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Abstract: Nickel-based polycrystalline superalloys are critical materials for hot-section components in aeroengines and gas
turbines, whose high-temperature fatigue behavior directly affects the service safety and lifespan of these components. This
article systematically reviews the current research status and advances in fatigue mechanical response, microstructural
evolution, damage mechanisms and failure analysis, lifetime prediction, and numerical simulation of nickel-based
polycrystalline superalloys. Studies have shown that the macroscopic mechanical response of these alloys at high
temperatures exhibits strong path dependence, nonproportional effects, and phase-angle sensitivity, which originate from the
deep coupling between thermomechanical loading and the microstructure. At the microscale, the fatigue process involves
the dynamic evolution of y'/y" strengthening phases and competition among dislocation mechanisms, directly leading to

irreversible performance degradation, such as cyclic hardening/softening. With respect to damage and failure, load phasing,
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by modulating the stress-temperature field, dominates the competition between intergranular and transgranular fracture
modes and may induce lifetime crossover phenomena. In terms of mechanism tracing, internal defects are the dominant
factors in crack initiation, whereas oxidation and environmental effects significantly accelerate crack propagation. In
predictive modelling, the research paradigm is evolving from macroscopic phenomenological models to multiscale integrated
models that incorporate physical mechanisms and data-driven intelligent approaches. Macroscopic models provide an
engineering-usable framework for lifetime prediction, whereas advanced methods based on crystal plasticity theory, machine
learning, and fatigue-creep dual-parameter indicators improve the accuracy of damage evolution quantification and full-life
prediction. Finally, a future trend toward precise lifetime prediction driven by both mechanisms and data, achieved through
the deep integration of multiscale physical insights and artificial intelligence technologies, is proposed.
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Fig.1 Comparison of the stress-strain hysteresis curves at 3 B ,

half-life N/2 for In718 alloy experiments (at 650 C) and the
Ramberg-Osgood model (with strain ranges of +0.4%, +0.6%, °
+0.8%, £1.0%)21 , Inconel 718
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Fig.2 Comparison of peak, valley and average stresses under different load conditions: (a) TC-IP; (b) TC-OP; (¢) TC-902"
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Fig.3 Fatigue life analysis of the three types of plate: (a) schematic diagrams of the three hole types; (b) life-strain range curve™
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Fig.4 Morphology of the y" phase of the CM247DSLC alloy under different experimental conditions: (a) SEM image of the original
alloy; (b) low-cycle fatigue; (¢) 1-minute load dwell time creep-fatigue; (d) 5-minute load dwell time™!
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Fig.5 Longitudinal section microstructure: (a) SEM image of the HT5 sample; (b) SEM image of the HT6 sample; (c) SEM image of
the HT7 sample; (d) TEM image of the HT5 sample; (¢) TEM image of the HT6 sample; (f) TEM image of the HT7 sample (HTS: 9 h;
HT6:12 h; HT7: 24 h)®*!
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Fig.6 Fatigue fracture surfaces: (a, b) ILCF; (¢, d) TMF-IP; (e, f) TMF-OPP!
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Fig.7 CG-OP crack propagation: (a) SF distribution map; (b) crack tip of area I; (¢) GND distribution map of area 11"
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Fig.8 Fine-scale precipitation during fatigue cycling for a sample tested at 650 ‘C: (a) high-angle annular dark field STEM images from
a location near a twin boundary; (b) the associated STEM image in phase contrast showing shearing of y" and fine-scale precipitation in
the y matrix; (c) the associated conventional TEM image. Images are flipped with respect to (a) and (b); (d) high-magnification TEM
images of the precipitation along slip bands that form during fatigue; (e, f) diffraction pattern from the volume displayed by the red
circle in (d). The diffraction patterns correspond to the combination of the Ni;Al phase and MyC, carbide®
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9 :(a) o {1 )
; (b) {111}<110> ; (o) {111}<110> 54
Fig.9 Grains used for twin boundary analysis: (a) typical large grain containing an annealing twin boundary. The corresponding
{111} slip traces of the twin and parent grain pair are plotted with different colours, with the length of the lines representing the relative
magnitude of the Schmid factors; (b) Elastic modulus of the {111} <110>slip systems along the loading direction;
(¢) Schmid factors of the {111} <110> slip systems along the loading direction!®

