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Effect of rolling parameters on soft-magnetic properties
during hot rolling of Fe-based soft magnetic alloy powders

H.J. Kim, J. H. Lee, S. H. Lee, E. S. Park, M. Y. Huh, J. C. Bae

Abstract

Iron-based soft magnetic materials are widely used as cores, such as transformer transformers, motors, and generators.
Reducing losses generated from soft magnetic materials of these applications results in improving energy conversion
efficiency. Recently, the new P/M soft magnetic material realized an energy loss of 68 W/kg with a drive magnetic flux of
1 T, at a frequency of 1 kHz, rivaling general-purpose electromagnetic steel sheet in the low frequency range of 200 Hz to
1 kHz.

In this research, the effect of rolling parameters on soft magnetic properties of Fe-based powder cores was investigated.
The Fe-based soft magnetic plates were produced by the hot powder rolling process after both pure Fe and Fe-4%Si
powders were canned, evacuated, and sealed in Cu can. The soft magnetic properties such as energy loss and coercive
power were measured by B-H curve analyzer. The soft magnetic properties of rolled sheets were measured under
conditions of a magnetic flux density of 1 T at a frequency of 200 kHz. It was found that rolling reduction ratio is the most
effective parameter on reducing both energy loss and coercivity because of increasing aspect ratio with reduction ratio. By
increasing aspect ratio from 1 to 9 through hot rolling of pure Fe powder, a significant loss reduction of one-third that of
SPS sample was achieved.
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Table 1. Experimental conditions for hot rolling of Fe-based powders
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Fig. 1. Variation of (a) iron loss and (b) coercive force in Fe-based specimens consolidated by hot rolling or
spark plasma sintering with consolidation parameters.
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Fig. 2. Variation of microstructure of Fe-based plates consolidated by hot rolling or SPS at 800°C: (a) 50% rolled
pure Fe sheet, (b) 75% rolled pure Fe sheet, (¢) spark plasma sintered pure Fe specimen, (d) 50% rolled
Fe-4%8i sheet, (¢) 75% rolled Fe-4%Si sheet, and (f) spark plasma sintered Fe-4%8Si specimen.
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Fig. 3. The variation of aspect ratio in Fe-based specimens consolidated by hot rolling or spark plasma sintering

with consolidation conditions.
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