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Evaluations of Swaging Process
for Rotor Core of Induction Motors I
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Abstract This study evaluated the displacements of a Cu bar in the Y-direction and the relationship between swaging
pressures and total contact forces to increase the productivity of the rotor core swaging process. Elastic-plastic
numerical analyses of four different Cu bar shapes were performed with a constant swaging pressure to evaluate the
displacements of the Cu bar in the Y-direction and the contact force distributions at the contact surfaces during the
swaging process. Based on the numerical analysis results, the following conclusions were obtained. First, a simplified
2-dimensional cyclic symmetric analysis model was developed for the numerical analysis of the rotor core swaging
process. Second, the final displacements of the Cu bar in the Y-direction were nearly the same as the change of the
Cu bar size at a constant swaging pressure. Third, a linear relationship between the swaging pressures and the total
contact forces, the so called resistance forces, was suggested.
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Fig. 2. Schematic of Cu bar swaging equipment

Table 1. Chemical compositions & mechanical properties of rotor core (weight %, kg/mmz)

Materials C Si Mn P s Ni Cr Cu Y.S T.S EL.(%)
55400 0.02 L13 0.4 0025 | 0008 | 0.02 0.03 0.01 24 47 37.1
Cu . 100 26 40 39.5
bar
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Fig. 3. Sample 2D & 3D Cu bar block model
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Fig. 4. Sample Cu bar block analysis model (a) 2D
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Fig. 5. Sample Cu bar block deformed shape (a) 2D model
(b) 3D model

Table 2. Max. displacements in Y-direction (unit: mm)

Item Experiment Numerical Deviation
P Analysis %)
2D model -0.96 -1.15 19.7%
3D model -0.30 -0.40 33.3%
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Fig. 6. Sample Cu bar block analysis results
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Table 3. Rotor core slot and Cu bar size (unit: mm)

Item Case-A Case-B Case-C Case-D
e 11.25° 9° 9° 9°
a 16.2 12.1 13.7 8.1
b 19.2 20.2 27.7 36.1
c 5.0 32 5.8 5.6
d 6.5 4.0 5 4.0
— T

(a)
Fig. 8. Rotor core swaging analysis model (a) Case-A (b)
Case-B (c¢) Case-C (d) Case-D

(b) © (d)
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Fig. 10. Displacement change during swaging process
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Table 4. Final displacements in Y-direction (unit: mm)

Item Case-A Case-B Case-C Case-D
Displacements in | -, 5 475 455 432
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Total contact force (Fx, kg, P=40,000kPa)
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Fig. 11. Total contact force calculation (unit: kg)

Total contact force Fx, kg (P=10,000~40,000kPa)
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Fig. 12. Total contact force calculation (unit: kg)
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Fig. 13. Total contact force calculation (unit: kg)
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