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Fig. 1 Shaft system bending-torsion coupled lumped mass model
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Fig.2 Schematic diagram of shaft system torsional deformation
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Fig.3 Schematic diagram of shaft system bending deformation
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Tab.1 Concentrated mass parameters of the shaft system
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Fig. 4 Characteristics of coupling torsional stiffness variation
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Fig.5 Schematic diagram of shaft system excitation load analysis
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Fig. 6 Comparison of the variation patterns between the bending
load original function and the fitting function
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Fig.7 Comparison of the variation patterns between the original
resistance torque function and the fitted function
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Fig. 9 Natural frequency orders and mode shapes of the shaft system
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Analysis of bending-torsion coupling vibration characteristics of compressor

shaft system considering hardening stiffness characteristics

ZHANG Hao ZHAO Xiang ZHANG Dongmei

ZUO Song

(PLA Joint Logistics Support Force University of Engineering, Chongqing 401331, China)

Abstract: [Objective] This study aims to investigate the influence of coupling variable stiffness characteristics on the

vibration behavior of the shaft system. The motor rotor-coupling-crankshaft-bearing system of a compressor was selected as

the research object. [Methods] A coupled bending-torsion dynamic model of the shaft system was constructed using the

Lagrange method. The effects of variable stiffness, rotational speed, and bearing clearance on the vibration response and

nonlinear behaviors were analyzed through numerical simulations. [Results] The results indicate that variable stiffness

characteristics lead to "sawtooth" fluctuations in phase space, while the shaft center trajectory remains largely unaffected. As

rotational speed increases, hardening stiffness induces nonlinear behaviors such as chaos and bifurcation, causing a rightward

shift of resonance peaks, phase space fluctuations decrease with reduced bearing clearance. These findings provide a basis for

predicting vibration behavior and guiding speed selection for shaft systems.
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