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Abstract:

JFE Steel established a technique to accurately measure motor characteristics under a wide range of motor drive
conditions. Effect of core lamination and assembly methods on motor efficiency was experimentally evaluated by the
technique. In 20JNEH1500, which is 3% Si steel with a sheet thickness of 0.2 mm, iron loss increased due to punching
and shrink fitting, resulting in a significant decrease in efficiency in the low torque range. On the other hand, Si
gradient steel 10JNHF600, which has Si distribution in the thickness direction, showed a smaller increase in iron loss
than 20JNEH1500. From the above results, the application of Si gradient steel is suitable for shrink fitted motors and

high efficiency small motors such as those used in drones.
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Fig.1 Example of motor efficiency map evaluation
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Fig. 2 Schematic diagram of iron loss increase factor
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Table 1 Magnetic properties of Si gradient steel and conventional electrical steel

. Thickness Magnetic flux density at Iron loss (W/kg)
Material
(mm) 5000 A/m, Bs, (T) Wio/a00 W00 Wios000
Si gradient steel
10JNHF600 0.10 mm 1.53 10.1 30.0 100
3%Si steel
20JNEH1500 0.20 mm 1.66 12,5 473 231
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Table 2 Specification of test IPM motor

Ttems Specification
Rated power output 3 kW
Input voltage 220 V.
Current limit 20.0 Arms
Current phase angle 0.0—20.0 deg
Number of poles/slots 12/18
Outer diameter of stator 156.0 mm
Stacking length 25.0 mm

Winding connection Three phase star connection,

concentrated
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Fig. 5 Effect of compressive stress on iron loss
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Fig. 6 Results of motor efficiency map evaluation
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Fig. 7 Comparison of motor efficiency maps
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Table 3 Specifications of test SPM motor
Items Specification
Rated power output 300 W
Input voltage 30 Vg
Current limit 20.0 Arms
Current phase angle 0.0 deg
Number of poles/slots 14/12
Outer diameter of stator 35.0 mm
Stacking length 10.2 mm
Winding connection Three phase star connection,
concentrated
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