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Preformed blank optimization and microstructure uniformity

control of GH4586 alloy turbine disk

WANG Kai,ZHANG Jing,LIU Jintao, MIAO Jinwu
(Xi’an Space Engine Company Limited, Xi’an 710100, China)

Abstract; GH4586 alloy turbine disk is one of the core components of the new generation liquid
rocket engine. Due to the extremely terrible service environment, it is necessary to improve the micro-
structure uniformity of turbine disk in die forging and therefore is beneficial to improve the stability and
reliability of mechanical properties. The effects of temperature and strain on the microstructures and re-
crystallization behavior of GH4586 alloy were studied by hot compression tests, and the range of hot form-
ing process parameters were obtained. Based on finite element simulation and die forging experiment, the
effects of different preformed blanks on strain distribution and uniformity of microstructure were compared
and analyzed. The turbine disk die forging with uniform microstructure was obtained by using the double
gyro preform shape with gradient rising from edge to center, and forged at 1 060 °C. The grain size reached
6 ~7 at the core, and 7 ~8 when locating at the middle and edge. The mechanical properties of GH4586 al-
loy turbine disk made by the preformed blank at room temperature, cryogenic and high temperature all meet

the requirement of the standards, especially the elongation at —196 °C and the ensile strength at 600 °C were
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increased by 37% and 12% compared with the one made by original scheme,respectively.

Keywords: GH4586 alloy; turbine disk; microstructure uniformity; forging; preformed blank
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Tab.1 Chemical composition of the compression samples

of GH4586 alloy BT %

Cr Co Mo Ti \4 Al C Mn Ni

18.98 11.03 8.23 3.41 3.09 1.53 0.044 0.046 Bal
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Fig. 1 Effects of deformation temperature on the

microstructure of GH4586 alloy
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Tab.2 Grain size of GH4586 alloy under different strain
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Fig. 2 Effects of strain on the microstructure of

GH4586 alloy
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Fig. 3 Dimensions of the turbine disc die forging
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Fig. 4 Three different performed blanking schemes
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Fig.5 True stress-strain curve at different temperature

and strain

_—

(a) BUHIEE T Za

»

(b) Tl EE 7 b

"‘ ‘ PEEQ, 00
k 2.00
N 1.50
1.00
5 0.80
0.60
- 0.40
Y
3 0.00
(c) T 267 Ze

6 3 FhFEIET ZEBREEEREE (PEEQ) S HRE
Fig. 6 Equivalent plastic strain distribution of die

forgings with three performed blanking schemes
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Fig.7 Sketch diagram of sampling position of turbine

disk die forging
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Tab.3 Comparison of grain size of turbine disk die
forgings under different process schemes

and initial bar
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Fig. 8 Comparison of microstructure of turbine disk die

forgings in different deformation zones and initial bar
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Tab.4 Comparison of mechanical properties of turbine disk die forgings, initial bar and original scheme
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