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Nonlinear Spectrum Based Fault Diagnosis Method for

Industrial Robot Drive Systems

CHEN Lerui, CAO Jianfu, WANG Xiaoqi

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

Abstract; A fault diagnosis method for industrial robot drive systems based on nonlinear output
frequency response function (NOFRF) is proposed to solve the problem that the generalized
frequency response function (GFRF) cannot satisfy the real-time requirement of systems due to
its large amount of calculation in fault diagnosis. The method constructs an identification model
of one-dimensional spectrum function for a system, and calculates the residual between the output
spectrum and the estimated spectrum of the system in order to change iteration step length of
identification and to get spectrum values of the first four orders. These four orders’ NOFRF
spectrum values are then sampled order by order with 10 values for each order, and a total of 40
spectrum values form a 40-dimensional feature vector. The resulting vectors are sent to the kernel
principal component analysis (KPCA) for compression by calculating the cumulative contribution
rate of the principal component. The high-dimensional data are compressed into 3-dimensional
data to reduce the nonlinearity between variables. An SVM classifier is constructed, and 60% of

the low-dimensional data generated by KPCA are used as a training set to train the classifier,
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while the rest 40% of the data are used as a test set to identify faults. Experimental results and a

comparison with GFRF show that the proposed method saves 85. 4% of the processing time under

the same data extraction task, and accurately and quickly extracts fault features of the system,

which proves the reliability of the method in the application to fault diagnosis of industrial robot

drive systems.

Keywords: industrial robot; drive system; fault diagnosis; nonlinear output frequency response
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