10 9 P-P" 650 C 15 ( ):(a) ;
(b) ASSEDD;(c) Fatemi-Socie 14
Fig.10 Along the path P-P’ depicted in Fig. 9 at 650 C after 15 loading cycles (the vertical dotted lines represent the positions of the
twin boundaries): (a) strain component; (b) ASSEDD; (¢) Fatemi-Socie parameter®
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Fig.11 Comparison between the experimental and simulation results: (a, b) models with equivalent plastic dissipation work and
crystallographic work as the main driving forces; (c) crack morphology demonstrating the EBSD observations; (d) all crack growth
angles within the G4 grain'™

https://www. cnk1. net



Vol.47 No.08

* 866+ FOUNDRY TECHNOLOGY Aug. 2026
,Y/
.Yagci ™ , o ,
o ( N )
b ) o
, (5
5
[}
s (1] , , , , , . GH4169
v 1. ,2025, 46(8):
’ 809-815.

o 5 1ol

()

2

(€)

4)

https: //www.

cnki. net

(2]

(3]

[6]

(71

LIUW, LIK, ZHAO Y R, ZHU J, MENG Q K, MA R T. Effects of
solution treatment temperature on the microstructure and me-
chanical properties of GH4169 superalloy[J]. Foundry Technology,
2025, 46(8): 809-815.
, s s , . GH4169
[J1. ,2023,44(12): 1109-1115.
WANG M Z, LIN J, HU X, WANG D G, WEI Q. Study on
the tensile properties of GH4169 alloy sheet at high temperature
[J]. Foundry Technology, 2023, 44(12): 1109-1115.
) , . GH4169
[J]. ,2016, 52(6): 707-716.
WANG J G, LIU D, YANG Y H. Mechanisms of non-uniform mi-
crostructure evolution in GH4169 alloy during heating process[J].
Acta Metallurgica Sinica, 2016, 52(6): 707-716.
s s s , , . GH4169
[J]. ,2022, 46(3): 289-296.
GAO S Y, WANG Y W, SUR, WU D Y, KANG J, BAO Y P.
Low-cycle fatigue behavior of GH4169 superalloy [J]. Chinese
Journal of Rare Metals, 2022, 46(3): 289-296.
. TiAl [J1. ,2024, 45
(10): 907-916.
LUO Q S, XIANG HG, WEID X, YIN Y J, QI Z X, ZHENG G,
XU H, ZHOU B, CHEN Y. Overview of the low-cycle fatigue
failure mechanism of TiAl alloy[J]. Foundry Technology, 2024,
45(10): 907-916.
[J1. ,2020, 41(11): 1024-
1029.
SONG X J, WANG CY, WANG Y, ZHOU L, ZOU J W. Effect of
extrusion parameters on microstructure of Ni-based P/M superal-
loy[J]. Foundry Technology, 2020, 41(11): 1024-1029.
;- (1.
,2024(17): 107-109.
HU B, WANG Z. Research progress on high-temperature alloys for



{ 208/2026 , <867 -

gas turbine hot end components[J]. Science and Technology & In- [17] s s s s s s

novation, 2024(17): 107-109.
, , . 316L  IN718
[J]. ,2025, 46(2):
160-166.
ZHANG Z Y, LIU Y G, LI M Q. Research on in-situ alloying of
316L and IN718 via laser additive manufacturing and its mi-
crostructure and mechanical properties[J]. Foundry Technology,
2025, 46(2): 160-166.
s . [J].
,2020, 56(2): 35-38.
DANG X L, WANG J. Research status and prospects of additive
manufacturing technology at home and abroad[J]. Aviation Pre-
cision Manufacturing Technology, 2020, 56(2): 35-38.
1 )
2023, 59(1): 1-15.
SONG B, ZHANG J L, ZHANG Y J, HU K, FANG R X, JIANG
X, ZHANG X R, WU Z S, SHI Y S. Research progress of materials
design for metal laser additive manufacturing [J]. Acta Metallur-
gica Sinica, 2023, 59(1): 1-15.
[D].
,2019.
PEI H Q. The high-temperature oxidation and thermal fatigue
behaviors of Nickel-based single crystal superalloy [D]. Xi'an:
Northwestern Polytechnical University, 2019.
, s . K403
[J]. ,2013, 62(7): 612-615.
LIU J, SUN Z C, TANG W T. Microstructure and properties of
K403 Nickel based alloy after thermal exposure[J]. Foundry, 2013,
62(7): 612-615.

