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Bird Strike and Linear Buckling Analysis of a Multi-Spar Composite Flap

Jinho Shin***, Gyeong-Han Lee*****, Solmi Kim™****** Sang-Woo Kim™******,
Myoung Kwan Shin****, Kyubeom Kim™****

ABSTRACT: Bird strike accidents can cause critical structural damage to aircraft and may lead to catastrophic events.
The Federal Aviation Administration (FAA) has established bird strike regulations to ensure aircraft safety and
requires evaluation of the bird strike capability of aircraft structures. Bird strike capability is typically assessed through
bird strike tests; however, these tests require substantial time and cost, and analysis-based bird strike assessments have
recently become more widely adopted. In this study, an analysis-based bird strike safety evaluation was performed for
a multi-spar composite flap based on bird strike requirements provided by Korea Aerospace Industries, Ltd. (KAI),
and bird strike analysis and linear buckling analysis were conducted sequentially. After the bird strike analysis, damage
to the flap was represented by deleting elements near the impact region. A linear buckling analysis was then
performed by applying the aircraft limit load to the damaged flap, and the buckling load factor and buckling mode
shapes were obtained to assess flap failure and buckling stability. The results confirmed that the proposed multi-spar
composite flap satisfies the bird strike requirements.
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Fig. 1. Annual number of reported bird strike in the United
States

Table 1. FAA regulations on bird strike for Part 25 transport cate-
gory airplanes

FAR No. | Requirements [2]

Structure must be designed as damage-tolerant for dis-
crete source damage including bird strike and must
retain sufficient residual strength for continued safe
flight and landing after impact.

§25.571

Empennage structure must be capable of continued
§25.631 | safe flight and landing following impact with an 8 Ib
bird.

Windshield and its supporting structure must with-
§25.775 | stand impact with a 4 1b bird without penetration and
must preserve adequate pilot vision and safety.
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Fig. 2. Geometry of the wing high-lift device flap
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Table 2. Material properties of Aluminum7050-T7451 and PH13-

8Mo
Parameters |Aluminum?7050-T7451| PH13-8Mo Units
E 71 195 GPa
v 0.33 0.28 -
P 2,823 7,720 kg/m’
a 2.3x10° 1.0x10°  |mm/mm°C

Table 3. Material properties of AGP-193-PW-8552 and AS4/8552

Parameters | AGP-193-PW-8552 | AS4/8552 Units
E, 65 127 GPa
E, 66 9 GPa
Gy, 5 5 GPa
v, 0.05 0.3 -
P 1,532 1,563 kg/m’
Xr 714 1,760 MPa
X 735 1,267 MPa
Y, 619 52 MPa
Y. 647 235 MPa
S 93 77 MPa
o, 2.3x10°° 0 mm/mm°C
a, 2.3x10° 3.4x10° mm/mm°C
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Fig. 5. Number of composite skin plies in each flap structural
region

Table 4. Stacking sequences for different numbers of composite

plies
No. of layers Stacking sequence
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14 (P14) [-45°/90°/0°/45°/0°/-45°/90°],
12 (P12) [-45°/0°/45°/0°/-45°/90°]
8 (P8) [-45°/0°/45°/90°],
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Fig.7. Boundary conditions of the flap bird strike analysis
model

Table 5. Initial bird density and equation of state coefficients

Parameters Value Units
p; 930 kg/m’
a, 0.51 -
a, -8.2 -
a, 55.15 -
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f . e b = Uy = Uy =UR =UR;=0

Fig. 11. Boundary conditions of the flap model for buckling
analysis

Fig. 12. RBE3 elements modeled to apply the limit load to the
flap
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perature conditions
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Fig. 14. Displacement distribution of the flap for each scenario:
(a) Case A, (b) Case B, and (c) Case C



204 Jinho Shin, Gyeong-Han Lee, Solmi Kim, Sang-Woo Kim, Myoung Kwan Shin, Kyubeom Kim

EptT

Fig. 14(b)&= Case B2] ¥ 9] ExEZ & HolFh 277}
inboard 71559} ¢ L& Alo] &7 stEE Alof S
Eot A7lo] 9 R WU MPEHAT EH F
 ¥9l= 277 5= 719] F4l 5ol 4 69.0 mm=E
EEEH A E9E 53]
&30 Case Ad H|3l| 2 ¥9)7} LAY Fig. 14(c)
+ Case Co] 9] X5 H o]t Case ColA EH 2 W
e 2F T8 FAEE 7IE0E A o|FH Exs}
ATt EFF 277} outboard g el T4 e Alo] E
g st A7lof &5k AXlo] & YR e R ¥
FE ok S ) 9= 277 S0t 2719 F
AFollA 652 mmE UERTE ZF Alube] 2.0] HEE S8l
TE 5 Ao 2F7F =3 Case Aoj H|3|| = L5 A}
o] 2710 277} FE3E Case B, CollA H$I7F o 2 A&
SIS 4= glor, o] B3l = Ao R} s
Aol HofghE SHlstair.

Arel e E59 F o A, Y& o A], 25 oY
A], hourglass o #] g7} W 9|5 Table 7¢] UEhH Sich. U
oY= 27 F5 BG4 Eo] e 279 &
& AR E Yujgith. HF oHqA7 #3405 29 =
F-o] ok o] ol =2 g o] WA} Hourglass
oUR|= i) =24 S UEhli= A3 = hourglass
of Y x| 7} Y& of 1] %] 2] 10% n] Wkl S 34 o] oFA A
2 AT 4= e AR HHTH25]. 2F FEC] TR
El= 6 ms A Fof|A ZF Aluhe] @ W E510] YR oL 2=

oh
rr

Table 7. Summary of flap displacement and internal energy for
each bird strike scenario

Scenario Displacement Internal energy
Case A 39.6 mm 4757
Case B 69.0 mm 965 ]
Case C 65.2 mm 688 ]
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Fig. 15. Energy history of the flap for bird strike Case B
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Fig. 16. Composite failure index of the flap after linear static
analysis for each scenario: (a) Case 1, (b) Case 2, and (c)
Case 3
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Fig. 17. von-Mises stress of the metallic parts after linear static
analysis for each scenario: (a) Case 1, (b) Case 2, and (c)
Case 3
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Table 8. Buckling load factor for each buckling analysis scenario

Scenario Buckling load factor (eigenvalue)
Case 1 1.06
Case 2 2.60
Case 3 1.38

(©

Fig. 18. First buckling mode shape for each scenario: (a) Case 1,
(b) Case 2, and (c) Case 3
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