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A magnetic levitation system (MLS) controls the position of a steel ball with the magnetic force of the electromagnetic
actuator. A disturbance observer (DOB) could improve the disturbance rejection and command tracking performance of the
voltage-controlled MLS. This paper studied control boost of MLS using current and position DOB. The current-controlled
MLS had a higher control performance than the voltage-controlled MLS. The combination of PID position and Pl current
controls provided stable levitation and a wide operation range of MLS. When DOB was applied to Pl current control, it
could compensate for inductance change according to the position of the steel ball. In addition, when another DOB was
introduced to the PID position control, it improved the disturbance removal performance. Finally, we discussed the
effectiveness and limitations of the DOB-based current and position control by measuring closed-loop frequency responses.
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NOMENCLATURE ki = Voltage-current Static Gain
kk = Voltage-force Gain of the Electromagnet
A = State Matrix (= mxa, ;xk;)
) i
a1, a3, az3 = The Element of Matrix A m = Mass of the Steel Ball
B = Input Matrix MLS = Magnetic Levitation System
b; = The Element of Matrix B ’ = Reference Command
C = Output Matrix s = Laplace Complex Variable
ci = Leakage Current of the Electromagnet - = Time Constant of Q Filter
d = Disturbance u = Control Effort (Voltage)
Fop = Electromagnetic Force X1, X3, x3 = State (The Position of the Iron Ball, Velocity
Fo p1 = Coil Inductance of the Iron Ball, Current)
Fom p2 = Coefficients of Electromagnetic Force X10, X20, X30 = Equilibrium State (The Position of the Iron Ball,
Ji = Time Constant of the Electromagnet Velocity of the Iron Ball, and Current)
g = QGravity Acceleration y = Output
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Fig. 1 MLS
Table 1 Parameters of MLS
Symbol Description Value
¢ Leakage current 0.0243 [A]
fi Time constant of coil 0.0321 [s]
F,. pi Coil inductance 1.7521-102[H]
F,, p» Coefficients of electromagnetic force ~ 5.8231-107 [m]
k; Voltage-current static gain 2.6903 [A/V]
m Nominal mass of the steel ball 0.032 [kg]
X10 Equilibrium position of the steel ball 0.01 [m]
X30 Equilibrium current 0.6322 [A]
ZF Pl X
Fop = Xy Pl exp( 1) @
3Fem P2 Fem P2
9 AL FFH0 = 001 el gk} AejF7 wy
2 G0l Uebich 4, B, C AR, 93, 29 Wdoltt
MLS gtefu| €= Table 1o Lrefw{c).
X =Ax+Bu,y=Cx 5)
o 1 0 0
Here, 4 =|a,; 0 a5 |, B=]0 |, C=[1 0 0]
0 0 ay; by
2 *10 *10
_ X30F em p1 TF _ 2x30F o p1 F,
T —— ¢ » dy 3 = —— e >
m Fem P2 m Fem P2
ass = ', and by = kf"!
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Fig. 3 Root locus of voltage and current control MLS with PD
position control
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Fig. 6 Structure of the PID controller and position DOB
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