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Effect of Punching Condition on Cut Surface and Magnetic Properties
of Fe-Co Alloy
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Synopsis

Fe-18Co alloys have a higher saturation magnetic flux density than electrical steel sheets typically used as motor core
materials, making them a promising material for high-power-density motors. Press punching is commonly used to form motor
cores, but it induces plastic strain around the cut edges, resulting in increased iron loss. While many studies on the deterioration
of iron loss after punching have focused on electrical steel sheets, none have focused on Fe-Co alloys. In this study, we measured
the cut edges and magnetic properties (hysteresis loss) of Fe-18Co alloys after punching to investigate the effects of grain size
and punching conditions on post-punching properties. Results showed that smaller grain sizes and larger clearances resulted in
greater increases in hysteresis loss. FEM analysis revealed that larger clearances resulted in increased rollover height and larger
areas of plastic strain. EBSD analysis of the cut edges confirmed a tendency for smaller grain sizes to increase the average KAM
around the cut edges. The increase in hysteresis loss was found to correlate with the area of the cross-section of the measurement
ring where the KAM value exceeded 0.5 °.
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Fig. 1. Initial microstructure.

Table 1. Punching conditions

A"?rage Clearance Strokes
No. grain size CL (%t) per m|_nHte

D (um) V (min™)

1 11 5 300

2 11 10 300

3 27 5 30

4 27 5 100

5 27 5 300

6 27 10 30

7 27 10 100

8 27 10 300

1
Upper plate i Holder
Outer Inner '
punch| = |punch
Workpiece
Die 10 mm

Fig. 2. Die set diagram and punched ring sample.

RD(Rolling direction)
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Fig. 3. Observation Point.
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Fig. 4. Details of iron loss.
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Fig. 5. Analysis model and conditions.
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Fig. 6. Predicted flow stress by swift hardening low.
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Fig. 8. Rollover height of punching samples.
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Fig. 7. Cut surface of punching sample.
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Fig. 9. Normalized increase of hysteresis loss.
(B=1.0 T, =400 Hz).
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Fig. 10. Cut surface analyzed by FEM.
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Fig. 11. Equivalent plastic strain analyzed by FEM.
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Fig. 13. Distribution of KAM average value
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Fig. 12. Results of EBSD.
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Fig. 14. Image of relationship between
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Fig. 15. Normalized increase of hysteresis loss by
area ratio of plastic deformation.
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