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Transverse flux circumferential induction method
as a driving principle of the contact-free revolving stage

Kwang Suk Jung” and Hyo Jun Kim*

ABSTRACT

Compared with linear induction principle, the transverse flux circumferential induction principle is suggested as a
driving mechanism of the revolving stage, which can rotate contactlessly without any supporting structure. The stage
realizes the integrated motion of levitation, rotation, and planar perturbation, using the two-axis forces, normally
directed force of the air-gap and tangential force, of the induction drivers mounted on the stator uniformly. In this paper,
the force generating mechanism of the stage is described in detail. First, the various core shapes generating the
transverse flux are analyzed to guarantee the proper thrust force. And the vector force intensity of the circumferential
induction driver constituting the stage is compared with that of the linear induction driver. Especially it is shown that the
magnetic force of the suggested system can be modeled with the linear equivalent model, including the test verification.
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Fig. 1 Focused issues of the existing contact-free planar
stages
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2. Force Characteristics of Transverse Flux
Induction Driver
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2.1 Layout of TFLIM and TFCIM
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(a) TFLIM
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Fig. 2 Force diagram of TFLIM and TFCIM
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(a) Interlinked magnetic core

(b) Omni-directional core

Fig. 3 Various core shapes of TFLIM
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Fig. 4 Force variation for three types of core shapes

(c) Case I

Fig. 5 Visualized closed-magnetic path for applied
current of three phase, two pole
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3. TFCIM as a principle of the revolving stage
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3.1 Arrangement of TFCIM
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Fig. 6 Arrangements of basic force elements for the
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Fig. 7 Resulting force diagram of Type ‘C’ arrangement
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Fig. 8 Resulting six d.o.f force characteristics for three
types of arrangements
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(a) Force dlagram of TFCIM
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(b) Linear equivalent model of TFCIM

Fig. 9 Thrust force diagram of TFCIM consisting of
cores with the omni-directional magnetic flux
and its linear equivalent model

3.2 Linear equivalent modeling of TFCIM
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Fig. 10 Magnetic intensity due to eddy currents induced
in the conductor (a) TFCIM (b) TFLIM
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Table | Primary values of the constructed revolving stage

Parameter Specification

Core size(outerxinner dia.xheight) [ 30x21x23.5mm
Core numbers 18EA
Phase & Poles 3 phase, 6 pole
Coil turns number 700
Coil diameter 0.35mm
Secondary diameter 250mm
Conductor height Imm
Back yoke height 2mm
Nominal gap length 2mm
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Fig. 11 Qualitative comparison between the derived
equations and test results
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Fig. 12 Photograph of the constructed revolving stage
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4. Indirect measurement of rotating angle
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Fig. 13 Measuring principle of rotating angle using the
inclined surface
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