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Abstract: The influence of air-cooled quenching parameter on temperature distribution, cooling rate, residual stress of
FGH96 powder metallurgy (PM) superalloy ring was investigated by numerical simulation. The results reveal that on
the basis of gas flow velocity of 90 m/s, overall improvement or only increasing the gas flow velocity of the middle
nozzle to 120 m/s leads to the cooling rate enhancement of PM superalloy ring. The cooling rate of rings under different
air-cooling conditions can be maintained above 120 “C/min for an adequate time, which ensures the precipitation of y'
phase. Improving the gas flow rate of the middle nozzles can intensify the cooling rate at the core of ring, resulting in
the homogenization of temperature distribution, which indicates the preferred air-cooled quenching solution. The surfa-
cial residual stress of the ring by air-cooled quenching is 35 MPa lower than that of ones by after conventional oil

quenching with uniform distribution, which is conducive to the residual stress control of the ring.
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Tab.1 Chemical composition of FGH96 alloy %
Cr Co w Mo Al Ti Nb C B Zr Ni
15.00~16.50 12.50~13.50 3.80~4.20 3.80~4.20 2.00~2.40 3.50~3.90 0.60~1.00 0.02~0.05 0.006~0.015 0.025~0.050 Ax &
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Fig.1 Schematic diagram of air-cooled quenching
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Fig.3 Layout of temperature monitoring point of ring blank
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Fig.5 Temperature distribution of cross section of ring before air
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Fig.6 Temperature and cooling rate curves of air-cooling
regime 1
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Fig.7 Temperature and cooling rate curves of air-cooling
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Fig.8 Temperature and cooling rate curves of air-cooling
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Fig.9 Cooling rate comparison of monitoring point 5
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Tab.3 Maximum cooling rate of different monitoring points
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Fig.11 Air-cooling experiment of PM superalloy ring blank
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Fig. 15 Residual stress distribution of superalloy ring by quenching regime 2
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