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Air-Gap Control Using Optimal PID Controller for SIL-Based Near-Field
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Abstract

In SIL-based NFR servo systems, the residual error and the overshoot that are occurred in the process of the mode-

switching servo which consists of approach, gap-control modes, and safety mode are reduced by using PID controller.

However, the design method of conventional PID controller is not sufficient for the stable air gap control system.

Therefore, the optimal PID controller using LQR manner is more useful to find the designed parameters of PID

controller. In this paper, we show that the performance of the optimal PID controller is better than that of the lead-lag

controller.
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Fig.1. Overview of the experimental setup for NFR
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Fig.3. Frequency response and linear transfer functions
of the measured plant

Table 1 Dynamic characteristic of the designed plant

Bode Diagram
Gm=8.8dB (at 1.43e+004 Hz) , Pm=32.4 deg (at 7.47e+003 Hz)
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Fig.4. Open loop transfer function of the air gap
controller using lead-lag type

Table 2 Dynamic characteristic of the open loop transfer

Parameter Value function using lead-lag controller
First resonance frequency (Hz) 50.05 Parameter Value
Second resonance frequency(Hz) 20.94 Cut-off frequency 7.62 kHz
5Hz sensitivity (pm/V) 306.74 Open-loop gain Over 95 dB [5Hz]
Gain of current amplify (A/V) 0.08 Gain margin 8.8 dB
Phase margin 32.4 deg
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Fig.5. Open loop transfer function of the air gap
controller using PID type

Table 3 Dynamic characteristic of the open loop transfer
function using PID controller

Parameter Value
Cut-off frequency 9.94 kHz
Open-loop gain Over 95 dB [5Hz]
Gain margin 159 dB
Phase margin 61.6 deg
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Fig.6. Proposed NFR servo system using optimal PID
controller
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Table 4 Overall Experimental results of air gap control
using lead-lag controller for SIL based NFR system

Rotation rpm (rpm) 300 600

Residual error(nm) 3.39 7.15

Minimum Gap(nm) 36.06 17.74
Overshoot (%) 39.90 70.43

Table 5 Overall Experimental results of air gap control
using PID controller for SIL based NFR system

Rotation rpm (rpm) 300 600
Residual error(nm) 2.83 4.42
Minimum Gap(nm) 45.13 35.68
Overshoot (%) 24.78 40.78
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