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Abstract— In this study, we propose an intelligent servo tuning method using Lagrange interpolation polynomials to adjust the controller parameters of the position and velocity loops respectively and improve the system performance. The proposed practical approach bases on the linear scale signals of iterative circular tests. It reduces the high cost of Renishaw double call bar and time cost. The experimental results demonstrate the accuracy of feed drive system diagnosis and the improvement of performance.
I. Introduction
 In this study, servo parameter adjustment is introduce by linear scale signals of circular test. The circular contouring accuracy of machine tools can be improved by appropriate servo tuning. It decreases the servo mismatch and the contouring error to lead  high precision. Literature [1] used more complete modeling and system identification to establish the virtual feed drive system model, includes motor drive control system, feedforward controller system, and nonlinear phenomena. And then, the servo parameters are tuned by particle swarm optimization algorithm. However, the adjustment is aimed at maximizing the bandwidth of both axes to ensure that the gain is matched. It did not consider the effect of servo mismatch caused by phase errors in both axes. 

Hence, this study proposes an easy, model-free, and low-cost approach to diagnose and improve the machine servo system quickly; to investigate the difference in the phase and gain of feed drive axis. The trajectory analysis is carried out to obtain the relative error of the axes of the feed system (linear scale signals), a picture of the results to find the servo mismatch phenomenon, and identified the critical influencing components. The Lagrange interpolation polynomial is adopted to create a circular adjustment module that gives the operators to improve the servo response and reduce machining contour errors.
II. Methods and Results
Servo mismatch is the difference of response between axes, includes gain and phase variation. Physical parameter (mass, damping, stiffness coefficient, etc.) changes in each part of the machine will cause changes in system response. Generally, we improve system response inconsistencies with feedforward, position, and velocity controllers. However, the feedforward controller is designed differently by each manufacturer. Therefore, we focus on position and velocity controllers to adjust the system response in this research.
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