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Abstract: System load changes and the contouring error are difficult to estimate quickly and accurately, which affects
the machining accuracy when the two-axis feed servo system is tracking the nonlinear trajectories. To address the problem,
Steffensen accelerated iteration, a contouring error estimation (CEE) method is proposed. In addition, model-free adaptive
discrete terminal sliding mode control (MFA-DTSMC), a contouring error control (CEC) method is presented. Firstly,
considering the influence of the uncertainty dynamics existing in the system, model-free adaptive control (MFAC), which
does not depend on the accuracy of the system model, is combined with discrete terminal sliding mode control (DTSMC). At
the same time, based on minimization cost function online disturbance estimation algorithm, a new MFA-DTSMC single-
axis controller with disturbance compensation is proposed. Further, to improve the contouring performance of the two-axis
feed servo system, a CEE method based on Steffensen accelerated iteration method is designed. Finally, the experimental
results show that Steffensen accelerated iteration method is able to reduce the computation time and improve the real-time
performance compared with the existing CEE methods. The proposed control method can overcome the influence of system
uncertainty dynamics and track the desired contour curve accurately as well as improve the contouring accuracy.
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Table 1 Performance indices of round profile test
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RMS/um  MAX/um RMS/um  MAX/um
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Table 2 Experimental performance indicators for heart

shape profile
TeAnEK AE
Jii:

RMS/um MAX/pm RMS/um MAX/um
Cl 61.35 116.36 61.59 116.68
Cc2 39.21 79.88 40.24 80.85
C3 29.36 45.64 32.37 49.28
C4 14.96 26.18 15.13 27.05
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