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ABSTRACT: The work aims to study the differences in the organization and properties of discs forged by counter-blow ham-

R BEHE: 2022-08-02

Received: 2022-08-02

EL£WEB: BRAAMFEASE (52101052) 5 ERT A RAFEE (cste2020jcyj-msxmX0046 )

Fund: National Natural Science Foundation of China (52101052); Natural Science Foundation of Chongging (cstc2020jcyj-
msxmX0046)

fEEEMN: Fak (1983—) , B, RAIRIF, LRAAFT QAME LI KA BERT

Biography: LI Chang-yong (1983-), Male, Senior engineer, Research focus: plastic forming of key components of aero-engine.
EiflEE: 248 (1987—) , B, WE, BhEBAH, T EMAT A BRRTY 554,

Corresponding author : WANG Jian-guo (1987-), Male, Doctor, Assistant researcher, Research focus: plastic forming and control.
Blxt&X: a3k, HHE, Ak, F. sHESRENEE GHA169 S H R 5 S M[I]. 45 R8BI, 2023, 15(1):
182-189.

LI Chang-yong, HUANG Jun-wei, ZHOU Tao, et al. differences in microstructure and properties of GH4169 discs forged by
counter-blow hammer and hydraulic press[J]. Journal of Netshape Forming Engineering, 2023, 15(1): 182-189.



15 1 GH4169 183

mer and hydraulic press, so as to provide theoretical foundation for selection of forging process and guidance of production.
Numerical simulations were used to compare and analyze the forming process of GH4169 turbine discs on 63TM counter-blow
hammer and 200MN isothermal forging press, and the differences in the organization and properties of GH4169 alloy discs pre-
pared by different processes were investigated by observing the tissue morphology and mechanical properties after direct aging
of GH4169 alloy prepared by different processes and by isothermal die forging GH4169 discs on counter-blow hammer and hy-
draulic press. It was found that the differences in the distribution of the isothermal transformation between the two discs were
not significant, but the temperature of the hydraulically formed discs was higher than that of the hammer forging, and the uni-
formity of the temperature distribution was slightly better. The high density of dislocations in the hammer die-forged GH4169
alloy effectively promoted the nucleation of the y" phase, and the increase of the precipitation strengthening phase made the
hammer-forged GH4169 alloy have a higher overall performance than the hydraulic forging alloy. Compared with those forged
by hydraulic press, GH4169 alloy discs prepared by hammer have better overall properties.
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Tab.1 Chemical composition of GH4169 alloy

Element C Cr Mo Nb Ti Al Ni Fe Co S P B
Content/wt.%  0.042 18.72 3.09 5.20 1.00 0.52 53.16 Bal. 0.01 0.002  0.006 0.002
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Tab.2 Finite element simulation parameters D S—
Parameter Workpiece Mold
Material GH4146 5CrNiMo
Density/(kg'm ) 8 240 7 860 (
Poisson's ratio 0.29 0.3
Forging Temperature/'C 990 300
Press down speed/(mm-s ") 10 :;Iﬁ?:lrgy 3 GH4169 mm
Coefficient of thermal emis- 025 Fig.3 Sampling location of GH4169 forgings
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116 s
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Fig.9 Strengthening phase morphology of GH4169 alloy prepared by different die forging processes after direct aging:
a) counter-blow hammer; b) hydraulic press

£ 3 GH4169 §&RIBMFRMIERE
Tab.3 Tensile properties of GH4169 alloy forgings

Temperature Forming method s tr;egli}sli/II::APa s trer?{gif}:;lMPa Elongation/%  Surface shrinkage/%
hydraulic press 1502.8 1318.6 19.8 335
25°C counterblow hammer 1571.5 1411.5 14.6 26.5
requirement =1 450 =1 240 =10 =15
hydraulic press 1260.2 1117.8 25.7 55.8
650 C counterblow hammer 1316 1235.5 25.5 55.5
requirement =1170 =1 000 =12 =15

F4 GH4169 A& BBMHFHARIEET EaE
Tab.4 Endurance and creep properties of GH4169 alloy disc forgings

. Durable performance (650 'C 700 MPa) Creep performance (595 C 825 MPa)
Forming method
Life/h Elongation/% Loading time /h Residual deformation /%
Hydraulic press 72.5 24 25 0.069
Counterblow hammer 73.5 23 25 0.054
" 9
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