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Influence of the Iron Powder Properties

on the Hysteresis Loss of the Iron Powder Core
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Abstract:

The crystal grain size in an iron powder core, made form an insulation coated iron powder through a compaction
process, decreases recrystallization during stress relief annealing after the compaction. In this study, the method to
suppress the recrystallization is investigated to reduce the hysteresis loss of the iron powder core. The iron powder
properties have an influence on the recrystallization behavior: an iron powder core with coarser crystal grain size is
obtained by a decrease in the compaction strain acting as the recrystalline nucleus due to an increase in apparent
density, average particle diameter, and crystal grain size of the iron powder. In addition, recrystallized grain growth is

accelerated by reduction of impurity in the iron powder. The iron loss of the iron powder core with crystal grain size

of 37 um shows an iron loss lower than that of a typical electrical steel core with a thickness of 0.35 mm.
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Photo 1 Optical micrograph of iron powders (Nital etching)
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Table 1 Powder properties of iron powders

Apparent Particle size distribution (mass%) Amount of Average
Based . . . . . Crystal
iron Re-annealing | density, impurity particle cain size
o dep | forpowder | AD 250~ 180~ 150- 106~ 1 45 yum | (Si,Mn, AL Cr) | size, Dso § (e
p (Mg/m3) 180 um 150 yum | 106 um 45 um (mass%) (um) H
A X 4.07 0.0 0.6 25.0 59.0 154 0.071 82.2 39.7
B X 3.57 0.0 0.1 23.5 58.4 18.0 0.065 81.0 40.5
C X 3.19 0.0 1.2 29.3 54.3 152 0.078 82.4 40.7
D1 X 3.72 0.0 0.0 0.0 0.0 100.0 0.088 22.5 18.9
D2 X 3.83 0.0 0.0 0.0 100.0 0.0 0.076 75.5 343
D3 X 3.93 0.0 0.0 100.0 0.0 0.0 0.076 128.0 50.5
D4 X 3.96 0.0 100.0 0.0 0.0 0.0 0.076 165.0 48.1
D3’ @) 3.93 0.0 0.0 100.0 0.0 0.0 0.069 128.0 66.7
E @) 4.14 17.4 11.6 20.5 50.6 0.0 0.005 114.0 66.5

X: Not be carried out O: Be carried out
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Table 2 Density and hysteresis loss of iron powders cores

powder | Used | Density | TGS | e D
core powder (Mg/m”) (W/ke) (tim)
1 A 7.40 70.7 20.8
2 B 7.38 81.5 17.1
3 C 7.44 87.0 14.1
4 D1 7.46 94.0 13.0
5 D2 7.45 72.8 18.1
6 D3 7.40 65.4 214
7 D4 7.49 53.4 21.1
8 D3’ 7.39 66.9 277
9 E 7.55 41.6 36.7
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Photo 2  Optical micrographs of iron powder cores 1, 2, and 3
(Nital etching)
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Fig.1 Relationships between apparent density of iron powders

and crystal grain size of iron powders and iron powder
cores
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Fig. 2 Relationship between apparent density of iron powders
and AHv (Difference between iron powder and iron
powder core as compacted)
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Photo 3  Optical micrographs of iron powder cores 4~9
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Fig. 6 Relationship between crystal grain size in iron powders
and crystal grain size in iron powder cores
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Fig. 8 Iron loss of the iron powder core 9 and electrical steel
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