s . [J1.
,2022(3): 26-28.
HAN S J, CHANG C. Oxidation damage analysis of high-pressure
turbine blades of engine[J]. Aviation Maintenance & Engineering,
2022(3): 26-28.

s , s . K403

[I1. ,2023, 44(3): 246-251.
ZHOU Z B, YANG M B, ZHANG J Z, WEI H B. Microstructure
and thermal fatigue mechanism of K403 alloy high pressure
guide-vane[J]. Foundry Technology, 2023, 44(3): 246-251.

) s . GH4169

Chaboche [J1. ,2025, 50(6): 204-213.
FANG Z, WU Y H, WANG W M. High temperature and low cycle
fatigue behavior and Chaboche constitutive analysis on superalloy
GH4169[J]. Forging & Stamping Technology, 2025, 50(6): 204-

[}

=

—

—

—

U1

,2022, 43(7): 519-524.
ZHANG G D, SU B L, LIAO W J, WANG X F, ZOU J W, YUAN
R H, LIJ S. Prediction of fatigue life of powder metallurgy super-
alloy disk via machine learning[J]. Foundry Technology, 2022, 43
(7): 519-524.
SAKANE M, ISOBE N. Tension-torsion multiaxial creep-fatigue
lives of the Nickel-based superalloy Alloy 738LC[J]. International
Journal of Fatigue, 2022, 155: 106575.
PARKS TANAKAY,OKAZAKIS FUNAKOSHIY,KAWASHIMA
H, MATSUNAGA H. Inferior fatigue resistance of additively-man-
ufactured Ni-based superalloy 718 and its dominating factor[J]. In-
ternational Journal of Fatigue, 2023, 176: 107801.
ZHANG L, YU Z W, ZHANG L C, JIANG R, ZHAO L G, SONG
Y D. Thermo-mechanical fatigue deformation and fracture mecha-
nisms of nickel-based powder metallurgy superalloy [J]. Interna-
tional Journal of Fatigue, 2024, 108: 108083.
SUNJ Y, YUAN H. Life assessment of multiaxial thermomechani-
cal fatigue of a nickel-based superalloy Inconel 718[J]. Internation-
al Journal of Fatigue, 2019, 120: 228-240.
LU J Q, HUANG Y. Effects of creep and oxidation to thermome-
chanical fatigue life assessment for nickel-based superalloy[J]. Inter-
national Journal of Fatigue, 2023, 176: 107873.
SHEN J, HU X A, MI D, QIAN Z M, TENG X F, SONG X, JIANG
Y, NIE X F. Thermomechanical fatigue behavior and lifetime
modeling of powder metallurgy superalloy considering phase angle

effect[J]. International Journal of Fatigue, 2022, 164: 107164.

[24] KUMAR C, JENA P S, SINGH R K, HARMAIN G A, SAHU J K.

Strain ratio effect on microstructural evolution during low cycle fa-
tigue exploitation of nickel base superalloy IN740H [J]. Interna-
tional Journal of Pressure Vessels and Piping, 2021, 194: 104551.

[25] KUMAR R, PATNAIK S, JAYABALAN B, MUKHERIJEE S, KR-

ISHNA E H, CHATTERJEE D, PRASAD K, MANDAL S. Defor-
mation behavior and failure mechanism during in-phase and
out-of-phase thermomechanical fatigue in directionally solidified
CM247LC superalloy [J]. International Journal of Fatigue, 2025,
203: 109274.

