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Table 1 Comparison of synthetic properties of in-situ composite Cu-Cr alloys
with those of worldwide used contact cables
Status
Alloy - __o/MPa &% /% - o Notes
/ Rlesivent Experimental Deformation /(M Pa2e % )
status rate/ %
Pure Cu 0 As casting 0 179 43.7 100 3.2x10° Made by lab
100 0.1%Cr  As casting 0 210 1223 87.1  3.8x10°
110 0. 1% Cr DS 0 296 39.7 100. 3 7.6x% 10°
310 0. 64% Cr DS 0 3173 35.2 952 9.6x10° DSCCLC: e e
340 0. 64% Cr sz‘)tlefrggn 50 461.5 4.3 859 18.3x 105 ¢=3-2mm/min
Pure Cu contact cable 0 Cool drawn ~ 50 342 3.8 100. 5 11.8x 10° GB12971
CTHB- 110 0 Cool drawn ~ 50 391 2.7 91 13.9x 10° Shanghai Cables Co.
TWC-110 0 Cool drawn ~ 50 379 3.2 93 13.4x 10° Shenyang Cables Co.
CN patent O O B Cool drawn  ~ 40 409 9  15.0x10°  No.93117113
C11300 0 Cool drawn 40 380 10.0 100 14. 4 x 10° ASTM B47
Ril00 0 Cool drawn ~ 50 350 3.5 99.5 12.2x 10° DIN17666
C3 0 Cool drawn ~ 50 358 101 12.9x 10° NFC34110
Cu 110 0 Cool drawn ~ 50 348 3.0 97.5 11.8x 10° JISE2102
107-Cu 0 Cool drawn ~ 50 360 3.0 100 13.0x 10° BS21
C16200 1.0% Cd Cool drawn ~ 40 400 12.0 90 14. 4% 10° ASTM B9
Allov80 Cu Cd Cool drawn ~ 40 457 3.25 80 16.7 x 10° ASTM B9
Allov40 Cur Sn Cool drawn ~ 40 485 2.75 40 9.41x 10° ASTM B9
Rik100 1.0% Cd Cool drawn ~ 40 425 3.5 82.6 14.9 x 10° DIN17666
C¥Cd CurCd Cool drawn ~ 40 431 92.8  17.4x10° NFC34 110
107-CuCd Cu Cd Cool drawn ~ 40 430 2.5 86.5 16. 0 x 10° BS23

Note: DS —Directional solidification
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Table 2 Statistic analysis of orthogonal experiments about synthetic properties of

DS Cur 1. 0% Cr hypereutectic alloy( G= 210 C/em, 6= 50%)

Lo(3%) DS speed/ (mmemin~ ')  Heating temp. / C Holding time/ h 02+ 0,/ (MPa®* %)
1 100 1 8.711 662 x 10°
2 3 300 o) 9.466 137x 10°
3 3 500 3 6.632531x 10°
4 6 100 2 9.862 364 x 10°
5 6 300 3 10. 479 690 x 10°
6 6 500 1 8. 807 389 x 10°
7 12 100 3 10. 022 720 x 10°
8 12 300 1 10. 304 181 x 10°
9 12 500 2 9.336280x 10°
I 24.81x 10° 28.59x 10° 27.82x 10°
il 29.15x 10° 30. 25 % 10° 28.67x 10°
] . . S eror= 4. 05% 10"
11 29. 66 x 10° 24,78 x 10 27.13x 10° o=
V= 0. 68 % 10"
S 3.59x 10" 1.38x 10" 1.34x 10"
Fo05(2,6)=5.14
f 2 2 Fo1(2,6)= 3.46
Fo.25(2,6)= 1.76
V= S/f 1.80x 10" 0.69x 10" 0.67x 10"

F. 2.67
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Table 3 Statistic analysis of orthogonal experiments about synthetic properties of

DS Cur 1. 42% Cr hypereutectic alloy( G1.= 210 C/em, &= 50%)

