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Fig.1 Assembly position (a) and schematic diagram (b) of an

aero-engine turbine disk structure
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Fig.2 Composition-microstructure-property relationships of typical wrought superalloys for turbine disks: (a) content and solvus

temperature of 9’ phase and (b) stress rupture properties at 750 °C™!
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Fig.3 Macrostructures (a, e, i), microstructures (b, f, j), grain orientation distributions (c, g, k) and fracture morphologies (d, h, 1) of ingot cracks:

(a—d) VIM ingot; (e-h) ESR ingot; (i-1) VAR ingot
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Fig. 4 Schematic diagram of formation mechanism of hot tearing and

cold cracking!”
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Fig.5 Microstructural characteristics of the hot tearing: (a—c) typical fracture surface of hot tearing; (d) microstructure of a hot tearing;

(e) morphology of precipitates at the hot tearing location™”
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Fig.7 Microstructural characteristics of the cold cracking: (a, b) typical fracture surface”; (c, d) microstructure
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Fig.9 Diagram of the influence of (y+7’) eutectic on hot-tearing susceptibility: (a) alloys with a small size and low volume fraction of eutectic

show low hot-tearing susceptibility; (b) the addition of minor elements may contribute to the formation of continuous thin liquid films,

increasing the volume fraction of eutectic and raising hot-tearing susceptibility; (c) increasing Ti content promotes the formation of larger

eutectics with a significant eutectic-affected zone, leading to high hot tearing susceptibility'
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Fig.10 Influence of Ti/Al ratio on susceptibility of strain-age crack™
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Fig.11 Effect of (y+ ') eutectic fraction and Zr content on hot-

tearing””!
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Fig.12 Stress-strain curves of as-cast and annealed GH4151 ingot samples at room temperature (a) and 1100 °C (b); VAR melting rate

curves before and after annealing treatment (c)!"”
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Research Progress on Cracking Causes and Influencing Factors of Wrought
Superalloy Ingots

Fu Baoquan'”, Zhang Jinyu', Cao Kaili’, Liu Jin*, Liang Chen’, Zhang Jianwei’, Cao Guoxin’, He Yongsheng’
(1. State Key Laboratory for Mechanical Behavior of Materials, Xi’an Jiaotong University, Xi’an 710049, China)
(2. Xi’an Superalloy Technology Company Limited, Xi’an 710299, China)

Abstract: To meet the growing demand for enhanced material properties of aero-engines, the alloying element content of wrought superalloys is
increasing, which leads to the difficulty of ingot casting. Excessive addition of alloying elements in superalloys tend to induce cracking under the
combined action of thermal stress and phase transformation stress. Once cracks occur, it will not only interfere with the stability of process
parameters such as current and voltage in the subsequent remelting process, but also raise scrap rate of the ingot, and exert an irreversible impact
on the performance and reliability of the final product. Cracks in ingot, as a complex metallurgical defect during superalloy casting, has become a
critical technological bottleneck, restricting the size scaling of high-alloyed superalloy ingots. Then, this paper reviews the recent research
progress on the causes of cracking in wrought superalloy ingots during triple-melting processes, as well as various influencing factors in crack
formation. Corresponding inhibition measures are also proposed for different cracking causes. The research direction of ingot cracking is
prospected, aiming to provide a theoretical basis and technical reference for producing defect-free superalloy materials.

Key words: wrought superalloy; ingot crack; causes of crack; influencing factors of crack; crack control
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