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|. Abstract IV. Comparison of FE Analysis and Experimental
This paper compares the characteristics of a double-sided small-scale permanent magnet linear synchronous genera-tor (PMLSG) using three
different magnetization arrays. Though PMLSGs generally prefer a vertical array, we propose the Halbach array and a horizontal array, which are 065 —— 2D FE Analysis @ PM mover core speed 1m's | Induced voltage
widely used In permanent magnet devices. For an accurate comparison, the output power, mechanical air-gap thickness, and overall size are all equal. LN Velocity = Im/s 10 | 7O Phase A—O— Phase B—0= Phase C X Experiment | / "
On the basis of analytical two-dimensional field solutions, this study predicts magnetic fields, losses, masses, and output powers of the three arrays. 5 . Eip:ﬁﬁ:; s > v / \\ |
The experimental results are validated extensively by comparing them with finite element analysis results. This result shows the best arrangement of a o ‘ §0 \/ \/ /
double-sided small scale PMLSG compared to the experimental results. Z =
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FIG. 1. Structure of a double-sided permanent magnet FIG. 2. Typical movers with three types of core losses are predicted by the difference between when AV A {\[/\ AV T AV AT AN AL AT AT
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_ horizontal. o o Vertical Halbach Horizontal results are almost the same in spite of some errors. Phase A : 1.31 [Arms] Phase A : 1.27 [Arms]
v' The PMLSG uses the commonly-used vertical array, the Halbach array, which maximizes efficiency, and a )
horizontal array that is easy to fabricate. C1G 3 FEA results of the three t (c) (d)
v A previous study highlights the excellence of Halbach arrays by using exclusively these arrays in the desig. gt rest st_o ; ° LTEe 1ypes TABLE |. Parameters of the Manufactured Prototype duced vol 4 oh _ | _ .
v However, in this paper, we propose an excellent array in a linear generator by comparing the efficiency and according to magnetization array: . (a) PMLSGs FIG. _8- In ucea vo tage an ~phase current experiment resu ts_(a) com-parison o
mass of three arravs flux density and flux line, (b) eddy — : : experiments with FEA, (b) vertical array, (c) Halbach array, (d) horizontal array.
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Ill. Characteristic Analysis and Experimental Comparison According to Magnetization Arrays Stack length 20 mm “ 7\ array. All of the FEA and experimental
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’ ’ | ” B Specd T Rated output power 30W | criteria for an accurate comparison of the
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FIG. 4. Analysis results according to magnetization arrays:  FIG. 5. PMLSG setup for experimental T'g- 5 are generated by the slider : ( )
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(a) loss and efficiency, (b) mover mass. verification. - follows.
v The eddy current is much lower for the horizontal array because of the reduction of magnetic air gaps and size of the Disp. — _ECOS N V. Conclusion
model. | _ o 2 v"In this paper, we discussed and compared the characteris-tics of a double-sided PMLSG according to different magneti-zation arrays using FEA.
v Therefore, the horizontal array has about 3% higher efficien-cy than the Halbach array. o | V., = 7 fDsin(2xz ft)[m/ s] @ v' We compared the efficiency and mass while considering the manufacturing process and in-stallation environment.
v* Owing to the amount of horizontal array material used at the rated output of 30 W, the PM mass is high but is > Here D and f are the diameter of h v Generally, the Halbach array is regarded to be superior to other magnetization array. However, as observed from the comparison results of the three arrays in
compensated by the large differ-ence in the mover core mass, which is 60% smaller than the masses of the vertical Crg:ﬁ; an?j” thea:c)eeg c;?r?r?eerd?iving this paper, the horizontal array is superior.
. and Halbach arrays. _ i motor, respectively. v' This is because of the least effect on its efficiency of the eddy current loss and mass of the mover.
As a result, the horizontal array mass Is about 26% lower than that of the Halbach array. v' All results show the superiority of the horizontal array of PMLSG and it will be useful in the design of a linear generator.
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