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In high-cleanliness and high-reliability industrial fields such as semiconductors and chemicals, the bearingless motor (BLM), which
enables lubrication-free and contactless operation, has emerged as a promising alternative. The BLM adopts a disk-shaped rotor and a
stator with a bent-teeth structure, offering a compact configuration and passive magnetic stabilization. However, due to the flat rotor
geometry, significant axial and radial end leakage flux occurs at the rotor and stator edges, which strongly affects electromagnetic
analysis. These end leakage flux components cannot be accurately reflected using conventional two-dimensional finite element
analysis (2-D FEA), and thus three-dimensional analysis is generally required. Nevertheless, three-dimensional finite element analysis
(3-D FEA) consumes excessive computational resources and time, making it inefficient for repeated simulations during the early
design stage. This study proposes a 2-D FEA method that incorporates a permeability factor to account for end leakage flux paths
based on the structural characteristics of the BLM. The proposed method achieves accuracy comparable to 3-D FEA while
significantly improving computational efficiency, making it suitable for effective application in the early-stage design optimization and
electromagnetic performance prediction of BLMs.
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Bearlingless Slice Motor
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Top view
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Fig. 1. (Color online) Structure and analysis model of the bearingless
slice motor.
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Fig. 2. (Color online) Magnetic flux density and leakage flux distribution at no-load condition.
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Fig. 3. (Color online) Magnetic flux density and leakage flux distribution at load condition.
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Fig. 4. (Color online) Stator modeling: (a) stator dimensions, (b) main
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Fig. 5. (Color online) Rotor modeling: (a) dimensions of rotor PM and (b) main and leakage flux paths of PM.
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Fig. 6. (Color online) Equivalent 2-D FEA model of the bearingless slice motor and region classification.
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Fig. 8. (Color online) Magnetic field analysis results under load condition (/ = 10Ay): (a) conventional 2-D FEA and (b) proposed 2-D FEA.
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Table 1. Specifications of the bearlingless slice motor.

Parameter Value Parameter Value
so 47.5 mm 2 12 mm
T 27.5 mm 1 20 mm
Ty 20 mm Iy 8 mm
T'mo 24 mm 1l 12 mm
Vi 11 mm air gap 3.5 mm
Ly, t,, t, 12 mm N 8
t 8 mm Ng 3
t, 80 mm n, 6
turns per coil 100 rotor speed 1,000 rpm
rated current 5 Ap max current 10 A
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Table I1. Analysis results of bearingless slice motor.

Parameter 3D Conv. 2D Proposed 2D
Back-EMF value 6.8551 Vi 7.3387 Vi 6.7657 Vi
(max) error - 7.1% 1.3%
Back-EMF value 4.739 Vins 5.1878 Vims 4.8082 Vs
(rms) error - 9.5% 1.5%
Torque value 0.1290 Nm 0.1386 Nm 0.1285 Nm
J (avg) error - 7.44% 0.39%
Torque value 5.81% 8.87% 3.42%
ripple error - .06% 39%
ipple) 3.06% 2.39%
Torque value 0.2543 Nm 0.2771 Nm 0.2536 Nm
I—an (avg) error - 8.97% 0.28%
Torque value 7.51% 4.87% 6.74%
(ripple) error - 2.64% 0.77%
Torque value 0.3154 Nm 0.3462 Nm 0.3140 Nm
1= sa (avg) error - 9.77% 0.44%
Torque value 9.07% 4.19% 8.76%
(ripple) error - 4.88% 0.31%
Torque value 0.3739 Nm 0.415 Nm 0.3727 Nm
- 6A (avg) error - 10.99% 0.32%
Torque value 10.14% 3.73% 10.49%
(ripple) error - 6.40% 0.35%
Torque value 0.4868 Nm 0.5521 Nm 0.4853 Nm
I— A (avg) error - 13.41% 0.31%
Torque value 12.49% 3.64% 13.56%
(ripple) error - 8.85% 1.07%
Torque value 0.5899 Nm 0.6879 Nm 0.5910 Nm
7= 10A (avg) error - 16.61% 0.19%
Torque value 14.09% 4.38% 15.55%
(ripple) error - 9.71% 1.46%
Torque value 0.7848 Nm 1.0207 Nm 0.8108 Nm
- 15A (avg) error - 30.06% 331%
Torque value 14.59% 6.78% 16.02%
(ripple) error - 7.81% 1.43%
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