JFE £¢# No. 36
(20154 8 H) p.24-31

JFE RF— )LD E— 2 FFIE MLl

Evaluation and Analysis Method of Motor Characteristics in JFE Steel
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Abstract:

The influence of material hardness and thickness of non-oriented electrical steel sheets on iron loss deterioration
due to punching and shearing process was investigated. The ratio of iron loss deterioration shows a strong correlation
with hardness and thickness of the material, and the deterioration ratio is smaller as the increase of material hardness
and the decrease of material thickness. The harder and thinner material has a shorter droop height in the sheared
edge, and the ratio of iron loss deterioration has a good correlation with the droop height in the sheared edge. The
measured iron loss of a model interior permanent magnet synchronous motor (IPMSM) agreed well with the
calculated motor iron loss by considering the deterioration of magnetic properties due to punching process. The
magnetic properties of non-oriented electrical steel sheets under compressive stress were also investigated. The
deterioration ratio of iron loss under compressive stress decreases with the decrease of material magnetostriction,
and 6.5% Si steel sheet of nearly zero magnetostriction showed an extremely low deterioration of iron loss. In the
tested IPMSM using 6.5% Si steel, the motor iron loss showed a little change after the heat shrinking.
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Fig.1 Influence of material hardness on iron loss deterioration
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Fig. 2 Influence of material thickness on iron loss deterioration
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Fig.3 Influence of material hardness on distribution of
hardness increase near sheared edge of 0.35 mm
thickness material
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(a) Optical microscope image of cross section of sheared edge
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(b) Schematic view of cross section of sheared edge
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Fig.5 Optical image and schematic view of sheared edge
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Fig. 6 Influence of material hardness on droop height
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Fig. 7 Influence of material thickness on droop height
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Fig. 8 Influence of droop height on iron loss deterioration
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Table 1 Specifications of tested model interior permanent
magnet synchronous motor (IPMSM)

Item Specification
Stator outer diameter 156 mm
Stator iner diameter 105.2 mm

Stator teeth width 10 mm

Stator yoke width 5.4 mm
Rotor outer diameter 104.6 mm
Rotor inner diameter 40 mm

Air gap 0.3 mm
Stack length 25 mm
Winding 3¢Star-Connection

&2 HEMHOBSEE
Table 2 Magnetic properties of tested samples

. Iron loss, Iron loss, Magnetic Grain
Thickness .. Hardness, .

Symbol (mm) Wisso Wioo  flux density, Hvos | SiZe
(Wkg) (Whg) B (D7 (um)

A 0.20 1.97 11.3 1.69 195 86

B 0.25 1.87 12.7 1.70 194 95

C 0.30 2.06 15.0 1.70 191 88

D 0.35 2.14 17.0 1.71 193 92

E 0.50 2.57 25.3 1.72 193 85

(Tests were conducted by using 30 mm width Epstein samples
(L + C) as sheared.)

Steel sheet: C direction
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Fig. 9 Schematic structure of segmented stator core
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Table 3 Material data applied in iron loss calculation

Condition |Data of Magnetization curve ~ Data of loss constants

X 30 mm Width sample 30 mm Width sample
Y 30 mm Width sample 5 and 10 mm Width samples
Z 5 and 10 mm Width samples 5 and 10 mm Width samples
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Fig. 11 Influence of sheared width on magnetization curve of
material C (L + C)
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Fig. 12 Comparison of calculated and measured motor iron loss
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Fig. 13  Effect of compressive stress on iron loss
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Fig. 14 Effect of Si content on deterioration ratio of iron loss
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Fig. 15 Effect of magnetostriction on deterioration ratio of iron
loss
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Fig. 16 Schematic diagram of tested interior permanent
magnet synchronous motor (IPMSM)
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Table 4 Comparison of motor iron loss of tested materials

Material | Thickness (mm) Heat-shrinking Motor iron loss (W)
. Before 21.78
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9
6:5% Si 01 After 10.53
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