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Design and application of hardware-in-the-loop simulation (HILS) for design of CNC-controlled
machine tool feed drives is discussed. The CNC machine tool is a complex mechatronics system
where the complexity results from the software-based controller composed of a variety of
functionalities and advanced control algorithms. Therefore, using a real CNC controller in the
control simulation has merits considering the efforts and accuracy of the simulation modeling. In
this paper challenges in HILS for a CNC controlled feed drive, such as minimization of time delay
and transmission error that are caused by discretization of the feed drive model, is elaborated.
Using an experimental HILS setup of a machine tool feed drive applications in controller gain

selection and CNC diagnostics are presented.
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Table 1 Identified feed drive model parameters

. Values
Symbols (units) Positive dir. | Negative dir.
M, (kg) 100
B,, (N s/m) 380 260
F.(N) 66 67.5
F,(N) 96 90.48
v, (m/s) 0.0010 0.0014
1, (N s/m) 1826.5 1673.5
ap (N/m) 3.35x 107
o1 (N s/m) 4.54 x 10°
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Table 2 Comparison of the tracking errors

Testbed HILS
Peak RMS Peak RMS
P gain=1000
I gain=1280 284 um | 93 um | 284 um | 9.0 um
P gain=5000
I gain=2000 62um | 1.7um | 6.0 ym | 1.6 um
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