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The Effects of Thermo-mechanical Treatment on the Thixoforming
Process of Cu-Ca Alloys for High Efficiency Electrical Motors
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Abstract The effect of the thermo-mechanical treatment on the microstructural development and the electric
conductivity of Cu-Ca alloys are studied for the thixoforming processed rotor of the induction motor. The Cu-Ca
alloys containing Ca less than 1.0wt% show the electrical conductivity higher than 80% IACS. They also show
broad melting range over 150°C, which is desirable for the thixoforming process. The semi-solid microstructure of
cast alloy changes from the dendrite structure to globular structure by prior deformation before reheating. The
details of microstructural changes by the thermo-mechanical treatment are discussed.
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Table 1. Electrical conductivity of Cu-Ca alloys with the
charge of Ca contents

Ca |nominal| 0.1 | 0.3 | 0.5 | 0.7 | 1.0 | 15
[wt%]| real [0.087|0.28 | 0.44 | 0.61 | 0.91 | 1.38

%o
IACS

Ha | 98.0 | 98.3 | 94.6 | 91.6 | 85.4 | 78.3

i SRR
Fig. 1. Optical microstructures of various as-cast Cu-Ca
alloys: a) 0.1%Ca, b) 0.3%Ca, c) 0.45%Ca, d) 0.6%Ca, €)
0.9%Ca, f) 1.4%Ca.
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Fig. 2. SEM image of as-cast Cu-1.4%Ca alloy.
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Fig. 3. Grain size and eutectic fraction of various as-
cast Cu-Ca alloys.
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Fig. 4. DSC curves of Cu-Ca alloys.
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Fig. 5. Variation of electrical conductivity of copper on
the concentration of calcium at various cooling
conditions.
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Fig. 6. Optical Microstructures with various cooling conditions (1050°C/0 min, 0.9%Ca).

(b) water quenching

Fig. 7. Optical Microstructures with different cooling
conditions (reheating conditions: 1050°C/0 min, 0.9%Ca).
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specimens compressed to various deformation levels at
room temperature followed by heat treatment at 1050°C
for 4 minutes: a) 0%, b) 5%, ¢) 10%, d) 20%, e) 30%, 1)
40%.
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Fig. 9. Optical microstructures of Cu-Ca alloy speci-
mens compressed to 15% deformation at room tem-
perature followed by heat treatment at 1050°C for 4
minutes: a) 0.3%Ca, b) 0.6%Ca, c) 0.9%Ca, d) 1.4%Ca.
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Fig. 12. Optical microstructures of Cu-0.9%Ca alloy
specimens with different reheating temperatures (heat-
ing time : 4 min, 15% compressed): a) 900°C, b) 917°C,
) 950°C, d) 1000°C, e) 1030°C, f) 1050°C.
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Fig. 13. Optical microstructures of Cu-0.9%Ca alloy
specimens with different heating times (heating temp.:
1050°C, 0% compressed): a) 0 min, b) 2 min, ¢) 4 min, d)
6 min 0% compressed.

S

1.0%Ca g 1050°CollA] 0~6%714] 71EA 7S
WHEAHE mo] vjHz2e] ¥alE vehia glot.
7SS FoJslA] & Fig. 138 214 2e] 1
HE ol e, izle] 7= A3 sl
o} 71gAIRe] HolASE FRdEE0] wajEo]
T A Jelgen, o] gjg A
B vk 18y 7REARle] #SaE AR
o] = o] vkl ¥ HglelA| Yo
ERIF = Q%) 12 Fig. 149 32o] 15%¢)

A SRRSE S v
G - Ao g 2 ) 4274 \J .

3-’ At

- = 5 g _'mw e
Fig. 14. Optical microstructures of Cu-0.9%Ca alloy
specimens with different heating times (heating temp.:
1050°C, 15% compressed): 2) 0 min, b) 2 min, c) 4 min,
d) 6 min.
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