[26] KONG W W, WANG Y Q, CHEN Y P, LIU X, YUAN C. Investi-

gation of uniaxial ratcheting fatigue behaviours and fracture mech-
anism of GH742 superalloy at 923 K[J]. Materials Science and En-
gineering: A, 2022, 831: 142173.

LIZG,QINHQ, XUKJ, XIE ZB, JIP C, JJA M M. Study on
high-temperature low-cycle fatigue behavior of the FGH96 su-
peralloy based on internal stress division[J]. Metals, 2023, 13(10):
1705.

213. [28] DING B, REN W, DENG K, LI H Q, LIANG Y C. An abnormal in-
[16] s ) ) s ) ) ) s crease of fatigue life with dwell time during creep-fatigue deforma-
tion for directionally solidified Ni-based superalloy DZ445 [J].
[J]. ,2025,32(1): 1-15. High Temperature Materials and Processes, 2018, 37(3): 277-284.
JANG A Q,HUOY M, ZHOU Z X, YANZR,HT, WANG Z Z, [29

JIH C, SUN 'Y, WANG X Y. Crystal plasticity theory and its ap-

BARTOSAK M, HORVATH J, GALIKOVA M, SLANY M,
SULAK 1. High-temperature low-cycle fatigue and fatigue-creep

—

plication to prediction of high and low cycle fatigue life of metals
[J]. Journal of Plasticity Engineering, 2025, 32(1): 1-15.

behaviour of Inconel 718 superalloy: Damage and deformation

mechanisms[J]. International Journal of Fatigue, 2024, 186: 108369.

HFIEZIR https://www. cnki. net



<868 -

FOUNDRY TECHNOLOGY

Vol.47 No.08
Aug. 2026

[30]

[31]

[32

—

[33]

[34]

[35

[t}

[36]

[37

—

[38]

[39]

[42]

[43]

H ] kY

HU X A, ZHANG Q, JIANG Y, RAO G F, MIAO G L, HE W F,
NIE X F. The effect of cyclic loading on the creep fatigue life and
creep strength of a DS superalloy: Damage mechanism and life
modeling[J]. International Journal of Fatigue, 2020, 134: 105452.
WANG M L, YANG X G, LI B, SHI D Q, MIAO G L, GUO S Q,
FAN Y S. The dominant role of defects on fatigue behaviour of a
SLM Ni-based superalloy at elevated temperature[J]. International
Journal of Fatigue, 2023, 176: 107894.

SONG X, JIANG Y, HU X A, NIE X F. Thermomechanical fatigue
and life prediction method of a precision cast superalloy with elec-
trical discharge machining drilled holes[J]. International Journal of
Fatigue, 2023, 166: 107253.

LUO LY, WANG W J, YANG Q Z, MI D, WANG X, HU X A.
Strain-controlled low-cycle fatigue behavior of a superalloy con-
sidering extensive temperature range and stress concentration [J].
Fatigue & Fracture of Engineering Materials & Structures, 2025,
48(2): 639-652.

HU X A, SHID Q, YANG X G. Thermomechanical fatigue experi-
mental study on a notched directionally solidified Ni-base superal-
loy[J]. Materials Science and Engineering: A, 2016, 674: 451-458.
SHI'Y, YANG X G, YANG D D, SHI D Q, MIAO G L, WANG Z
F. Evaluation of the influence of surface crack-like defects on fa-
tigue life for a P/M nickel-based superalloy FGH96[J]. Internation-
al Journal of Fatigue, 2020, 137: 105639.

DENG H Z, WANG L, LIU Y, SONG X, MENG F Q, YU T. Fa-
tigue crack propagation behavior of IN718 superalloy aged with
temperature/stress coupled field [J]. International Journal of Fa-
tigue, 2021, 153: 106514.

