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Multi-body Dynamic Analysis and
Simulation of Backhoe Hydraulic
Excavator Working Device Based on
Rigid-flexible Coupling

LIU Guangjun', LIU Kezhen', SUN Bo', ZHANG Yining’

(1. School of Mechanical Engineering, Tongji University,
Shanghai 201804, China; 2. Small Excavator Research Institute,
SANY Heavy Machinery Co., Ltd., Kunshan 215300, China)

Abstract: By taking a certain type of excavator as the
research object, a working device is set up and a
mathematical model of digging resistance is established.
Firstly,
cylinder during excavation are tested by pressure sensor

the pressure and the displacement of each

and displacement sensor, and the stress of the boom and
arm at each measuring point is measured by resistance
strain gauge in the working conditions of soil and stone
excavation. Secondly, the loads are calculated by dynamic
analysis based on the displacement and pressure of each

cylinder. Finally, the rigid-flexible coupling model of the
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excavator is built by using finite element software and
dynamic simulation software. Driven by the displacement
curve of each cylinder, the stress of the boom and arm at
each measuring point is obtained. It is shown that
simulation results and test results of the stress have the
same trend, and the error is less than 15%.

Key words: excavator; working device; rigid-flexible

coupling; dynamic analysis; stress test
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Fig.1 Mechanism diagram of backhoe hydraulic

excavator
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Fig.2 Schematic diagram of excavation resistance

and loading of working device
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Fig.3 Establishment of rigid-flexible coupling model
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Tab.1 Cylinder parameters of excavator working

device
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Fig.5 Scope of excavator operation
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Fig.4 Working envelope of excavator
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Fig.6 Test site of excavator operation
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Fig.7 Displacement and pressure curve of cylinder in one operation cycle
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Fig.10 Measured stress curve of working device
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Fig.11 Simulation curve of hinge-point loads of working device
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Fig.13 Comparison between simulated data and measured data of stress for working device after fitting
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Tab.2 Comparison between simulated data and
measured data of stress after fitting
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