edge,” Composite Structures, Vol.
86, No. 1-3, 2008, pp.258~268.

16) Monaghan, J. J.,, “Smoothed particle hydro-
dynamics,”  Annual review of astronomy and
astrophysics, Vol. 30, No. 1, 1992, pp.543~574.

17) Cooper, P. W., “Acceleration, formation, and

for certification of the composite

flight of fragments,” Explosives Engineering, Wiley-
VCH, 1996, pp.385~394.

18) Meguid, S. A, Mao, R. H,, and Ng, T. Y,
“FE analysis of geometry effects of an artificial
bird striking an aeroengine fan blade,” International
Journal of Impact Engineering, Vol. 35, No. 6, 2008,
pp-487~498.

19) Lavoie, M. A., Gakwaya, A., Ensan, M. N,
and Zimcik, D. G., “Validation of
approaches for bird modeling
tools,” International Review of Mechanical Engineering,
Vol. 1, No. 4, 2007, pp.380~389.

available

numerical strike





