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Table 1 Chemical composition of GH4738 bar (wt.%)

H 1027°Cy y'AH 78 4 [ i il FE 1)
#F 2 GH4738 B4R ET R A
Table 2 Microstructure evolution model of GH4738

Evolution Model parameters

Element C Cr Co Mo Al Ti Fe Ni

Content  0.047 1941 1325 424 154 3.01 1.06 Bal
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Fig.1 Microstructures of GH864 alloy under heat treatment condition

(a) center; (b) 1/2R; (c) edge
22 HBUERIMSH
¢1500mm 2% GH4738 & 4&xim e St R F B 15 vt

2V 59 S R 2 AR B T e A VAN U B S SN Y
RPN ¢1500%259mm, HEEY 3t, B REL
1.78m?, A ARWIE 2 fros.

Kl 2 GH4738 & it Bt AR

Fig 2 Configuration of turbine disc forging GH4738 alloy
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Fig 3 Load distribution at different friction coefficient and forging temperatures
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Fig.4 The distribution of grain size at different initial forging
temperatures under forging speed is 10— 1mm/s, friction coefficient is
0.3 and air cooling(a) 1040°C; (b) 1070°C; (c) 1100°C
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Fig.5 The distribution of grain size at different cooling methods under
forging temperature is 1070°C, forging speed is 10— 1mm/s and

friction coefficient is 0.3(a) slow cooling; (b) air cooling
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Fig.6 The temperature field distribution of the scaled-down compon-
ent of the GH4738 alloy turbine disk after forging
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Fig.7 The strain field distribution of the scaled-down component of
the GH4738 alloy turbine disk after forging
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Fig.8 Simulation of grain size of the GH4738 alloy turbine disk shrinkage part forging and air cooling and comparison with actual values
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Fig.9 The temperature field distribution of the GH4738 alloy turbine
disk after forging
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Fig.10 The strain field distribution of the GH4738 alloy turbine disk

after forging
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Fig.11 Grain size distribution of the GH4738 alloy turbine disk after
forging and air cooling
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Fig.12 The microstructure of the GH4738 alloy turbine disk
after heat treatment
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Table 3 Tensile properties and hardness at different positions
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Table 4 The stress rupture of the forging test ring

Temperature/°C Stress/MPa t/h 3s/%
732 550 34 38.5
732 550 353 41.5

of the forging
Room temperature tensile High-temperature tensile
. properties properties
Properties
P Ob 602 s b d Gb 602 s 7

/MPa  /MPa /% /% /MPa /MPa /% /%

1303 882 27 32 1174 796 245 27

Center
1295 885 26 27 1186 802 235 25

Ring 1339 938 25 30 1250 845 205 20

specimen 344 943 245 28 1260 845 26 225
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Figure 13 TEM images of the center region of the forging(a)

Dark-field image; (b) Primary y' pixel map; (c) Magnified dark-field
image; (d) Secondary y' pixel map

< B

Kl 14 BefF A B TEM B
()37 B (b)— Ik Y'B R B (o) WE UK B (d) Ik y'R R K
Figure 14 TEM images of the test ring of the forging(a) Dark-field
image; (b) Primary y' pixel map; (c) Magnified dark-field image; (d)

Secondary y' pixel map
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Research on Hot Working Process of ¢1500mm Class
GH4738 Alloy Turbine Disk Forged Parts

Wang Zhaohui'?, Zhang Shaohui?, Sun Panhe', Yao Kaijun1'?, Deng Hao?, Xiang Biao?,
Xie Jing?, Xu Wenli?, Jiang He', Dong Jianxin'

(1 School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China)
(2 CHINA NATIONAL ERZHONG GROUP DEYANG WANHANG DIE FORGING CO, Deyang 100863, China)

Abstract: The ultra-large-scale GH4738 superalloy turbine disk forging for power equipment, with a diameter exceeding ¢1500 mm, represents
the largest GH4738 alloy forging domestically. Using the Simufact numerical simulation software, the effects of process parameters such as
friction coefficient, pressing speed, and initial forging temperature on the forming load and microstructure distribution of the forging were
analyzed, and the optimal forging process parameters for the ¢1500 mm-scale GH4738 alloy turbine disk were determined. Subsequently,
numerical simulation and trial production of a scaled-down component were conducted using the same process parameters, and the actual
microstructure distribution was found to be consistent with the simulation results. Based on the validated results, die forging of the ¢1500
mm-scale GH4738 alloy turbine disk was successfully carried out on an 80,000-ton die forging press. After heat treatment, the microstructure and
mechanical properties of the forging met the service requirements, achieving the engineering fabrication of the ¢1500 mm-scale GH4738 alloy
turbine disk forging. Furthermore, the precipitate phase content at different positions of the forging was quantitatively characterized using TEM. It
was revealed that during the quenching process of the ultra-large-scale forging, the non-uniform solid-solution cooling rate at different
cross-sectional positions—attributed to the size effect—resulted in a significantly higher content of secondary y' precipitates on the surface than at
the core after subsequent aging, leading to notable differences in tensile properties across different positions.

Key words: ultra-large-scale turbine disk; GH4738 superalloy; numerical simulation; size effect
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