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Influence of cyclic overheating on tensile strength and
ductility of GH3230 alloy

ZHANG Yawei',SHEN Yu,JU Quan,XU Guohua,ZHANG Ji

(Gaona Aero Material Co.,Ltd.,Beijing 100081, China)

Abstract: In light of the application scenarios where the combustion chamber and turbine components of
aeroengines are repeatedly subjected to short-term overheating, and reusable spacecraft endure cyclic high-
temperature conditions, an experimental study is conducted to investigate the effects of cyclic overheating
on the tensile properties of GH3230 alloy. Additionally, the oxidation-related microstructural and compositional
changes are characterized. The results reveal that the cracking of internal oxides during plastic deformation
reduces the actual load-bearing area of the oxidized sample. Grain coarsening also occurs during thermal
exposure. These two factors jointly contribute to a continuous decline in room-temperature tensile strength
as the number of overheating cycles increases. After removing the surface layer, the tensile strength is
restored to a certain degree. The oxidative decarburization zone that forms near the sample surfaces exhibits
improved plastic deformability. As a result, it effectively blunts oxide cracks and prevents them from
penetrating into the matrix. Consequently, the tensile elongation of the oxidized sample after 10-40 cycles
of over-temperature remains at relatively high levels due to the avoidance of the notch effect caused by
surface cracks.
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Fig.2 Relationship between room-temperature tensile strength retention rate, plasticity change rate of GH3230 alloy, and cyclic oxidation cycles after

overheating cycles  (a)tensile strength retention rate ; (b)plasticity change rate
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Fig.3 Macroscopic morphology of tensile fractures of samples in different states

(a)solution-annealed state ; (b)40 overheating cycles; (¢)100 overheating cycles; (d)processed sample after 100 overheating cycles
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Fig.4 Microscopic morphology of dimples on tensile fractures of samples in different states

(a), (b)solution-annealed state; (¢), (d)100 overheating cycles
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Fig.5 SEM images of oxides in axial dissections of samples after 100 overheating cycles before and after 10%4 interrupted tensile test

(a)before tensile test; (b)after tensile test
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Table 2 Quantitative test results by electron probe
microanalysis at different positions in dissections

of samples after 100 overheating cycles

Position Cr w Mo

Point 1 21.01 5.47 0.99
Point 2 24.76 4.87 0.84
Point 3 26.79 4.85 0.84
Point 4 28.07 4.42 0.80
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Position Yield strength/MPa
Point 1 303.7
Point 2 300.6
Point 3 305.0
Point 4 300.5
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