ZHANG L, WANG Y Z, YU Z W, JIANG R, BAXEVANAKIS K
P,ROY A, ZHAO L G, TIAN G F, SONG Y D. Thermo-mechani-
cal fatigue crack growth in a nickel-based powder metallurgy su-
peralloy[J]. International Journal of Fatigue, 2024, 186: 108413.
CAOLY,CHENY, SUNY L, CHENG F, DENG H W, ZHANG
Y, CHENG X, LI Z, L1 J. Regional high temperature fatigue crack
growth behavior of a microstructure-gradient nickel-based superal-
loy[J]. Materials Science and Engineering: A, 2024, 890: 145871.
ZHAO Z L, ZHANG P, LI S Z, ZHANG J, SHI W D, ZHANG C J,
LIY F, YAN J B, YANG F, ZHANG C. Fatigue-creep behaviors
of Ni-Fe based superalloy under various testing conditions [J].
Journal of Materials Research and Technology, 2021, 15: 4694-
4701.

RAI R K, SAHU J K, DAS S K, PAULOSE N, FERNANDO C.
Creep-fatigue deformation micromechanisms of a directionally so-
lidified nickel-base superalloy at 850 ‘C [J]. Fatigue & Fracture of
Engineering Materials & Structures, 2020, 43(1): 51-62.

DING B, SUN M, WANG Z P, NA T, REN W L, LIN Z Z, SHEN
Z, ZHONG Y B. Influence of temperature on the saturation effect
of creep-fatigue life for directionally-solidified Ni-based superal-
loy DZ445[J]. Materials Science and Engineering: A, 2025, 946:
149074.

PENG Z C, ZHENG Z B, WANG X Q, ZOU J W. The microstruc-
ture effect on fatigue and dwell-fatigue in a nickel-based superal-
loy[J]. Intermetallics, 2022, 151: 107740.

ZHAO Z N, SUN SY, ZENG Y, WEIJ J, FAN Z M, LU Y J,

https://www. cnk1. net

[44]

YANG W Z, LI L. Study on the anisotropic high cycle fatigue per-
formance of L-DEDed Ni-based superalloy: Microstructure, failure
mechanism and fatigue limit evaluation[J]. International Journal of
Fatigue, 2024, 182: 108202.

LI X L, LI W, LASHARI M I, SAKAI T, WANG P, ZHANG Y C,
CAIL, HAMID U, DING X M. Elevated-temperature gigacycle fa-
tigue properties of nickel based superalloy: Grain related cracking
mechanism and life prediction modelling[J]. Engineering Fracture
Mechanics, 2022, 261: 108254.

[45] KUMAR C, KUMAR P. Creep-fatigue damage evolution in a nick-

[46]

el-based superalloy: An experiment-inspired modeling approach
for life prediction[J]. International Journal of Fatigue, 2025, 195:
108872.

CHEN XM, YUY J,LINY C,HUH W, NIE LY, ZHOU X J,
ZHANG J, LU X Z. Revealing the influence of initial & phase on
high-temperature low-cycle fatigue behavior of GH4169 superal-
loy[J]. Engineering Failure Analysis, 2025, 168: 109029.

[47] LIX L, ZHANG Y C, LI W, ZHOU S Q, WANG P. High-cycle and

very-high-cycle fatigue behavior and life prediction of Ni-based
superalloy at elevated temperature[J]. Fatigue & Fracture of Engi-
neering Materials & Structures, 2021, 44(12): 3431-3447.

[48] PANG K J, HUANG Y. Fatigue life assessment of a porous casting

nickel-based superalloy based on fracture mechanics methodology

[J]. International Journal of Fatigue, 2020, 136: 105575.

[49] MID, LIAOW W, LIB C, XIONG W, LI X P, LIJ Q, QIAN Z M,

LONG X Y, JIANG C. A multiaxial fatigue life prediction frame-
work for additively manufactured K418B nickel-based superalloy
used in turbine blisks[J]. Engineering Failure Analysis, 2025, 183:
110245.

[50] SULAK I, OBRTLIK K. Thermomechanical and isothermal fatigue

properties of MAR-M247 superalloy[J]. Theoretical and Applied
Fracture Mechanics, 2024, 131: 104443.

[51] ZHANG B, WANGR Q, HUD 'Y, LI H B, JIANG K H, WEIJ M,

[52]

ZHANG H. Creep-fatigue lifetime prediction of GH720Li superal-
loy considering effect of grain size[J]. Transactions of Nonferrous
Metals Society of China, 2025, 35(3): 863-871.
GH4065A [J].
72-80.

