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Abstract

This paper proposes a semi 3D analysis method, analyzes a permanent magnet linear device with radially laminated structure. After the magnetic flux density was calculated using 2-D FEM analysis, the magnetic flux density in the iron core was estimated by considering the volume
of the divided core. Finally, the core loss analysis of the laminated core was performed using the modified Steinmetz equation and then compared with the FEM analysis results. Additionally based on the predicted magnetic flux density, electromagnetic characteristics were compared
through the experiment.

Structure of Linear Oscillating Actuator (LOA) Structure of Linear

Outer
TABLE | REQUIRED DESIGN PARAMETER OF LOG FOR FPSE | Zy 2D : On load condition _ _
' ' ~ On no-load condition _ 1 10t LOTHIHON % Fig 2 shows the 2D analysis
R0 R ANSPSah I e ARRRRN VARN A ' model for semi 3d analysis.
Stroke + 11 [mm] PM weight 1 [kq] - S ;ﬂ}r — |8 == o
. L e e i .. % 44 segmental analyzes were
Frequency 30 [Hz] Maximum speed 3.46 [m/s] : goers” | 2 L=
Radial Compon ::(T} Rut-lni':] an;opunezf[nl " e o performed to analyze the
Total piston weight 2.5 [kg] Output Power 1500 [W] ] . ;’ - “ e T magnetic flux flowing at
< In this model. Lamination of the radial direction perpendicular to the , et Ene /0 B o7 each point.
i i . i r = < S AT S =100 LR O ‘“"g:jz:?’?” ' ]
. current flow direction of the coil Is applied. | e b e = e i em % FIg 3 shows the analysis of
- : : . o 2 JRERRRE: = b RNSEN== IR SSSEEREES T | D ERERRNNES | - - -
“’”\ ¢ Radially laminated cores consist of 12 lamination blocks be-cause of @) B o i o oo o oo magne’Flc field behaw_or
manufacturing limitations for the stator of this model. | | | | | | | according to odd harmonics
FIG. 2. (a) Analysis model for behavior and harmonics FIG. 3. 1st and 3rd harmonics magnetic behavior according to t h point
. .. . . . at each point.
| i Pumvover | % 3D FEM analysis is essential for a more accurate analysis of radially stacked analysis of magnetic field and (b) Flux vector of LOA region : (a)-(b) Outer core regions, (c)-(d) Inner core regions
FIG. 1. Construction of LOA with radially lamination. LOAS.
Corrected Stacking Factor Core Loss Analysis
= —_ < 2-D cylindrical coordinate system
Wiz i does not take into account the 3 — = e 30 Mt Al —=— 2D FE method «» On the load resistance 40 Q,
- - Z : 3D FEM i 'E method -
, - radially laminated core 7, . _ o Semi 3D mtod results by the semi 3D
2 - S \ 3D FEM = sl
< Based on Fig. 5 , the corrected : method, 2D FE method and
- - - - ] 3
. stacking factor of equation is derived. : | 3D FE method for the core
4 . . . c loss have a result of 23.3W,
T “* The calculated stacking factor Is 3 ol g
>3 —/ . . . . 16.3W, ana 19.4W
 density flux density applied to derive the final magnetic S N R N B . Thic difs f
HRADALIOn ~with lamination - - - ~ S T30 40 50 60 70 80 *%* T |S | erence arISES rom
(a) (b) flux- denSIty ConSIderlng the Part 1 Part 2 Part 3 Part 4 Part 5 Load resistance [ohm]| * h .d - f
laminated core volume. the  consideration 0
S 4 M £t deni . 4 condit _ o , FIG. 6. Core Loss Analysis results in ~ FIG. 7. Core loss results of the 3D FEM or the  FIG. 8. Analysis results according magnetic field behavior.
) th ?ginet!c tl_Jx enél’?l;)at ’_[the Irate_ ctqn Ition FtIGk5 Afnalty5|s model for finding of the corrected 7T(Rk+1 _ Rk ) o © «B each region oroposed Semi 3D analysis to load resistance variation
a) without lamination an with lamination. stacking factor a, = 3q — A 2d . _ _ _ _ . o e e
nl (R, —R) * The predicted 3D magnetic flux density (B_3d) and applied to the modified Pore semiza = 2 O (kh, fiByy™ +ky ,°Byy” + K, "By )
Steinmetz equation to obtain the core loss I=1,0dd

Experimental Result and Discussion
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