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F 1 Ni-11Co-17W-6A1-8Ta & 4 AL 24 i 43 (Ji & 40 8/ % )

Table 1 Chemical composition of Ni-11Co-17W-6A1-8Ta alloy ( mass fraction/% )
C Co Cr W Mo Al Ti B Zr Nb Ta Ni
0.2 11.0 0.5 17.0 2.0 6.5 2.0 0.03 0.2 2.8 8.0 Bal.
A6 R A S 1 B AE % 0..001 min 'L JF W R
43 WIAE IR BE 650,700,800,900, 1000 F1 1100°C T # pc(91f+ , QI)*.ﬁﬂ iy (2)
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Fig. 1  Effect of temperature on yield

stress and tensile strength
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Table 2 Coefficient of thermal expansion, heat conductivity
and specific heat capacity of Ni-11Co-17W-6A1-8Ta

alloy at various temperatures

Coefficient of

Temperaure/  hemal S ety
C expansion/ o . .,
(10-°/C) (Wem K7) (J-kg” -C7)
100 11.3 7.7 442.8
200 11.5 9.4 424.9
300 11.7 11.1 427.0
400 12.0 12.8 428.6
500 12.3 14.4 431.2
600 12.6 15.9 437.0
700 12.9 17.4 442.9
800 13.2 18.7 450.0
900 13.6 20.0 460.0
1000 14.0 21.1 472.2
1100 14.4 22.0 483.5
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Fig.2 Curves of (a) stress vs. heating time at various heat rates; (b) stress amplitude vs. heating ratio;

(¢) heating time vs. heating ratio.
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Fig.3 Curves of (a) stress vs. heating time under various holding time; (b) minimum stress vs. holding time;

(c) total heating time vs. holding time.
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Fig.5 Stress fields of dies at the initial period, the interim period and the later period ( MPa)
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Analysis of Thermal Load of Dies for P/M Superalloy
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Abstract: The finite element models of dies used for P/M superalloy disk forming were established, and the heating parameters were

optimized based on the thermal-physical property of Ni-11Co-17W-6A1-8Ta alloy. The results show that stress peaks of the dies were

lower when they were heated in heating rate range from 0. 1°C/s to 0. 5°C /s. The effect of holding time on thermal stress decreased

when holding time was larger than 4h. This leaded to that the rate of decreasing stress became lower. According stress amplitude-hold-

ing time curve, the optimal holding time is between 2-4h. Moreover,

at the heating rate of 0. 1°C/s and the holding time of 2h, the

outside surfaces and profile transition zones of dies exhibited stress concentration. The values of stress amplitudes were larger in these

regions. However, the results of fatigue test at the temperatures of 1050°C and 1100°C show that the effect of thermal load on crack

propagation in above-mentioned regions was slight.

Key words: Nickel-base superalloy; isothermal forging die; thermal load; parameter optimization;



