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Investigation into the Mechanism of Hot Cracking in M951 Superalloy
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Abstract: The application of Tungsten Inert Gas (TIG) welding technology for repairing aero-engine hot-section compo-
nents made of nickel-based superalloy M951 offers significant advantages in reducing maintenance costs and extending ser-
vice life. This study systematically investigates the influence of arc welding parameters and filler materials on the hot crack-
ing susceptibility of M951 superalloy, with particular focus on the crack initiation locations and underlying mechanisms un-
der various welding conditions. Experimental results demonstrate that weld joints deposited with M951 filler wire exhibit
markedly lower cracking susceptibility compared to those fabricated using GH4169 filler wire. The total crack length and
number of cracks within the joint initially increase and then decrease with rising welding current. At lower current levels,
cracks primarily propagate along the weld centerline, presenting as solidification cracks along interdendritic boundaries in
the fusion zone. In contrast, higher welding currents promote the formation of liquation cracks within the heat-affected zone
(HAZ). The minimum susceptibility to hot cracking was achieved at a welding current of 40 A.
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Table 1 Chemical composition of the alloy between the substrate and the welding wire (wt. %)

2 w Mo Nb Co Cr Al B C Y Ni
M951 FEHz 35 3 22 5 9 6 0.024 0.05 0.017 N
M951 Ji2z 35 3 22 5 9 6 0.024 0.05 0.017 N

GH4169 1542 — 3 475 — 18 0.5 0.006 — — N
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Fig. 1 (a)M951 welding wire obtained by wire electrical discharge
machining and the welding plates sealed inside the vacuum glass tubes;

(b)Macro-morphology of the joint deposited by GH4169; (c)Macro-
morphology of the joint deposited by M951
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Fig.3 Microstructural morphology of the weld joint deposited by M951 and GH4169 wire
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Fig. 4 The high-power microstructure morphology of the liquefied crack in the heat-affected zone of GH4169 and the element line scan

distribution along the transverse part of the crack
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Table 2 SEM-EDS spot scan results of the corresponding regions

given in Fig. 4 (wt. %)
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Fig.5 Microstructures of the welding joint deposited by M951 under different welding currents
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Fig. 6 (a)The total length and total number of hot cracks in the joints bonded by two different welding wires; (b) The counts of two types of cracks,

solidification cracks and liquation cracks,in joints welded at different welding currents
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