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Characteristic Analysis of Permanent Magnet Linear
Generator by using Space Harmonic Method

Seong-Won Seo', Jang-Young Choi', II-Jung Kim”
]Dept. of Electrical Eng., Chungnam National University

“Division of Mechanical Eng., Hoseo University

2 o ¥R 9 olux £ AAo) AST & Qi IFAN A EIAe] 54 el Ba Aolth
oA faAsg 2 V)T FE dojAlth, GTAME ol &3 A8 WAVl AP AL e Hwe] 49
20 9lu 4 A7 AR D itk £ B oluA WES 2 ERY AgoE 7]

5] =
= 2yt ¥ AFgEt rbeet B 2 oluA] B g 85 A
244 3 A3 2 A7) e Tl 2Asle] dFAN} 17
) SEQEol ofa) sl 4717102 =

e

syl
Hlagte] 2 dxsks AL Flaitt o] Aie 9
171¢] &7 2o 7]ojg 4= Qirh

4
it
X
B
2
&
|
Au)
k1
N

Abstract This paper deals with characteristics analysis of a permanent magnet (PM) linear generator using analytical
methods for wave energy harvesting. The wave energy is carried out from the movement of a yo-yo system. A linear
generator using permanent magnets to generate a magnetic force itself does not require a separate power supply and
has the advantage of simple maintenance. In addition to the use of a rare earth, a permanent magnet having a
high-energy density can be miniaturized and lightweight, and can obtain high energy-conversion efficiency. We
derived magnetic field solutions produced by the permanent magnet and armature reaction based on 2D polar
coordinates and magnetic vector potential. Induced voltage is obtained via arbitrary sinusoidal input. In addition,
electrical parameters are obtained, such as back-EMF constant, resistance, and self- and mutual-winding inductances.
The space harmonic method used in this paper is confirmed by comparing it with finite element method (FEM)
results. These facilitate the characterization of the PM-type linear generator and provide a basis for comparative
studies, design optimization, and machine dynamic modeling.
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Fig. 3. Analytical model for armature reaction field
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Fig. 8. 2D Finite elements analysis model

Table 1. Circuit parameters

p:;:::;s Analytical FEM
E.s 491 [Vrms] 4.97 [Vrms]
Ly 0.98 [mH] 0.95 [mH]
Rpase 0.78 [ohm] 0.8 [ohm]

Table 2. Spec. of double-sided PM linear generator

layer length 324 [mm] lai‘:;;fd 50 [mm]

PM thickness 3 [mm] pole pitch 18 [mm]

air-gap 3 [mm] coil pitch 3 [mm]

turns 20 slot length 4 [mm]

stator length 180 [mm] total height 72 [mm]
3.2 E
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