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Abstract 

This paper investigates the magnetic saturation problem of self-sensing electromagnetic levitation system and presents 

a novel self-sensing scheme. The proposed approach employs a demodulation technique. By superimposing a high frequency 

voltage, the resulting electromagnet coil currents have ripples that can be used for gap sensing. This paper shows the effect 

of magnetic saturation on the gap sensing and the gap length is not uniquely determined when using the relation between the 

ripple, control current and the gap in simulations. The results imply that the constraint conditions are to be determined to 

solve the problem. The proposed approach utilizes the dynamical motion model of the electromagnetic levitation system to 

uniquely identify the gap. By using the system behavior information, the gap can be uniquely estimated. To incorporate the 

dynamical model with the gap sensing algorithm, the unscented Kalman filter is employed. The proposed estimator is 

demonstrated in simulations. The results show that it is possible to deal with magnetic saturation by using the proposed gap 

sensing scheme. The estimator has a good accuracy in wide gap range compared to the conventional method. 
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I. Introduction 

Magnetic levitation technology provides a fiictionless feature. This 

system is employed for some applications such as magnetic bearings, 

turbo machines, and magnetically levitated vehicles. The electromagnetic 

suspension system is inherently unstable and needs to be controlled. In 

most of cases, tl1e stabilization is achieved witl1 a displacement sensor that 

detects the position of the suspended object. The electromagnetic levitation 

which eliminates the position sensors and estimates the potion from the 

currents in the electromagnet is called the self-sensing electromagnetic 

levitation. 1l1e self-sensing teclmique is preferable in terms of the cost and 

reliability of the system. Additionally sin1plification of the mechanism and 

sensor/actuator collocation are achievable. 

The self-sensing approaches are to design an algorithm that transduces 

the voltage and current into the position signal. There are some approaches. 

One of the method is the state estimation approach and was first proposed 

by Visher'l. A one-degree of freedom electromagnetic levitation system 

can be modeled by a single-input single-output linear tin1e invariant model. 

The model is controllable and observable. A linear state observer can be 

used for tl1e estimation of the gap from the voltage and current. By using 

the estimated gap, the object can be suspended. However tl1e model has a 

non-minimum phase zero and an unstable pole. This characteristic 

represents a poor robustness of tl1e self-sensing electromagnetic levitation 
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system. Some researchers investigated the limitation of the robustness2l 3l 

4l. One oftl1e alternative methods are the amplitude modulation approach. 

Many researchers have studied self-sensing techniques uisng this 

approach;l 6l 7> 8>. The approach is based on measuring the inductance, 

which utilizes a high frequency voltage input to prevent mutual 

interference with the control voltage. 1l1e sum of the high frequency 

voltage and the control voltage is applied to the coil. 1l1en the excited coil 

current has ripple components from which the gap length can be calculated. 

1l1e robustness of this self-sensing system is analyzed by the linear 

periodic system framework 9> w>. The papers9l 10> showed that the 

robustness of the system improves by injecting high frequency voltage to 

the coil. Altl10ugh the modulation approach is not a new idea, it still 

remains a teclmical challenge. 

One of the major problems associated with tl1e self-sensing technique 

to be addressed is the magnetic saturation. Since the nonlinear 

phenomenon of magnetic materials influences the self-inductance of the 

coil, the accuracy of the gap estimation is deteriorated. For this magnetic 

saturation problem, some researchers presented the compensation 

methods 11 > 12> 13> 14>. However, these methods are only valid for applications 

such as magnetic bearing. It is not clear that the validation of these self­

sensing schemes can be ensured in the wide air gap range. 

In this paper, we investigate the magnetic saturation problem of self­

sensing electromagnetic levitation and present a new self-sensing scheme. 

The proposed scheme employs an amplitude demodulation technique. In 

the section 3, we show static self-sensing characteristics to confinn the 

influence by magnetic saturation. And we shows that tl1e gap is not 

uniquely detem1ined by using the relation among the ripple, control current 

and the gap. To uniquely identify the air gap length, the proposed scheme 
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