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Optimization of hot deformation processing parameters of GH738 superalloy
based on response surface methodology
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(1. Gui Zhou Aviation Technology Development Co., Ltd., Guiyang 550081, China; 2. Institute of Metal Research, Chinese
Academy of Sciences, Shenyang 110016, China; 3. Science and Technology on Advanced High Temperature Structural Materials
Laboratory, AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: Based on hot compression tests of GH738 superalloy, encompassing deformation temperatures ranging from 980 °C to
1100 °C and strain rates of 0.001-0.1 s ', deformation activation energy(Q) , temperature-compensated strain factor(InZ) , power
dissipation efficiency(# ) and instability factor( £(¢) ) are calculated. Subsequently, a response surface model is established, utilizing
hot deformation processing parameters as input variables and targeting O, InZ, 5 and £(¢) as output metrics. This model facilitates
the optimization of the superalloy’s heat deformation processing parameters. The results show that the superalloy’s flow stress
exhibits considerable sensitivity to variations in these parameters, which significantly impact O, InZ,  and &(¢). Notably, the
established response surface model demonstrates exceptional prediction accuracy, with average absolute relative errors of 0.494%,
0.564%, 0.919% and 13.484% for Q, InZ, n and &(¢), respectively. Employing multi-objective optimization—aiming for low Q and
InZ coupled with high # and £(¢)—the optimal deformation processing parameters are determined to within the range of 1092-
1100 °C deformation temperatures and 0.001-0.0056 s ' strain rates. Microstructural analysis conducted under these optimized

parameters further validates the accuracy of the multi-objective optimized results.
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Fig. 1 Initial microstructure of GH738 superalloy
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Fig. 2 Flow stress curves of GH738 superalloy (a) flow stress curves at strain rate of 0.001 s ' and different deformation temper-
atures; (b)flow stress curves at deformation temperature of 1010 °C and different strain rates
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1100 0.1 616.5280
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Table 4 15 of GH738 superalloy at different 7 and & with true
strain of 0.92

£5 78 ERASHERENAN 0.92 R THe Fe@E
Table 5 £(¢) of GH738 superalloy at different 7 and & with
true strain of 0.92

1

T/C /s n 7/°C els £(8)

980 0.001 0.2265 980 0.001 0.0289

980 0.01 0.2001 980 0.01 0.0046

980 0.1 0.1594 980 0.1 —0.0055
1010 0.001 0.2755 1010 0.001 0.0440
1010 0.01 0.2710 1010 0.01 0.0403
1010 0.1 0.2651 1010 0.1 0.0381
1040 0.001 0.2656 1040 0.001 0.0407
1040 0.01 0.2859 1040 0.01 0.0633
1040 0.1 0.3163 1040 0.1 0.0758
1070 0.001 0.3798 1070 0.001 0.0891
1070 0.01 0.3465 1070 0.01 0.0485
1070 0.1 0.2959 1070 0.1 0.0251
1100 0.001 0.4074 1100 0.001 0.1042
1100 0.01 0.3577 1100 0.01 0.0410
1100 0.1 0.2806 1100 0.1 0.0052
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Table 6 Design matrix and experimental results

Number T/°C € lgé 0 /(kJ +mol ") InZ n £©)
1 980 0.92 -2 817.7117 73.8799 0.2001 0.0046
2 980 0.61 -1 717.1778 66.5331 0.1927 —0.0046
3 980 0.61 -3 765.1330 66.5308 0.2772 0.0446
4 980 0.30 -2 685.5396 61.1939 0.2614 0.0136
5 1040 0.92 -3 756.7171 62.4044 0.2656 0.0407
6 1040 0.61 -2 608.7107 51.1502 0.3443 0.0856
7 1040 0.61 -2 608.7107 51.1502 0.3443 0.0858
8 1040 0.61 -2 608.7107 51.1502 0.3443 0.0858
9 1040 0.92 -1 650.3985 57.2712 0.3163 0.0758
10 1040 0.61 -2 608.7107 51.1502 0.3443 0.0856
11 1040 0.30 -1 651.2345 57.3478 0.3728 0.0929
12 1040 0.30 -3 664.6547 53.9718 0.3522 0.0753
13 1040 0.61 -2 608.7107 51.1502 0.3443 0.0858
14 1100 0.61 -3 694.5466 53.9300 0.4144 0.1083
15 1100 0.30 -2 671.1061 54.1794 0.4031 0.0631
16 1100 0.92 -2 642.5823 51.6809 0.3577 0.0410
17 1100 0.61 -1 651.0154 54.7221 0.3336 0.0411

#T O WN I 7 22 03 A el R
Table 7 ANOVA results of response surface model for QO

Source Sum of squares Degree of freedom Mean square value F )4

Model 61724.01 10 6172.40 100.65 <0.0001
T 13309.91 1 13309.91 217.04 <0.0001
g 4747.02 1 4747.02 77.41 0.0001
lgé 3584.35 1 3584.35 58.45 0.0003
Te 6455.79 1 6455.79 105.27 <0.0001
Tge 4.89 1 4.89 0.0798 0.7871
elge 2157.53 1 2157.53 35.18 0.0010
T2 15600.97 1 15600.97 254.40 <0.0001
&2 5056.31 1 5056.31 82.45 0.0001
(1g&) 5885.38 1 5885.38 95.97 <0.0001
T?1ge 99.78 1 99.78 1.63 0.2493
Residual 367.95 6 61.33

Cor total 62091.96 16

IR T | e Fl 1ge e i B i 3 SE BB R T 44 4 XoF A X 5 2% (average absolute

Syt — 25 X)) O T AR TR B A T RTA, SR relative error, AARE) #4743, Hat8 A =040 50an
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