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Table 1 Chemical compostion of GH4710 alloy (mass fraction,%)

Elements C Cr Co Al Ti w

Content  0.069 18.02 1476  2.55 4.94 1.48

Elements Mo B Si Fe Zr Ni

Content 3.14  0.021 0.045 0.40 0.044 RE
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Fig.1 Schematic diagram of the partitioned regions of the GH4710 alloy
turbine disk forging
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Fig.2 Microstructure of the GH4710 alloy after heat treatment
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Fig.3(a) a-N curvesand (b)d,/dy-AK curves of GH4710 alloy
under different temperatures
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Table2 AK range of GH4710 alloy during steady-state fatigue
crack growth at different temperatures

HECC) AK 3t FEl(MPa-m°.5)
750 14.96~76.19
815 12.49~77.92
850 17.38~68.24

2.2 WROMERSERZASLET
2.2.1 EiOBNFR
Bl 4 AR ERREE R 57 B 0 2SR, H20 <5

GEIX -1 TR X AP R X -Elbr X 7 DY B aRgiiy, H%
DX 52 B SEAARRAE B o LU BE IR EE L 2% . 750 C
W, VT THEX BEEZ) 200 um CHEE 15%) , BETIX (S
10%, Fad&d RIX 2B 0 CRMEN) 5 815 CH, i
ITHEX A ZE 120 um (L 10%) , BREY RX2EIE
Ht, BETX 5 20%; 850 CHF, Xl THEX JLFH %
(FEfE<50 um) , FAEY RX EBWE CZEEML)
Mk W X o BE 30%, S B HA S T v 3 BRI R
Fad FEB B o

850 °C

Bl

_EJ

X RETEX

Kl 4 ANFREEE T GHAT10 & 95855 280 J b 11 2 W3
Fig.4 Macroscopic morphologies of fatigue crack propagation
fracture surfaces of GH4710 alloy at different temperatures
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Fig.5 SEM micrographs of near-threshold region of GH4710 alloy
at different temperatures: (a) 750°C; (b) 815°C; (c) 850°C
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Fig.6 SEM micrographs of steady-state crack propagation region
of GH4710 alloy at different temperatures: (a) 750°C; (b) 815°C; (c)
850°C
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Fig.7 SEM micrographs of rapid fracture region of GH4710 alloy
at different temperatures: (a) 750°C; (b) 815°C; (c) 850°C
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Fig.8 Cross-sectional microstructures of steady-state fatigue crack
propagation region of GH4710 alloy at different temperatures: (a)
750°C; (b) 815°C; (c) 850C
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Fig.9 FE-SEM images of strengthening phases in steady-state
fatigue crack propagation region of GH4710 alloy at different
temperatures: (a) 750°C; (b) 815C; (c) 850°C
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Fig.10 EDS line scan results of oxygen content at different stages of the

fracture surface in the steady-state fatigue crack propagation region of

GH4710 alloy at 750 °C: (a) Early stage; (b) Late stage
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Fig.10 EDS line scan results of oxygen content at different stages of the

fracture surface in the steady-state fatigue crack propagation region of

GH4710 alloy at 815 °C: (a) Early stage; (b) "Local intergranular

deflection" region
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Fig.10 EDS line scan results of oxygen content at different stages of the
fracture surface in the steady-state fatigue crack propagation region of
GH4710 alloy at 850 °C: (a) Early stage; (b) Intergranular fracture
region
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Temperature-Dependent Modeling of High-Temperature Fatigue Crack Growth
Behavior in GH4710 Superalloy
Chen Youhong, Lan Bo, Sun Xing, Li Kai
(AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: To address the risk of high-temperature fatigue failure in GH4710 superalloy turbine disks used in aero-engines, the fatigue crack growth

behavior of the alloy was systematically investigated at 750 C, 815 “Cand 850 “C. The underlying temperature influence mechanism was

elucidated, and a temperature-dependent model was established. The results indicate that grain boundary oxidation weakening is the dominant factor

responsible for accelerated crack propagation at elevated temperatures. As the temperature increases from 750 ‘Cto 850 °C, the fatigue crack growth

rate increases significantly, accompanied by a 74.7 % reduction in fatigue life. Concurrently, the fracture mechanism transitions from predominantly

transgranular to intergranular failure. The temperature range of 815~850 ‘Cis identified as a critical transition zone for fatigue performance
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degradation. Below this range, the alloy exhibits a wider applicable range of the stress intensity factor range ( AK ) and superior crack growth
resistance. Based on the Paris law, an Arrhenius-type temperature correction term was incorporated to develop a modified model: da/dN =

9.783 X 1077 X exp (_m

T ) (4K)3183 (T is absolute temperature, K). Within the range of AK =20~65 MPa-m°-5, the model predictions

agree with experimental data within an error margin of less than 10%, accurately characterizing the fatigue crack growth behavior of the alloy
between 750 ‘Cand 850 °C. This study provides theoretical support for damage tolerance design, high-temperature service life prediction, and

critical temperature warning of GH4710 alloy turbine disks.
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