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Machining accuracy analysis of machine tool based on state space model
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(1. School of Mechanical & Electrical Engineering, Lanzhou University of Technology, Lanzhou 730000, China; 2. State Key
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Abstract: The machining accuracy of the CNC (computer numerical control) machine tool is directly
affected by the electromechanical coupling characteristics of the servo feed system, which means a
model established for servo system or mechanical system alone is not sufficient to study the influence of
system parameters on the machining accuracy exactly. Therefore, it is important to synthetically
consider the coupling relationship between servo system and mechanical structure of machine tool and
establish the electromechanical coupling dynamics model of the servo system. Firstly, in order to ensure
the accuracy of servo feed system modeling, the mechanical and electromechanical coupling state space
equations of machine tools were established by the state space method. Secondly, the electromechanical
coupling Simulink model of servo feed system was established, and on this basis, the composite control
was adopted to improve the responding speed and tracking accuracy of the system further. Subsequently,
the rigid-flexible coupling dynamics model of machine tool feed system was established by using multi-
body dynamics software, and the dynamics model was imported into Simulink and coupled with the
servo control system after added the nonlinear factors such as friction and damping. Finally, the rigid-
flex and electromechanical coupling simulation platform of the horizontal machining center servo feed

system was established and the reliability of the state space model was verified by simulating the
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machining path on the platform. The results showed that the coupling relationship between the internal

parameters and the input and output parameters of the system was described more accurately by the state

space model, and the performance of the system was improved greatly by the compound control

structure. The research results can provide theoretical basis for theoretical modeling and improvement of

machining accuracy of CNC machine tools, and provide effective guidance for the electromechanical

system design of CNC machine tools.

Key words: electromechanical coupling; state space model; compound control; servo feed system;

rigid-flexible coupling
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Fig. 2 Structure diagram of uniaxial servo feed system in horizontal machining center
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Fig. 3 Working principle of servo feed system in horizontal machining center
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Fig. 5 Dynamic structure diagram of servo feed system
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Fig. 9 Comparison of simulation processing trajectory and theoretical contour trajectory of planar cam
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