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The non-contact permanent magnet gear has advantages of high efficiency and improved reliability. It has other advantages of no
mechanical friction loss, very little noise and vibration, and no need for lubricant. With these advantages, the non-contact permanent
magnet gear that solves the physical contact problem of the mechanical gear has drawn attention. Due to this unique non-contact
characteristic, the non-contact permanent magnet gear which is capable of non-contact torque transmission has replaced mechanical
gear. The mechanical gears which is in many fields of the modern industry, is used mostly for power transmitting mechanical devices.
However, it also has the problem of a low torque density, which requires improvement. In this paper, a novel pole piece shape is
proposed in order to improve the problem of low torque density of the non-contact permanent magnet gear. The experiment data
required for predicting the relationships among them are obtained using finiteelement Operating method based on two-dimensional
(2-D) numerical analysis. Therefore, this paper derived an optimal model for thenon-contact permanent magnet gear with the novel
pole piece using the Box-Behnken design, and the validity of the optimal design of the proposed pole piece shape through variance
analysis and regression analysis demonstrated. In this paper, we performed the thransfer torque analysis in order to improve the torque
density and power density, we have performed on optimal design of proposed pole piece shape using box-behnken.

Keywords : Non-contact magnet gear, transfer torque, gear ratio, response surface operating methodology, box-behnken design,
torque density
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Table 1.  Specification of basic model W5 AR, E39 2~ A AR B IAHAFE
Number of pole pairs on inner rotor 2 Eluit).
Number of pole pairs on outer rotor 20
Number of pole pieces 22
Outer rotor yoke [mm] 4
Outer rotor PMs [mm] 3 030 5
Radial Air gap [mm] 0.5 oo
thickness Pole piece [mm] 3 - R
E E
Inner rotor yoke [mm] 6 g ox /_\ . 2
Inner rotor PMs [mm] 5 Fonl e F
Total diameter [mm] 70 N e -
Shaft diameter [mm] 26 E 0w - H
Axial length [mm] 20 . E
£ o0s U S
- Ouler rotor torque

Operating Operating ! 2 34 s 6 7 8 9 10
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Table 2. Range of parameters for proposed pole piece
Design variable
Level
A [mm] B [mm] C [mm]
Low -1 1 1 0.5
Central 0 3 3 1
High +1 5 5 15
Table 3. Box-behnken design
Coded factor Uncoded factor
Standard

Order A B c A B c
[x1] [X2] [x3] [mm] [mm] [mm]

1 -1 0 1 1 1

2 +1 -1 0 5 1 1

3 -1 +1 0 1 5 1

4 +1 +1 0 5 5 1

5 -1 0 -1 1 3 05

6 +1 0 -1 5 3 05

7 -1 0 +1 1 3 15

8 +1 0 +1 5 3 15

9 0 -1 -1 3 1 05
10 0 +1 -1 3 5 05
11 0 -1 +1 3 1 15
12 0 +1 +1 3 5 15

13 0 0 0 3 3 1
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Table 4. Torque improvement rate according to operating

method
Operating method |
Inner rotor torque Outer rotor torque
Conventional Proposed Conventional Proposed model
model model model
16.8 [Nm] 17.2 [Nm] 173.2 [Nm] 180.5 [Nm]
2.4% increase 4.2% increase
Operating method I1
Inner rotor torque Pole piece torque
Conventional Proposed Conventional Proposed model
model model model
16.5 [Nm] 17.2 [Nm] 191.3 [Nm] 198.5 [Nm]
4.2% increase 3.8% increase
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