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Simulation and Test Verification of Collision Between Aircraft Windshield
and UAYV Based on Cohesive Zone Model
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Abstract:In order to effectively support the simulation analysis of unmanned aerial vehicle(UAV ) impact on
aircraft and reduce the cost of experimental research, the test and finite element simulation method research of
collision between UAV and windshield of a transport category aircraft were carried out. The modeling method
of windshield and UAV was studied and established according to the actual size and curved surface
configuration. Considering the unpredictability and complexity of crack initiation and propagation of
windshield glass after impact, zero-thickness cohesive elements were embedded between glass elements and
between glass layer and rubber layer in the windshield model through Python programming, and the finite
element model of windshield based on intrinsic cohesion was presented. It is found that the simulation results
of corresponding conditions are basically consistent with the experimental results, which validates the
cohesive zone model in the simulation. And compared with the conventional element deletion method, the
simulation results based on the cohesive zone model are closer to the experimental results, which
demonstrates that the established method has higher accuracy.
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Fig.2 Main components of the windshield
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Fig.5 Schematic diagram of cohesive zone model
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Fig.6 Mesh drawing of the windshield
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Fig.7 Principle and effect drawing of the cohesive elements embedded in the windshield model
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Fig.8 Bilinear cohesive zone model
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Table 1 Cohesion parameters of windshield glass
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(a) First working condition

(b) Second working condition

(c) Third working condition
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(a) Intrinsic cohesive method
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Fig.17 Comparison of collision process between simulation and test

(a) Intrinsic cohesive method
& 18

ests
55 LAP 00 F 28 12 AR B 0 07 B85 5 5 a0 0 45 0] He (BR 3 RO 2047 2 mm)

(c) Element erosion method

(c) Element erosion method

Fig.18 Comparison of simulation and test result of the first glass in the first condition
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(b) Tests

(c) Element erosion method
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Fig.19 Comparison of simulation and test result of the first glass in the second condition
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Fig.20 Comparison of simulation and test result of the third glass in the second condition (view from the inside of cockpit)
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(c) Element erosion method
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Fig.21 Comparison of simulation and test result of the first glass in third condition

3.3 XUBHTH S R 25 M Kz 3 bk 4 4

I SO ELWE AT A 45 45 A RE Ok X L 3 B %
N T35 0 5 B 45 5 5 R 06 4 SR T B N 2R ) R
N AE TE AL ML AP B 5 Rl 07 B AR
PE o T 0 B o R A XU AR e )i
XF L A3 B, UE WA SO T N R T i O LR AL A
KB o

T e W RO R R R
DAL I 378 AT 288 02 28 e 840 55 0 LS AL 1 Y
N7 B A AR BOHE SE AT L . BT AR 3 T A Bl
REH K, S BOL T W AE i R BEAE 8 ms 8%, A 2k
AR R EN K A S ms, AT 1ME 2 TH T
10 ms B REERT K .

55 1 00 A a5 A A 1 22 TR B 1R T
e (Il 23) 3 36 i 28 0 £ 0 ot 4 1 i R D e g
A5 B VB SE AT R o 5 2 T I A

w24 ros 5 2 80 T 0L (& 25) i e RIS &
W Bl O B% , (RS2 5 (E AR A A5 o 57 30 T B0 1 A
7 B N & 26 T, 55 3R T80 (L 27) 13k 56 il £
TR L T 2 1 e R 0 R A 67 R B M R AR X
N o L5 3 T B0 i Ay 1 A0 50 AN [ I 0 2 )
JOL () R G B, RTINS i S AR

P22 5 1 RN T B0 A AR R A SR (HLAR P9 MIILEE )

Fig.22 Layout of strain gauge in the first condition (view
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