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Abstract: It is clarified in this paper that backlash in position servo system with gear mechanisms, apart from causes the
well-known forward hysteresis characteristics, leads to the onload-offload cycling nonlinearity as a result of synchronous
jumps of driving dynamics parameter due to the naturally backward modulation result from repetitive changes between
loading and unloading state in reciprocating motions. An equivalent frequency-domain model and its approximate formula
are established for this nonlinearity within the first harmonic wave sense, and the magnitude frequency and phase frequency
characteristics of the model are correspondently analyzed. Furthermore, a new backlash identification method based on
closed-loop weakly self-excited oscillation is presented for systems in active service, hence a controller tuning algorithm is
suggested. The effectiveness and accessibility of the proposed method are additionally verified via numerical simulations
on specific example with different backlash values under white Gaussian noise measurements.
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Fig. 1 Closed-loop motor position servo system
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