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Levitation of the Rotor of Bearingless Motor with Rectified Circuit Coil

Kunihiko TACHIBANA™ and Koichi OKA™

“! Kochi University of Technology
Miyanoguchi 185, Tosayamada-cho, Kami, Kochi, 782-8502 Japan

This paper represents a spider coil winding system of contact-less power transfer for transmitting electric power required
for rotor levitation. This proposed system substitutes permanent magnets by rare earth with rotation control. In the previous
studies, the problem encountered with limitations of dimensions while winding a coil around stator or rotor. This proposed
spider coil winding method offers better solution by increasing number of turns 70% greater than that of flat spiral coil when
the diameter of winding material is same. On the other hand, the proposed method with increased number of coil turns helps
to transmit more electric power. In case of spider coil winding system, the rotor levitation force was found 7 times higher than
conventional coil winding system. This new system also helps to stabilize the levitation of rotor by providing required
magnetic force. The validity of this proposed spider coil winding system was confirmed by performing various experiments
and comparing the results with conventional and spiral coil winding system.
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Figure 3  Spider Coil Winding
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Figure 7 Flat Type Bearingless Motor Structure
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Figure 8 Experimental Device
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Figure 9  Experiment Circuit
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Table1 Transmission Efficiency (Constant Gap : 1mm)

Resistance [ 2] 1 2 3 4 5 6 7 8 9 10 20

TX Power[mwW] 1656 1859 | 1935 | 1762 | 1831 | 1907 | 1980 | 1959 | 1957 | 2043 | 2642
RX Power [mW] 102 165 217 267 302 326 346 346 349 360 354
RX Current [mA] 273 251 237 228 220 208 199 196 197 189 135
Efficiency [%] 6.2 8.9 1.2 152 16.5 17.1 175 17.7 17.8 17.6 134

Table 2 Transmission Efficiency (Constant Resistance : 10Q)

Gap [mm] 1 2 3 4 5 6 7 8 9 10

TX Power[mW] | 2043 | 2768 | 2872 | 2989 | 3126 | 3174 | 3312 | 3449 | 3545 | 3610
RX Power [mW] 360 | 342 | 329| 314| 292| 284| 263| 243| 228| 215
RX Current[mA] | 190 | 129 | 128| 125| 120| 119| 115| 110| 107 | 104
Efficiency [%] 176 | 124| 115| 105 9.3 8.9 8.0 7.0 6.4 6.4
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Table 3 Coil type Comparison Table4 Effect of Stack (Constant Gap : 4mm)
Coil Type Spider | Flat Stack 1 2
TX Power[W] 69.16 | 20.14 TX Power[mW] 4146 4600
RX Power [mW] 5116 633 RX Power [mW] 730 724
TX Current [A] 4.0 4.0 RX Current [mA] 440 440
Efficiency [%] 74 3.1 Efficiency [%)] 17.6 15.7
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Table 5 Effect of Resistance (Constant Gap : 4mm)

Resistance [Q] 3 5
TX Power [W] 39.6 40.1
RX Power [W] 293 3.57
RX Current [mA] 890 852
Efficiency [%] 7.4 8.9
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Table 6 Rotor Levitation Force

Case No. 1 2 3 Average
N pole [N] 0.828 | 0.845 | 0.852 0.842
S pole [N] 0.824 | 0.852 | 0.860 0.845
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