Lo( 3% DS speed/ (mm® min~ D)

Heating temp./ C

Holding time/ h 02+ 0,/ (MPa %)

1 3 100 1 13. 63 x 10°
2 3 300 2 13.51 % 10°
3 3 500 3 13. 03 x 10°
4 6 100 2 11.27 % 10°
5 6 300 3 12.51 % 10°
6 6 500 1 12.37 % 10°
7 12 100 3 10. 85 x 10°
8 12 300 1 10. 79 x 10°
9 12 500 2 9.99x 10°
I 40.17% 10° 35.75x% 10° 36.79 % 10°
il 36.16x 10° 36. 81x 10° 34.78x 10°
: 5 . S o= 7.776 x 10"
il 31. 64 % 10° 35.41x 10 36. 40 % 10° F o= 6
V= 1.30x 10"
S 4.92x 10" 2.59x 10" 2.59x 10"
I’()_()5(2, 6): 5 14
f 2 2 2 Fo 1(2,6)= 3.46
Fo25(2,6)=1.76
V= S/f 2.46% 1015 1.295% 1015 1.295x% 1015
F. 1.90
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Fig. 1 Affect of DS speed on synthetic property

of in~situ composite Cu Cr alloy
(Mean heat-treating temperature 300 C;

mean heat-treating time 2 h)
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Fig. 2 Affect of heat-treating temperature on
synthetic property of in-situ composite

Cu-Cr alloy
(Mean DS speed 7 mm/ min;

mean heat-treating time 2 h)
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Fig.3 Affect of heat-treating time on synthetic

property of irrsitu composite Cu-Cr alloy
(Mean heat-treating temperature 300 C;

mean DS speed 7 mm/ min)
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Fig. 4 Comparison of microstructure of

irr situ composite Cu-Cr alloy with Cu

alloy by common continuous casting
(a) —Cu alloy by common continuous casting;

(b) —In-situ composite Cu- Cr alloy by DSCC
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Fig. 5 SEM of fracture surface of irrsitu

composite Cu-Cr alloy
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Table 4 Affects of heat-treatment modes on

synthetic properties of DS Cur 1. 0% Cr and
Cur 1. 42% Cr alloys ( G= 210 C/em, 6= 50%)

Alloy Heat-treatment o/MPa /% M/(MPa®%)
modes

100 C, 1h 382 59.7 8.7x 10°
Cir 1. 0% Cr

300 C, 2h 368 69.9 9.47x 10°

100 C, 3h 396 69.2 10. 85 x 10°
Cwr1.42%Cr

300 C, 1h 378 75.5 10.78
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Thermal stability of synthetic properties of

imr situ composite Cu Cr alloy

PENG Lirming', MAO Xiemin®, DING Werr jiang'
(1. State Key Laboratory for Metal M atrix Composites, Shanghai Jiaotong University,
Shanghai 200030. China;
(2. School of Materials Science and Engineering, Shanghai University, Shanghai 200072, China)

[ Abstract] The synthetic properties and the thermal stability of imrsitu composite Cur Cr alloy, which is potentially used for trolley

cables, were reported. The results show that in-situ composite Cu Cr alloy has not only high mechanical properties (ultimate tensile

strength 0, and elongation rate ( 8)) and good relative conductivity 0,, i.e., good synthetic property that is scaled by M index ( O

* 0,), under condition of room temperature, but also excellent thermal stability of the synthetic property. At room temperature, the

synthetic property of in-situ composite Cur Cr could be up to 18.3 x 10® MPa** %, which is higher than those of commonly used cop-

per contact cables. Being heated for 3 h at 500 'C, the synthetic property of in-situ composite Cu-Cr alloy only decreased by 3% . And

the relationship between thermal stability and strengthening mechanism of in-situ composite alloy were also analyzed.

[ Key words] in-situ composite; CuCr alloy; thermal stability; M index
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