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Contour Error Analysis and Feed Controller Optimization for Machining Center

Sung Hyun Kim*, Kang Sup Yoon®, Man Hyung Lee™

r Abstract Jl

One of the most important performance criteria related to the gain tuning of controller for CNC machining center is
the contour error, This study analyzed circular error by the axis-matched and mismatched cases. To reduce ellipse and
radius error, it is necessary to set the gain for each axis to be same bandwidth and high response. Based on the analysis
in the frequency domain, we simulate feed system by mathematical model and then predict bandwidth of each axis. For
analysis of structure vibration while the each axis is moving, we try the various of measuring method and position loop
is improved by jerk limit.
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Table 1 Specification of prototype machine’s feed system

Description Unit X axis Y axis
Table Inertia Kg-m' | 493x10° | 595x10°
Encoder Inertia | Kg-m® | 2.5x10° 2.5x10°
Motor Inertia | Kg-m® | 271x10° | 2.71x10°
Coupling Inertia | Kg-m’ | 4.0x10* 4.0x10*
BallScrew Inertia | Kg-m’ | 1.562x10° | 1.96x10°
Table Stiffness | Nm/rad | 232x10% | 2.33x10”
Encoder Stiffness | Nm/rad | 2.80x10® | 2.80x10”
Motor Stiffniess | Nm/rad 8.0x10” | 8.0x10"
Coupling Stiffness| Nm/rad 50x10° | 5.0x10°
Ballscrew Stiffness| Nm/rad | 1.123x10* | 8.95x10”
Table Damp % 05 0.6
Encoder Damp % 0.02 0.02
Motor Damp % 0.05 0.05
Coupling Damp % 0.03 0.03
Ballscrew Damp | - % 0.06 0.05
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Fig. 6 Frequency response of speed loop for feed system
[open loop] [simulation] (upper : X axis, below :
Y axis)
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Fig. 7 Frequency response of speed loop for feed system
[close loop] [experiment] (upper : X axis, below :
Y axis)
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