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Simulation and Control performance evaluation of Ultra-Precision Single Plane X-Y Stage

Ki-Hyung Park’, Jea-Yoel Kim*, Lee-Ku Kwac"

{ Abstract j[—

In this study, actuator, sensor, guide, power transmission element and control method are considered for ultra-precision
positioning apparatus. Through previous process, single plane X-Y stage with ultra-precision positioning is manufactured.
Global stage for the purpose of materialization with robust system, is combined by using AC servo motor and ball screw
and rolting guide. And ultra-precision positioning system is developed by micro stage with elastic hinge type and piezo
element. global servo and micro servo for the purpose of materialization positioning accuracy with nm(nanometer) are controlled
simultaneously by using incremental encoder and laser interferometer as displacement measurement sensor. Through previous
process, ultra-precision positioning system(100mm stroke and = 10nm positioning accuracy) with single plane X-Y stage

are materialized.
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Fig. 1 Modelling of Ultra-precision single plane X-Y stage
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Table 1 Control parameters of PID controller in global Table 2 Step response of global and micro servo for
and Micro servo for simulation simulation
Definition Symbol | global micro Definition global micro
Proportional gain B 97500 0.01 Steady-state error 0 0
Integral gain 4 405" 800 Maximum overshot[%] 0.1(10%) 0.1(10%)
Differential gain a 2000 | 5%107 Rise Time[s] 0.047 0.005
Sampling time T 0.0002s | 0.0002 s Setting Time[s) 0.062 0.0075
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Gm = 96.589 dB (at 231.57 rad/sec), Pm = Inf Gm = 15.314 dB (at 1793.5 rad/sec), Pm = 54.704 deg (at 395.9 rad/sec)
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Fig. 5 Bode diagrams of global servo by open loop for Fig. 6 Bode diagrams of global servo by closed loop for
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Fig. 9 Step response of micro servo for simulation
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Table 3 Control parameters of PID controller in dual servo
for experiment

Definition Symbol | global micro
Proportional gain B 97410 0.0123
Integral gain 4 40s" 785
Differential gain a 2120 | 52x107
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Fig. 10 Step response of dual servo to perform simulation
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