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In this study, the effect of particle size mixing ratio on the magnetic properties of soft magnetic powder cores (SMPCs) was
investigated. Toroidal SMPCs were fabricated by mixing iron powders with particle sizes below 150 pm and relatively fine iron
powders with particle sizes below 74 pum at various mixing ratios. The magnetic properties were evaluated using B-H curve
measurements, including residual flux density (B,), coercivity (H.), effective permeability (1), and hysteresis loop area. The density
and packing ratio of each specimen were evaluated, showing ranges of 6.34~6.72 g/cm® and 90.31~95.73%, respectively. In addition,
the residual flux density and maximum effective permeability ranged from 0.21 to 0.52 T and from 220 to 334. In particular, both
residual flux density and effective permeability increased with increasing fine-particle content. These findings indicate that particle size
mixing ratio is a key factor influencing the magnetic performance of SMPCs and provide fundamental experimental data for
controlling their magnetization characteristics.
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Table 1. Mixing ratio of materials.
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Fig. 1. (Color online) Fabricated SMPCs for magnetic properties
measurement with different particle size mixing ratios (a) SMPC-1,
(b) SMPC-2, (c) SMPC-3, and (d) SMPC-4.
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Specimens

Iron powder (w.t%)

Epoxy + Hardner (w.t%)

10:0 core (SMPC-1) 98

88.2 (100 mesh), 9.8 (200 mesh)
78.4 (100 mesh), 19.6 (200 mesh)
68.6 (100 mesh), 29.4 (200 mesh)

9:1 core (SMPC-2)
8:2 core (SMPC-3)
7:3 core (SMPC-4)

Table II. Dimensions of toroid cores.

Specimens Outer diameter (mm) Inner diameter (mm) Height (mm) Effective length (mm) Effective area (mm?)
SMPC-1 20.39 12.84 6.68 52.198 25.217
SMPC-2 20.33 12.87 6.61 52.15 24.65
SMPC-3 20.37 12.53 6.72 51.679 26.342
SMPC-4 20.36 12.76 6.82 52.025 25916
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Fig. 2. (Color online) Circuit diagram of B-H Curve measurement system.
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Fig. 3. (Color online) Schematic diagram of B-H Curve measurement
system.
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Fig. 4. (Color online) Experimental setup for the B-H curve
measurement system.
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Table II1. Density and compacted packing ratio of SMPC specimens.

Specimens DensiEy Theoretical Compacted packing
(g/em®)  density (g/cm®) ratio (%)
SMPC-1 6.36 90.6
SMPC-2 6.43 700 91.6
SMPC-3 6.34 ) 90.31
SMPC-4 6.72 95.73

Fig. 5. Cross-sectional SEM images of SMPC, (a) SMPC-1, (b)
SMPC-4.

Table IV. Magnetic properties of iron powder cores with different
particle size ratios.

Specimens B, (T) H, (A/m)  u,  Loop area (J/m’)
SMPC-1 0.21 877 220 3,693
SMPC-2 0.35 1,046 245 6,303
SMPC-3 042 1,498 220 8,253
SMPC-4 0.52 1,218 334 7,138

B-H Curve of 9:1 Iron Core
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Fig. 6. B-H curves of iron powder cores with different particle size mixing ratios measured by using the proposed system (a) SMPC-1, (b) SMPC-

2, (¢) SMPC-3, and (d) SMPC-4.
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