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Impact damage analysis and life evaluation of all-terrain vehicle airdrop
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Abstract: All-terrain vehicles (ATVs) are widely used in boxderpatrol, disaster relief transportation, forest fire protection and
other fields due to their excellent environmental adaptability ‘and off-road capabilities. Major emergencies often lead to a
significant decline in regional accessibility, putting forward clear requirements for the repeated airdrop operation capability of
ATVs. However, the airdrop landing process exerts intense impact on the vehicle, and repeated airdrops are more likely to cause
cumulative damage to the vehicle, thereby affecting its airdrop operational reliability. To address this issue, combined with the
structural characteristics and mechanical properties of each subsystem of ATV, a numerical simulation model of ATV airdrop
system was established to analyze the inipact load transfer characteristics of the ATV airdrop. Then, the low cycle fatigue analysis
method was employed to evaluate the.airdrep life 6f ATV. Combined with the Johnson-Cook damage model, the airdrop impact
damage evolution law and life chatacteristicssef the vehicle under multiple landing scenarios were systematically studied. The
results show that the initial maximumny damage of the ATV is concentrated on the chassis crossbeams; as the number of airdrops
increases, the location of maximuwm<damage shifts to structures such as upright columns. Under ideal airdrop conditions, the
airdrop life of the vehicle ig’ 10 times;vand the airdrop life decreases with the increase of landing speed, among which the impact
of oblique landing speed. isithe miest significant. It is noteworthy that when the longitudinal, oblique, lateral, and vertical landing
speeds reach 1 m/s, 1.5'm/8, 3m/sfand 15 m/s respectively, the damage value at the maximum damage location of the vehicle
frame will exceed L, indicating that the ATV will sustain damage with just a single airdrop. Therefore, airdrop operations under
these conditions are net tecommended. The relevant research results provide important technical support for ensuring the repeated
airdrop operation,capability of ATVs under multiple landing scenarios.
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Table 1 Reference table of physical and finite &lement models for ATV systems

RY JUf AR A PR TR R

JEE L (kg) 146416 147.296 0.60%

20 (kg) 3307554 328.086 0.75%

B2 (k) 82°911 82.628 0.34%

ke 22.3 22.231 0.31%

HAth (B8RS, EER%(Kkg) 767.819 770.959 0.41%

(a) Layout of vehicle airdr@s—ystem (b) Finite element model
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Fig.1 ATV airdrop landing system
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Fig.2 Maximum strain values under different mesh sizes
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Fig.6 ATV airdrop lifespan result diagram
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Fig.11 Analysis of maximum load position and transmission path under airdrop impact with 1 m/s lateral velocity
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Fig.12 The maximum damage location of airdrop landing impact under different lateral velocities
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