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Abstract

The article considers the stress-strain state modeling of a light sport aircraft wing panel from polymer composite 

materials (PCM) under the impact of a single shock load caused by a bird strike. The study is aimed at identifying 

areas in the wing structure where defects and damages occur, depending on the impact speed and the PCM 

reinforcement scheme. The primary purpose consists in the PCM wing structures impact resistance increasing 

through the parametric modeling application.

The wing skin panels of the Piper PA-28 aircraft from the carbon Þ ber and Þ berglass with various reinforcement 

schemes were selected as the subject of research. Numerical modeling of the shock loads was conducted with the 

ANSYS software suite, applying the Lagrangian method. The two basic reinforcement schemes were considered: 

[0, ±45, 90]n and [±45]n.

It was found that carbon Þ ber panels exhibit higher impact resistance compared to the Þ berglass panels. At striking 

velocities of up to 40 m/s, both panels (carbon Þ ber and Þ berglass) retain structural integrity. However, with the 

velocity increase up to 50 m/s multiple damage zones and through penetration originate in the Þ berglass panels, 

while the carbon Þ ber panels sustain impact without through damages.

Special attention is given to the analysis of stress distribution within the PCM layers. It was found that carbon 

Þ ber panels with the [±45]n reinforcement scheme exhibit the highest shock resistance due to the optimal stress 

distribution within the layered structure. This conÞ rms the expediency of applying this reinforcement scheme for 

the wing structures.

The obtained results allow the wing structures optimization of the light sport aircraft, enhancing thereby their 

operational safety. The study conÞ rms that both material and reinforcement scheme selection signiÞ cantly aff ects 

the shock resistance of the structure, which must be considered in the design of aviation structures from the PCM.

Thus, the carbon Þ ber application with the [[±45]n reinforcement scheme signiÞ cantly increases resistance of the 

wing structure to the shock loads caused by the bird strikes while ensuring minimal weight and high strength. This 

study contributes to the development of more reliable and safer aviation structures.
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>B?8K5EF2B@ E?B52 16: [0, ±45, 90]n (D8c. 3,0) 

8 [±45]n (D8E. 3,1) [15�17]. $0ECB?B65A85 E?B52 
E8@@5FD8KAB BFABE8F5?PAB ED54A5= C?BE>BEF8.

�>AB0=>2:0 7040G8 G8A;5==>3> <>45;8@>20=8я
�?S @B45?8DB20A8S A5EF0J8BA0DAB3B CDBJ5EE0 

G40D0 CF8J5= C0A5?8 87 #�  D0EE@0FD8205FES CD8-

@5A5A85 >B@@5DK5E>B3B CDB3D0@@AB3B >B@C?5>E0 
ANSYS, 345 D50?87B20AO @5FB4 �03D0A60, Э=?5D0 
(ALE), E3?065AAOI K0EF8J (SPH). � 40AAB= D01BF5 
8ECB?P7G5FES @5FB4 �03D0A60 [16�18].

!0 BEAB25 2O1D0AAOI 35B@5FD8K5E>8I @B45?5= 

EFDB8FES >BA5KAB-Q?5@5AFA0S E5F>0 (D8E. 4). )0D0>-
F5DAO= D07@5D Q?5@5AF0 EBEF02?S5F 10 @@. �B340 
CF8J0 EF0?>8205FES E C0A5?PR CB4 G3?B@, 1?87>8@ 

> ABD@0?8 (FB 5EFP CBKF8 C5DC5A48>G?SDAB CB25DI-
ABEF8), G40DA0S A03DG7>0 D0ECD545?S5FES CB 1B?P-
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�7GK05FES G40D CF8J5= CB ABD@0?8 > CB25DIABEF8 

8 CB4 G3?0@8 10, 20, 30, 45.
�5B@5FD8S G40DAB3B Q?5@5AF0 (CF8JO) 4?S @B-

45?8DB20A8S EK8F05FES B4A8@ 87 206AOI H0>FBDB2 
4?S CB?GK5A8S >BDD5>FAOI D57G?PF0FB2. $0EE@0-
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              87 #�  E0@B?5F0 8 @B45?P CF8JO
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(F01?. 3).
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 57C;PB0BO G8A;5==>3> <>45;8@>20=8я
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2 ANSYS-Explicit Dynamics [20�22].
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�?S BJ5A>8 EFB=>BEF8 >BAEFDG>J88 >DO-

?0 ?53>B3B ECBDF82AB3B E0@B?5F0 87 #�  > 
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0D@8DB20A8S 2O45D60?8 2B7A8>0RM85 A0CDS65-
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D07DGL5A8S EB E>2B7AO@ CDB18F85@ (F01?. 4, 5).
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&01;8F0 5.  "1B1M5AAO5 40AAO5 K8E?5AAB3B @B45?8DB20A8S EFB?>AB25A8S CF8JO
                       E C0A5?S@8 >DO?0 87 EF5>?BC?0EF8>0

'3;5?;0AB8: A> AE5<>9
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[0, ±45, 90]n

� 20 14,606 317,12

� 30 19,021 440,72

� 40 21,731 590,22

� 50 94,271 1037,7

[±45]

� 20 15,431 303,62

� 30 17,241 337,15

� 40 24,085 543,16

� 50 78,043 607,05
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