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Fig.1 Multibody dynamics model of hose-drogue aerial

refueling system
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Fig.2 Schematic diagram of fuel hose ALE cable model
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Tab.1 Model parameters

W SRS LR 2 B
JB ik m, kg 146283.5
EEE T, kgem 9639286.0
L EEEL, kgem” 11802149.8
L EEEMET, kgem’ 21664501.1
B, m 39.877

ke, m 5.668

Jo i m, kg 13900
EEEE T, kgem® 22674.7
— EEa L, kgem® 133273.7
EET, kgem? 150671.3
B, m 13.62

%t e, m 5.14

It d, mm 68

P M1z d, mm 54

LFE e, kgem! 4.2

WIKEEE  MPa 8
HZd, m 0.61
ZEZMMA, m’ 0.204

- J R my kg 40.0
EEEMR L, kgem® 3.547
AL, kgem” 3.547
I, kgem”® 0.403
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Fig.3 Aerodynamic model parameter definition
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Tab.2 Aerodynamic coefficients of aircraft (Ma=0. 5)

B N S
o L

545 F-18 KC-135
Che rad ! -0.692 0.0192
Ci. rad ! 4.3 4.37
Ce rad ! -0.407 -0.7
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Chpo TG i 4N 0.14 0.017
Cro TG i 4R -0.0204 0.2
Coo TG 1 2N 0.00635 0.0
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Tab.3 Aerodynamic coefficients characteristic dimensions

ZH e ZH HfE
Cano ~1.1976 Cira 0.9884
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Cana ~1.0165 Cuy 0
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Fig. 6 Comparison of video and simulation results of hose whipping phenomenon based on flexible multibody dynamics
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Multibody dynamics analysis of whipping phenomenon in probe-drogue
aerial refueling system

ZHAO Zhenjun', TAN Xing—yu', SHI Xiao-jun®, ZHANG Changrong’, GUO Peng’
(1.School of Mechanical and Materials Engineering, North China University of Technology, Beijing 100144, China;
2.Institute of High Speed Aerodynamics, China Aerodynamics Research and Development Center, Mianyang 621000, China)

Abstract: The flexible structure in probe-drogue aerial refueling system often occurs the hose whipping phenomenon in different de-
grees, which greatly affects the safety of aerial refueling mission. Based on flexible multibody dynamics, a dynamic model of aerial
refueling system is built. The large deformation, large-scale movement and variable length characteristic of the hose are described
by beam element that based on arbitrary Lagrange-Euler description and absolute node coordinate method. The aerodynamic model
on the aerial refueling system is built, which can reflect the coupling effect between the movement of the tank and the receiver, the
deformation of hose and aerodynamic force. Based on the dynamics model, the hose whipping phenomenon in flight is reproduced,
and the formation mechanism of the phenomenon is obtained. The research shows that the docking impact is the main cause of
whipping phenomenon, which changes the equilibrium state of the hose and causes shear waves to propagate and reflect back. The
results of multi-case simulation are used for analyzing the influence law of various factors, including hose stiffness, docking speed
and Mach number, on the shear force, longitudinal wave and shear wave propagation speed of the hose when whipping phenome-
non happened. The effectiveness of hose reeling in/out control and buffered probe for vibration suppression of hose whipping phe-

nomenon is also analyzed, which provides an important reference for improving the safety of probe-drogue aerial refueling system.
Key words: multibody dynamics; aerial refueling ; hose whipping phenomenon ; hose-drogue assembly
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