LI L H, ZHANG J, ZHANG W Y, TIAN Q, QIN H Y, ZHANG B

,2025, 53(1):

J. Fatigue fracture mechanism of Ni-base superalloy GH4065A at
elevated temperatures[J]. Journal of Materials Engineering, 2025,

53(1): 72-80.

[53] TIAN Q, QINH Y, HE J J, GUAN X F. The effect of grain size and

anomalous shape on low cycle fatigue of nickel-based superalloy
at elevated temperature[J]. International Journal of Fatigue. 2024,

188: 108526.

[54] WENSM, LIUZ C,MID, LIB C, YANG S H, JIANG C. Reveal-

ing the fatigue crack propagation mechanism of a Ni-based super-
alloy electron beam welded joint through in-situ SEM observation
[J]. International Journal of Fatigue, 2022, 162: 106955.

[55] GU Y J, STINVILLE J C, CALLAHAN P G, ECHLIN M P, POL-

LOCK T M, EL-AWADY J A. Slip delocalization and diffusion

mediated carbide formation during fatigue of a nickel-base super-



( 08/2026 ,

<869

H ] kY

alloy[J]. International Journal of Fatigue, 2021, 145: 106077.

[56] PARNAIK A, PAVAN A H V, SILCHONOK S S, KISLOV N G,
NARAYAN R L. High-cycle fatigue behavior of Haynes 282 su
peralloy subjected to accelerated ageing[J]. International Journal
of Fatigue, 2024, 182: 108234.

[57] ZHU P Z, ZHANG Y M, DONG Z G, XU N W, KANG R K,
SHAN K, BAO Y. Study on fretting wear and fatigue fracture of
cast nickel-based superalloy K417G dovetail specimen[J]. Engi-
neering Failure Analysis, 2025, 183: 110283.

[58] QIN Z, LI B, CHEN C, CHEN T Y, CHEN R, ZHANG H, XUE H
Q, YAO CF, TAN L. Crack initiation mechanisms and life predic-
tion of GH4169 superalloy in the high cycle and very high cycle
fatigue regime[J]. Journal of Materials Research and Technology,
2023, 26: 720-736.

[59] ZHANG X, LIU X G, DENG CY, GONGB M, LI X G, LIU Y.
Fatigue life prediction of additively manufactured nickel-based su-
peralloy by integrating crystal plasticity and Tanaka-Mura model
[J]. International Journal of Fatigue, 2026, 204: 109364.

[60] FENGY F, ZHANG L, WANG Y Z, YU Z W, JIANG R, ZHOU X
M, ZOU J W, WANG X Q. Low-cycle fatigue life prediction of
powder metallurgy superalloy considering characteristic parame-
ters of inclusions[J]. Fatigue & Fracture of Engineering Materials
& Structures, 2023, 47(1): 20-34.

[61] LU J, YUAN H. Effects of creep and oxidation on thermomechani-
cal fatigue life assessment for nickel-based superalloy [J]. Inter-
national Journal of Fatigue, 2023, 176: 107873.

[62] , ; ; , . GH4169

[J]. ,2023, 59(7): 871-
883.
ZHANG L, YU Z W, ZHANG L C, JIANG R, SONG Y D. Ther-
mo-mechanical fatigue cycle damage mechanism and numerical
simulation of GH4169 superalloy [J]. Acta Metallurgica Sinica,
2023, 59(7): 871-883.

[63] BEMFICA C, NASCIMENTO V, FESSLER E, ARAUJO J A,
CASTRO F. Multiaxial fatigue of Inconel 718 produced by selec-
tive laser melting at room and high temperature [J]. International
Journal of Fatigue, 2022, 163: 107108.

[64] ZHANG W T, JIANG R, ZHAO Y, ZHANG L C, ZHANG L,
ZHAO L G, SONG Y D. Effects of temperature and microstructure
on low cycle fatigue behaviour of a PM Ni-based superalloy: EB-
SD assessment and crystal plasticity simulation [J]. International
Journal of Fatigue, 2022, 159: 106818.

