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Dynamic simulation and optimization design of the frame for a small aircraft

towbarless towing vehicle

ZHU Hengjia, WANG Xinyue
(College of Aeronautical Engineering, CAUC, Tianjin 300300, China)

Abstract: The frame of the towing vehicle, as the core load—bearing structure of the aircraft towbarless towing vehicle, di-

rectly determines the safety of the aircraft towing and taxiing system through its strength and stiffness. This paper
designs a frame structure for the towing vehicle tailored to the towing requirements of small aircraft and develops
a corresponding dynamic simulation model to thoroughly investigate the effects of towing speed and road obstacle
bump height on frame loading. Finite element simulation, structural optimization design, and experimental vali-
dation reveal that when the rear wheels of the towing vehicle encounter an obstacle bump, symmetric and equal
maximum forces are generated on the left and right side beams of the frame, and these forces increase significant-
ly with increasing towing speed. Under the condition of a towing speed of 30 km/h and an obstacle bump height of
30 mm, the frame loading and stress level reach their peaks, causing local stress values to exceed the material’s
allowable stress limit. After structural optimization, the frame’s load —carrying capacity is improved by 86.31%
without exceeding the allowable stress, and the accuracy of the optimized model is validated by experimental da-
ta. This paper can provide important theoretical basis and practical reference for the subsequent design and opti-

mization of towing vehicle frames.
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Tab.2 Frame model parameters of the small aircraft

[ /mm

towbarless towing vehicle
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Fig.1 Frame model of the small aircraft towbarless towing vehicle
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Fig.2 Schematic illustration of hydraulic cylinder position
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Fig.3 Road surface model with a bump
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Fig.4 Model of the towing system
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Tab.3 Maximum force at point D on the frame during single—side

traversal of a road bump
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Fig.6 Force on the towing vehicle frame at different speeds

(both sides)
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Tab.4 Maximum force at point D on the frame during both—side

traversal of a road bump
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Fig.8 Results of finite element dynamic analysis
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Fig.10 Cloud map of finite element results for optimized frame
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Tab.6 Comparison of maximum stress before and after optimization
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Tab.7 Results of frame forces under static loading

NAERFS  PFEREMPa SR E/MPa AEAL%
1 3.71 337 -9.16
2 1.22 1.10 -9.84
3 112 1.23 9.82
4 0.67 0.72 7.46
5 1.18 1.32 11.86
6 1.99 1.81 -9.05
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