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Shape Optimization of PMLSM Stator for Reduce Thrust Ripple
Components Using DOE

Jun Hwan Kwon', Jae Kyung Kim™" and Euy Sik Jeon "t

*Graduate School of Future Convergence Engineering, Kongju National University,
“Tndustrial Technology Research Institute, Kongju National University

ABSTRACT

Permanent magnet linear synchronous motor (PMLSM) is suitable for use in cleanroom environments and have
advantages such as high speed, high thrust, and high precision. If the stators are arranged in the entire moving path of
the mover, there is a problem in that the installation cost increases. To solve this problem, discontinuous armature
arrangement PMLSM has been proposed. In this case, the mover receives a greater detent force in the section where
the stator is not arranged. When a large detent force occurs, it appears as a ripple component of the thrust during
PMLSM operation. If the shape of the stator is changed to reduce the detent force, the characteristics of the back
EMF are changed. Therefore, in this paper, the detent force and the harmonic components of back EMF were reduced
through multi-purpose shape optimization. To this end, the FEA model was constructed and main effect analysis was
performed on the major shape variables affecting each objective function. Then, the optimal shape that minimizes the
objective function was derived through the response surface analysis method.
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Fig. 1. Schematic diagram of discontinuous armafure arrangement
PMLSM.

Table 1. PMLSM specifications

Item Unit Value
Number of poles - 4
Height of magnet mm 3
Length of magnet mm 25

Pole pitch mm 30
Number of slots mm 18
Slot pitch mm 10
Height of teeth mm 235
Width of teeth mm 5
Turn per phase - 100
Armature interval mm 50
PM grade - N45
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Table 2. Design variable constraints

Constraint
Factors Unit
Min Max
Tooth at the end Te mm 23 35
Tooth tip height T, | mm 0.5 2
Slot opening So mm 1 4
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Table 3. FEA conditions and results for each process

Run. | Tooth at | Tooth tip| Slot Detent |BackEMF
Order| theend | height | opening (Force[N]| THD[%]
1 29 1.25 25 7.47 6.56
2 29 1.25 2.5 747 6.56
3 35 0.50 2.5 9.33 7.96
12 23 2.00 2.5 9.36 6.47
13 35 1.25 1 10.44 7.74
14 29 2.00 8.51 7.34
15 23 0.50 2.5 9.38 6.24
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Table 4. Detent force ANOVA

Source DF(Adj SS|Adj MS|F-Value | P-Value
Model 3| 8901 | 2.967 |2846.15| 0.000
Linear 2| 1.891 | 0.946 | 907.09 | 0.000
Tooth at the end| 1 | 1.807 | 1.807 |1733.46| 0.000
Slot opening | 1 | 0.084 | 0.084 | 80.71 | 0.000
Square 1(7.010]| 7.010 |6724.27| 0.000
Tooth at the end?| 1 | 7.010 | 7.010 |6724.27| 0.000
Error 11| 0.011 | 0.001
Lack-of-Fit 9 10.011 | 0.001 * *
Pure Error 0.000 | 0.000
Total 14| 8913
Model summary
S R? R? (adj) R? (pred)
0.0322874 93.83% 89.27% 82.61%

Table 5. Back EMF THD ANOVA

Source DF|Adj SS Adj MS |F-Value| P-Value
Model 4 195.229| 23.807 | 74.57 | 0.000
Linear 2 151.807| 25.903 | 81.13 | 0.000
Tooth tip
. 112703 | 2.703 8.47 0.016
height
Slot opening | 1 |49.104| 49.104 | 153.80 | 0.000
Square 1139.096| 39.096 | 122.45| 0.000
Tooth at the end?| 1 {39.096| 39.096 | 122.45| 0.000
2 Way interaction| 1 | 4.326 | 4.326 | 13.55 | 0.004
Tocs’igtﬁe}zf;t* 14326 | 4326 | 13.55 | 0.004
Error 10] 3.193 | 0319
Lack-of-Fit 8 13.189 | 0399 |186.83| 0.005
Pure Error 0.004 | 0.002
Total 14198.422
Model summary
S R? R? (adj) | R2 (pred)
0.565046 96.76% 95.45% 90.30%
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Fig. 5. Response surface plot of objective function.
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Table 6. Comparison of estimated values and FEA results

Estimated | FEA
Response Level
Result Result
Detent Force(N) Min 6.41 6.97
Back EMF THD(%) Min 6.24 6.45
Tooth at the end Te 23-35 28 28
Tooth tip height Tt 0.5-2 2 2
Slot opening So 1-4 2.6 2.6
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