[65] LIK S, WANGR Z, YUAN G J,ZHU S P, ZHANG X C, TU S T,
MIURA H. A crystal plasticity-based approach for creep-fatigue
life prediction and damage evaluation in a nickel-based superalloy
[J]. International Journal of Fatigue, 2021, 143: 106031.

[66] LU X, DUNNE F P, XU Y L. A crystal plasticity investigation of
slip system interaction, GND density and stored energy in non-pro-
portional fatigue in nickel-based superalloy[J]. International Jour-
nal of Fatigue, 2020, 139: 105782.

[67] SHAHMARDANI M, HARTMAIER A. Constitutive modeling of

cyclic plasticity at elevated temperatures for a nickel-based super-

https://www. cnk1. net

alloy[J]. International Journal of Fatigue. 2021, 151: 106353.

[68] PINEAU A, ANTOLOVICH S D. Probabilistic approaches to fa-
tigue with special emphasis on initiation from inclusions [J]. Inter-
national Journal of Fatigue, 2016, 93: 422-434.

[69] YE W Y, HOHL J, MUSHONGERA L T. Prediction of cyclic
damage in metallic alloys with crystal plasticity modeling enhanced
by machine learning[J]. Materialia, 2022, 22: 101388.

[70] ZHANG T L, SUN J Y, YUAN H. Cyclic plasticity modeling and
fatigue life assessment of the recasting material of a nickel-based
superalloy induced by laser manufacturing[J]. International Journal
of Fatigue, 2021, 147: 106154.

[71] HUANG M S, TONG J, LI Z H. A study of fatigue crack tip
characteristics using discrete dislocation dynamics[J]. International
Journal of Plasticity, 2014, 54: 229-246.

[72] ESMAEILZADEH M, QODS F, ARABI H, SADEGHI B M. Evo-
lution of the texture and microstructure in a nickel based superal-
loy during thermo-mechanical fatigue(TMF), using a modified in-
tegrated model and experimental results[J]. International Journal
of Fatigue, 2017, 105: 191-207.

[73] DUCY, CULH T, ZHANG H J. Creep-thermal fatigue behavior of
thin-walled structures with holes and a creep-thermal fatigue-oxi-
dation phase field model[J]. International Journal of Fatigue, 2025,
191: 108696.

[74] XUE F, CHENG T L, LEI Y K, WEN Y H. Phase-field modeling
of crack growth under coupled creep-fatigue[J]. International Jour-
nal of Fatigue, 2024, 189: 108577.

[75] LIU P F, CHEN Z H, XU C, DONG J X, JIANG H. A crystal plas-
ticity phase-field model for microstructure sensitive fatigue crack
growth in a superalloy[J]. Engineering Fracture Mechanics, 2024,
311: 110526.

[76] XIE R K, ZHONG X C, QIN S H, ZHANG K S, WANG Y R, WEI
D S. Predicting multiaxial fatigue life of FGH96 superalloy
based on machine learning models by considering failure process
and loading paths[J]. International Journal of Fatigue, 2023, 175:
107730.

[77] SSONG L K, BAI G C, FEI C W. Dynamic surrogate modeling ap-
proach for probabilistic creep-fatigue life evaluation of turbine
disks[J]. Aerospace Science and Technology, 2019, 95: 105439.

[78] CHEN Z Y, LU X W, XIE W Y, XIONG X J, LIU C L. Design of
digital twin system for creep-fatigue life management[A]. 8th In-
ternational Conference on Electromechanical Control Technology
and Transportation (ICECTT 2023)[C]. Hangzhou: SPIE, 2023:
137-142.

[79] YAGCI T, HOSCHLER K, PANNIER S, PITEAU J, SCHUTTE J
F K. A structural health monitoring (SHM) approach using a mul-
tidisciplinary digital twin for high-pressure turbine discs in civil
aviation [A]. Proceedings IRF 2020 7th International Conference
Integrity-Reliability-Failure[C]. Porto: INEGI-Instituto de Ciéncia
e Inova¢do em Engenharia Mecénica e Gestao Industrial, 2020:
491-502.



