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Fig.1 Crack Propagation Compact Tension (CT) Specimen
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Table 1 Chemical composition of FGH4113A alloy (wt/%)

Cr Mo W Ti Co Al Nb Ta C Zr B Hf Ni
FGH4113A 13.10 410 390 370 19.10 290 120 1.10 Minor Bal
FGH95 1269 855 336 269 855 346 345 <0.02 0.060 0.050 0.010 = Bal
FGH96 1600 400 400 370 13.00 2.10 0.70 <0.02 0.035 0.033 0.011 s Bal
FGH97 9.02 376 496 174 1569 491 2.9 / 0.045 0.017 0.012 030 Bal
FGH98 1265 3.83 218 370 2020 345 090 231 0.054 0.050 0.021 s Bal
LSHR 1252 273 433 350 2070 346 145 1.60 0.029 0.049 0.028 s Bal
ME3 1310 380 190 350 1820 3.50 1.400 270  0.030 0.050 0.030 z Bal
3% 2 FGH4113A Hifif%sE
Table 2 Tensile Performance of FGH4113A
FGH4113A BE T JEARGRE Rp0.2 (MPa) PrhiiE (MPa) WrjE i ff 2 (%)

HIP 7 25 1170 1620 19.5

HEX #& 25 1183 1655 24.0

ITF & 25 1147 1600 25.0

HIP 7 650 1063 1508 21.0

HEX % 650 1081 1500 17.5

ITF % 650 1044 1517 19.5

HIP 7 700 1087 1422 17.0

HEX # 700 1080 1376 20.5

ITF & 700 1072 1336 21.0
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ITF 5 FGH4113A & &1 6 RLEE 43514 ASTM 9.7 24(#)
11um), ASTM 8.7 Z%(%) 16.0pum), ASTM 6.8 Z%(%] 31um),
2(a)#ikfi7n, HIP &1 FGHA113A & & ERZ 1
JRUGRRLIL S PPB. [ 2(b)2R HIP 4 FGH4113A 54
1 dn A B AR R Z R —K vy, B 2(e) 5K 2(h)F&
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Fig.2 Microstructure of FGH4113 A high-temperature alloy in different states: (a) Grain size in HIP state; (b) y' phase in HIP state; (c) second y' phase

in HIP state; (d) Grain size in HEX state; (e) y' phase in HEX state; (f) second y' phase in HEX state; (g) Grain size in ITF state; (h) y' phase in ITF

state; (i) second y' phase in ITF state
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Fig.3 Crack propagation length vs number of cycles a-N curve of
FGH4113A alloy at 650°C in HIP, HEX, and ITF states
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Fig.4 Stress intensity factor and crack propagation rate curve of
FGH4113A alloy at 650°C in HIP, HEX, and ITF states
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Fig.5 Crack propagation length and number of cycles a-N curve under
different temperature conditions in ITF state
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Fig.6 Compact tension specimen for crack propagation test Relation
between crack growth size (a) and fatigue cycles (N)
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Fig.7 Stress intensity factor and crack propagation rate curve at
different frequencies under 700°C in ITF state
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Fig.8 650°C crack propagation performance of FGH4113A compared

with superalloys like LSHR, ME3
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Fig.9 700°C crack propagation performance of FGH4113A compared

with LSHR, ME3
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Fig.10 EBSD Inverse Pole Figure images of crack propagation in FGH4113A alloy at 650°C in HIP, HEX, and ITF states (a) HIP state; (b) HEX

state; (c) ITF state
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Crack Propagation Properties of FGH4113A Powder High-Temperature Alloy

Zhang Gaoxiang'?, Long Anping"?, Yin Chao?, Xiong Jiangying"?, Xiao Lei?, Liu Yong!
(1. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)
(2. Shenzhen Wedge Central South Research Institute Co., Ltd., Shenzhen 518000, China)

Abstract: The crack propagation performance of the independently developed 3rd generation powder high-temperature alloy FGH4113A was
studied, including the effects of preparation process, temperature, and frequency on crack propagation performance, and a comparison was made
with similar high-temperature alloys internationally. The preparation process involved a combination of Hot Isostatic Pressing (HIP), Hot Extrusion
(HEX), Isothermal Forging (ITF), and Heat Treatment (HT). Test temperatures included room temperature, 650° C, and 700° C, with test
frequencies of 0.33Hz and 20Hz, analyzing the impact of frequency on the alloy's high-temperature crack propagation performance. The comparison
included similar alloy grades such as FGH95, FGH96, FGH97, FGH98, ME3, and LSHR. The results show that ppb and coarse primary y' phase
around the grain boundary are unfavorable factors for the crack growth performance of the alloy, and increasing the grain size of the alloy is beneficial
to reducing the crack growth rate. Extrusion and forging process can effectively eliminate PPB, thereby enhancing the alloy's crack propagation
resistance. The crack growth rate at room temperature is much lower than that at 650 °C and 750 °C, and the crack growth rate at 0.33hz test frequency
is significantly higher than that at 20Hz. Increasing the temperature and decreasing the test frequency will increase the crack growth rate of the alloy.
In the stable crack propagation stage, the ITF state FGH4113A alloy exceed FGH98, LSHR and MES3 alloys, and reach the advanced level of the 3rd
Powder Superalloy.

Key words: Nickel-based powder high-temperature alloy; Crack propagation rate; Isothermal forging; Stress intensity factor
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