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     Fig. 2. Magnetic field intensity on magnet.
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   Fig. 3. Designed magnetic property of magnet.

Fig. 1. Propulsion system and load test system is EMS.

Fig. 2. Thrust force(Fx), normal force(Fy) and efficiency of LIM.

Fig. 1. A single-phase WPM.
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The written-pole motor (WPM) is a very unique 
motor which has a self-magnetizing apparatus [1]. Fig. 
1 shows the structure and circuit of WPM. As shown in 
Fig. 1, a WPM has magnet and cage conductors in a 
rotor, therefore it has self-starting ability like the 
line-start permanent magnet motor. The difference 
between both motors is that magnet of WPM is 
demagnetized in start-up by stator’s field and 
re-magnetized by the magnetizing apparatus called an 
exciter pole in Fig. 1. In this study, a 0.2hp single-phase 
WPM for home appliance is dealt with. Especially this 
paper aims to determine magnet property, which is 
crucial in WPM design. A bonded-type magnet is 
considered for the magnet layer. In WPM, the magnet 
should be demagnetized in start-up and not be 
demagnetized in synchronous operation. Therefore, 
using the constraints, the coercive force and the knee 
point can be determined for a given magnet 
with a residual induction. In other words, the 
magnetic field impressed on the magnet is 
calculated for the maximum load condition in 
synchronous mode and then the magnetic field 
is during start-up condition. For both 
conditions, the fields in the magnet calculated 
by FEA are shown in Fig 2. The J-H 
characteristics determined by the proposed 
procedure are shown in Fig. 3.
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This paper proposes the method in order to reduce the levitation force using the normal force of linear induction motor in 
the magnetic levitation propulsion system. Generally, LIM generates the normal force to the direction of increasing the 
levitation load [1, 2]. As the structure of EMS in this paper is hanging type as shown in Fig. 1(a) and 1(b), the normal force of 
LIM has a role of reducing the levitation force. However, it operates as the disturbance to the levitation system because of 
fluctuation according to slip and synchronous frequency. Therefore, this paper deals with the method to keep the normal force 
as available max value considering magnetic characteristics such as thrust force, normal force and efficiency of LIM. Fig. 2 
shows the analysis data of LIM using finite element method. In this simulation, line voltage is 100[V] at 40[Hz]. Fig. 3 shows 
the control block for slip control of LIM. The Normal force and efficiency is controlled by slip frequency and d-axis current.

(b) LIM (c) Load test system (a) EMS 
         

 

Fig. 3. Control Block diagram.
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