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Fault Mechanism Analysis for Heavy-Load Industrial Robot

with Nonlinear Spectrum
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(State Key Laboratory for Manufacturing Systems Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In this approach, a novel fault mechanism analysis method based on nonlinear spectrum
is proposed for heavy-load industrial robot. In view of high speed and large load of the heavy-load
industrial robot, a rigid-flexible coupling dynamics model of the heavy-load robot is established
considering the joint flexibility in the system, where one of the joints is selected to construct the
first 4-order nonlinear output frequency response functions (NOFRF) spectrum model of the
system by recursive method, and the fatigue fault of the robot joint is taken as an example to
obtain the NOFRF spectrum with different fault levels. The NOFRF spectrum is adopted to
analyze and explain the high-order harmonic components and sub-resonance phenomena when
fatigue fault occurs in the robot joint, and a fault diagnosis test is also carried out. The results
indicate that NOFRF spectrum is very sensitive to robot joint fatigue fault, which can explain the
mechanism of heavy-load robot jitter phenomenon caused by joint fatigue. Compared with the
fault diagnosis methods based on system output in frequency domain and time-frequency domain
signals, the accuracy of fault diagnosis using NOFRF spectrum as fault feature achieves 93.13%

with the improvements of 19. 38% and 6. 88% , respectively.
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Fig. 1 The structure of heavy-load robot
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