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Table 1 Chemical composition of GH4169 alloy (w/%)
C Mn Si P S Cr Ni Al Ti B Mo Nb Fe
0.027 0.04 0.08 0.004 0.002 18.71 52.85 0.46 0.96 0.0092  3.04 5.07 Bal.

1 GH4169 & &8 A1 WA A

Fig.1 Microstructure of as-cast GH4169 alloy

vT=1= &
T T fil \\\\\\\\M\\XY\\‘S
. BRI

Bl 2 GH4169 Frift# L4 ik Ff
Fig.2 Standard thermal compression specimens of GH4169

A Compression

TIK Holding for 3 min |

/

/ 283 K/s

T/K=1193, 1223, 1253, 1283, 1313, 1343, 1373
#5'=0.01, 0.1, 1.0, 10.0
£=50%

wQ

t/s

Bl 3 RIERIEGEE T2

Fig.3 Schematic diagram of single-pass compression experiment
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Fig.4 True stress-true strain curves of as-cast GH4169 alloy at different strain rates: (a) 0.01 s
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Table 2 Parameters for the Johnson-Cook model

A/MPa B/MPa n C m

215 336.713 0.325 0.0626 1.154
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Fig.9 Comparison between predicted and experimental flow stress using Johnson-Cook model at different strain rates: (a) 0.01 s,
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Table3 Absolute error mean value of three kinds of consti-

tutive models under different deformation conditions

T/K & /S>1 Aojc/MPa Aovic/MPa Ao arhenius/ MPa
0.01 54.67 63.22 23.72
1193 0.1 39.49 29.67 32.88
1 30.52 1.83 39.74
10 35.6 27.63 106.4
0.01 58.12 36.79 9.39
0.1 39.94 25.09 23.59
1223 I 28.32 14.05 20.49
10 45.12 29.93 86.95
0.01 89.53 41.94 19.94
1253 0.1 49.03 29.82 25.9
1 39.73 13.92 20.68
10 42.36 20.9 57.29
0.01 108.35 38.06 26.11
0.1 63.12 29.57 20.19
1283 1 34.1 19.98 12.19
10 39.27 10.1 27.37
0.01 103.05 25.23 14.95
1313 0.1 73.49 23.63 12.76
1 43.19 24.15 21.68
10 40.91 29.24 31.03
0.01 100.77 21.32 12.55
1343 0.1 81.96 26.99 12.17
1 51.58 22.1 11.75
10 39.32 34.04 28.59
0.01 94.86 16.74 11.34
0.1 82.17 22.98 9.71
1373 1 42.88 20.87 17.05
10 39.9 42.1 28.73

Note: Aojc-Johnson-Cook  (JC) model, Aonyc-modified

Johnson-Cook (MJC) model, AGarrhenivs- Arrhenius model
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Table 5 Coefficients of the polynomial for a, n, Q and InA4

o n (0] In4
Co=0.00456 Do=22.99418 Eo=1693.53655 Fo=156.60485
Ci=-10.01536 D=-211.27315 Ei=-14114.07798 Fi=-1314.42705
C>=10.07196 D,=1063.39654 E,=64575.79235 F,=15959.07996
C5=-10.13787 Ds=-2727.22833 E;=-141954.8467 F3=-12956.90875
C,=0.11085 D4=3471.59583 E=147904.6222 F4=13322.75417

Cs=-10.02374 Ds=-1727.15 Es=-57027.19813 Fs=-5047.14167
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Hot Deformation Behavior of As-cast GH4169 Alloy and Comparison of
Three Constitutive Models

Zhang Bing'”, Yue Lei'?, Chen Hanfeng?, Zhang Zhijuan'?, Liu Pengru'?, Zhao Fenfen'”
(1. College of Metallurgy Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)
(2. State Key Laboratory of Nickel and Cobalt Resource Integrated Utilization, Jinchuan Group Co. Ltd, Jinchang 737100, China)

(3. National & Local Engineering Researching Center for Functional Materials Processing, Xi’an 710055, China)

Abstract: Thermal compression test of as-cast GH4169 alloy was performed on a Gleeble-1500 thermo-mechanical simulator at
temperature of 1193~1373 K, strain rate of 0.01~10 s™', and deformation of 50%. By analyzing the true stress and true strain curve, the hot
deformation behavior of as-cast GH4169 alloy was studied; the correlation coefficients (R) and average relative errors (AARE) of the three
constitutive models of Johnson-Cook (JC), modified Johnson-Cook (MJC) and strain-compensated Arrhenius model were compared and
analyzed. The results show that the flow stress of as-cast GH4169 alloy decreases with the increase of deformation temperature and the
decrease of strain rate. The correlation coefficients (R) of the JC model, MJC model and strain-compensated Arrhenius constitutive model
are 0.891, 0.956, and 0.961, and AARE are 29.02%, 11.16%, and 9.31%, respectively. Therefore, the strain-compensated Arrhenius model
can describe the thermal deformation behavior of as-cast GH4169 more accurately.

Key words: as-cast GH4169; hot deformation behavior; constitutive model
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