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The fourth industrial revolution led to advanced servo systems, enhancing productivity across industries. However, designing
these systems remains challenging due to the performance-stability trade-off. This paper presents a model-based motion
control of a linear motor motion stage in frequency domain. A user-code for the PowerPMAC commercial controller was
developed to excite motion control system so that we could get a frequency response. The theoretical frequency response of
the servo algorithm was compared with the experimental frequency response. Based on this, a tuning graphical user interface
(GUI) was developed to predict performance when the servo loop gain is changed. Especially, to compensate for residual
vibrations caused by high acceleration and deceleration and to improve tracking error, DOB (Disturbance Observer) and ILC
(lterative Learning Control) control techniques were applied in the frequency domain. Through the design of the frequency
domain motion controller, the control performance of the linear motor motion stage could be predicted with over 96% accuracy,
resulting in a 54.32% improvement in tracking error and a 93.56% improvement in settling time, 85.29% in RMS error.
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NOMENCLATURE Kr = Stiffness of Magnet Track
C = Controller K., = Servo Velocity Feedback Gain
C, = Damping of Magnet Track K,z = Servo Velocity Feedforward Gain
d = Disturbance L = Learning Filter
d” = Estimated Disturbance M, = Mass of Mover
e = Position Error N = Filter Order of DOB
gs = Cutoff Frequency of DOB © = QFilter
J, = Nominal Inertia R = Reference Input
K; = Servo Integral Gain ts = Time Delay
K, = Spring Coefficient u, = Control Effort
K, = torque Coefficient u; = Servo Out
K, = Servo Proportional Gain Y = Actual Position
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Fig. 3 Iterative learning control schematic
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Fig. 5 Frequency response based tuning GUI

Table I PMAC servo tuning

Variable  Before After Variable  Before After
K, 15 27 Ky 300 500
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Fig. 6 FRF of PMAC servo algorithm with DOB
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Fig. 8 Open-Loop FRF of the tuned controller

Table 2 Accuracy of the tuning GUI

Performance Prediction Real Accuracy
Bandwidth 52.8 Hz 53 Hz 99.62%

Phase margin 29.1° 29.3° 99.32%
Gain margin 9.54 dB 9.93 dB 96.07%

Table 3 ILC design parameter

Linear motor plant (P)

Variable Value Transfer function
M, [kg] 6
C,[Ns/m] 2 1

K, [N/m] 3,000 0.00553 +6.02s2+4.7 + 3000
ty [S] 1.1

ILC filter design (Q*P)

Variable Value Transfer function
t[s] 0.001  0753+797.152+632.85 +8.2 x 108
N 2 s34+ 188552+ 1.2x 1065 +2.4 x 108
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Fig. 9 Bode diagram of the ILC filter
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