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Construction and Application of Equivalent Mechanical Model of
Liquid Longitudinal Sloshing in Sprayer Tank

CHEN Yu LU Liquan ZHANG Junchang CHEN Jun HU Chenwei CAO Jiayu
(College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; Aiming at the problem that the influence of the vertical sloshing of the liquid in the medicine
tank on the smoothness and operation quality of the whole machine is difficult to detect under the complex
working conditions of the self-propelled sprayer with high ground clearance, based on the dynamic
characteristics of the liquid sloshing and the equivalent criterion of the mechanical model, a spring — mass —
damping equivalent mechanical model can describe the longitudinal sloshing of the liquid in the medicine
tank, and the model parameters were solved by using the principle of mechanical equivalence. Fluent
fluid simulation software was used to establish the liquid sloshing simulation model in the tank, and the
simulation results were verified by bench experiments to reflect the real liquid sloshing impact. Using
Matlab/Simulink software, a numerical analytical model of equivalent mechanics was established.
Combined with the simulation results of Fluent, the changing law of the moment of liquid longitudinal
sloshing acting on the container wall was compared and analyzed when the liquid filling ratio was 0. 1,
0.5, and 0.9, and the established equivalent model was verified. The constructed equivalent mechanics
model was applied to the analysis of the vertical dynamic characteristics of the sprayer, and it was
concluded that the sloshing of the liquid medicine and the change of the quality of the liquid medicine had
a great influence on the driving smoothness of the whole machine, and the driving smoothness of the
whole machine was poor when the filling ratio was 0.8. The research results can provide an
implementation approach for further research on the optimization of the chassis structure and the analysis
of smoothness and stability under different operating conditions and time-varying liquid quality of the
sprayer.
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Fig.1 Coordinate system of tank longitudinal shaking
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Fig.2 Longitudinal spring — mass — damp equivalent model
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Fig. 10 Dynamics model of sprayer half-car without

liquid sloshing
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Dynamic model of sprayer half-car with

liquid sloshing
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Fig. 12 Simulink half-car dynamics simulation model
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Tab.4 Simulation parameters of sprayer

PRSI AR S SR

TR I mg, /kg m,,/kg 1,/ (kg m?)
0(=54%) 103.7 0 89.7
0.1 117.9 14.2 90.8
0.2 141.7 38.0 95.9
0.3 172.6 68.9 101. 8
0.4 208.7 105.0 108. 1
0.5 241.8 138.1 113.4
0.6 274.7 171.0 118.2
0.7 308.2 204.5 122.8
0.8 338.7 235.0 126. 8
0.9 342.7 239.0 127.3
1% 356.9 253.2 129.3
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Fig. 13 Random road input for front and rear wheels
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Fig. 14  Comparison of simulation results
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Fig. 15 Comparison of simulation results at different

filling ratios
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Tab.5 Comparison of simulation results of each filling ratio
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T L A& % & A& % & A& % & A& % 8
WAk S 3 WK S 5h WAk S5 WK S 5h WAk S5 WK S 5h WAk S5 WK S 5h
0(z52%k) 0.70 4.19 0.24 1.73
0.1 0. 66 0.72 4.08 4.26 0.22 0.25 1.51 1.78
0.2 0. 60 0.74 4.00 4.49 0.21 0.26 1.42 1.86
0.3 0.59 0.76 3.76 4.85 0.20 0.28 1.20 1.99
0.4 0.53 0.79 3.22 5.38 0.19 0.31 0.98 2.23
0.5 0.50 0.90 2.88 6.08 0.18 0.36 0. 87 2.58
0.6 0.48 1.12 2.78 7.39 0.18 0.43 0.83 3.09
0.7 0.48 1.36 2.48 9.17 0.18 0.50 0. 82 3.60
0.8 0.47 1.69 2.28 11.55 0.18 0.59 0.79 4.27
0.9 0.47 1.37 2.26 9.16 0.18 0.49 0.79 3.56
1CER) 0.46 2.15 0.18 0.77
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