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Precision Forming Technology for Superalloy Casing with 2-meter Diameter
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ABSTRACT: The work aims to improve the material utilization on the premise of ensuring microstructure and property
uniformity to meet the requirement on precision forming of 2-meter diameter superalloy casing used for gas turbine. The preci-
sion forming process of rings was optimized by numerical simulation. The thermal mechanical parameters during the blank
forging and ring rolling process were analyzed and compared with the result of microstructure and properties. The results
showed that the large-size superalloy ring forgings formed by membrane blank forging+special-shaped ring blank rolling were
complete. Thermal mechanical parameters, microstructure and properties were distributed uniformly. FEM simulation can
effectively predict the thermal parameters of ring forming process. Rationality and feasibility of the process can be accurately
judged by the relationship between thermal parameters, microstructure and properties. Microstructure and properties of superalloy
are sensitive to the hot working process. Obvious temperature rise and only heating process without deformation should be
avoided during hot working of superalloy.

KEY WORDS: GH4169 alloy; large size casing; contour preforming; FEM

Wi HEA: 2020-09-16

HEE&WB: PRaRAARTFLEREFRTA (31020192X004); BEEH A KAF A4 (2020Q-182)
{EERN: T4 (1989—), B, MR IRN, LA FT QIR .

EiEE: 228 (1987—), B, WL, EFRR, T2 RT NGRS BERE L IEH



2021 1

122
GH4169 2 m
=1 GH4169
GH4169
(4=l GH4169
. = 1 KR
@600 mm GH4169
C 0.029% Cr 18.12%
Mo 2.98% Nb 5.38% Ti 0.95% Al 0.52%
Ni  53.99% Co 0.21% S 0.0006% P 0.011%
B<0.005% ASTM 3—4
2013 4.7 t
GH4169 0l 1.95 m 1
18° 760 mm
600 mm 3
2
GH4738
[10] . $1361%7 -
[ 4l
A
GH4169 i
4
| ¢
[11—13] [14—17) [18—20] [21—23] \ )
o2 < 19737 N
GH4169 1 2m GH4169
2m Fig.1 Drawing of GH4169 alloy precision ring forging with
2-meter diameter
$1308+7 5 $1587+7 = $1587+7
7y [< '|A | l;
o ® 4 4
& & IN
> . 4 — L4 PE—— A/
#895+10 $#895+10 #853+7
a HE TR 1 b HIE TR 2 ¢ HFETRF 3
2
Fig.2 Forming scheme of shaped ring blank
1 ZHU X B7
0.25 20 C GH4169
- 2000 W/ m-C - 960 C l1h 720 'C 8h
20W/ m-C 0.3 55 °C/h 620 C 8h



13 1 2m

123

x1 ARTEMSELE
Tab.1 Finite element simulation parameters

B ok W /(kgm®) AR IRE/C 1.5
W GH4169 8240 0.29 1010~1040
HiH  5CrNiMo 7860 0.3 300

1000 t
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Fig.3 Sample position for microstructure and mechanical a SIEAEELH BRI
properties analysis
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Fig.6 Blank and rolled ring
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Fig.7 Microstructure of 2-meter GH4169 superalloy shaped ring
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300, Tab.2 Room temperature tensile properties of shaped ring
0 parts for superalloy GH4169
1089 MPa 913 MPa
29% 32% 4 5 / / / /
MPa MPa % %
1 1370 1080 24 42
5 2 1380 1130 24 42
/ 3 1360 1120 25 43
4 1360 1110 23 34
5 1360 1130 24 32
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Tab.3 High temperature tensile properties of shaped
ring partsfor superalloy GH4169

/ / / /
MPa MPa % %
1 1101 924 34.0 55
2 1101 928 37.5 57
3 1093 926 35.0 54
4 1089 925 32.5 50
5 1093 913 29.0 40
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Tab.4 Stress rupture properties of shaped ring for
superalloy GH4169

/MPa /h 1%
1 690 56.1 33
2 690 56.6 34
3 690 58.0 20
4 690 54.5 20
5 690 54.0 18
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