B 3¢5

AR LA, LA, HE R, FL MG ) 4 INTIS K 5 A 9 TN % B AF A [J]. At 2 #) i 3 K, 2026, 69(19):
25010180.
YAO Zhehe, WANG Fabo, XIE Zhiwei, et al. Study on low-cycle fatigue life prediction methods for laser additive
manufactured IN718 alloy[J]. Aeronautical Manufacturing Technology, 2026, 69(19): 25010180.

AFEIBIA IS IN718 (KRR ST T an Tl 77 iR W 32

whEERE 0, ERE SRR, ROEA IR — 08 Y B kA
SIS EEE 0, Pk
(1. ¥ Tk K 58Ok e 3E ) & AP 2 1%, A0 310023
2. W T K S AR TA2F I, AL 310023 ;
3. B O i A G AR R ) P s AT 310023
4. A AR B A 42 T R A PR 8] A 310015)

[(FE] SR BEH%) % Inconel 7T18(INT18) A& M EALE X AHWF Z 3 K& T BA T 2 8 A H = 12 R it 42 P
0 ZFRA B 5 R AR FAK B IR 7 AT A BB R R T AR AR A, BOLA SR 5 A e B R TR R 2 PR, AT ATIX
— 918, M IR A B ) % ve %9 Tanaka-Mura-Wu(TMW ) J& 37 & 445 EEAE A KA B34 B A S 2 2422 75 ok %
AL ) A RO AR X FINAE R G R4 K3 A Rk W, TR e A2 Ao i Ay 42 AR5 BTG X, R R A 2 &
P o B ) 42 R A KB BB IR E T A A A . Kendall's tau # R A KA 35 B ) 5 X ARG 3 A 6 ) A B3
RANK K R EREIEHEMHT A EERFN &5 T 245% 2% A, MBE T TMW 5 Morrow 14 iE 49 Manson-
Coffin(M-MC )& | A 3R 45 SEAE A 6 34 77 4% £ (Root mean squared error, RMSE) A KAKR T 91% 5 48%; /£ i 1 4%
F &AM T, P15 EAE A RMSE{A 4848 T TMW 5 Smith-Watson-Topper 14 iE 49 Manson-Coffin(SWT-MC ) ££ & 4K 7
58% 5 66%. AR LERKR A A D I AFHOS TR XTI TMW I 57 & A 4k 4% A 23R FHIR 57 A 4 0 Tl
AEJE A B B AR 5 R AR BRI o7 A A 04 B kR R TR B R 57 RO R ABE T B IR 48

KR MORIG AR 2 AR I 5 s S A A AR A A INTILS

hE 4 HE : V261;TG178 AR : A DOI: 10.16080/j.issn1671-833x.25010180

SR BB AR A INT18 [ EIMEHT T AP BRI AR

PhEE
MRS, BLESH, HARAEH
BEAE B ELHIE,

32 FiAEHEEIAR - 2026455694 5191

HA R4 m iR e ae™, 7z i 1
fiias A shBLim A 2 R be 5 S 7 25
SRR FOEHIM s EOR
T i 5 HAT AU ) S 2R M D7
T RA BB, i K sl %
Aty ) o A2 R T AR ke 4R
SR, PO CHE R T A DR
5 IR U R A A S
HARRALBE BRI , R 7R 2

PR A XTI 5 4 SRR
XA R 57 VERE BAT 2 5,
T FOCHE A ] 3 1A 8 57 7 i T
AR E TERN S AR

S BREOCHE A E 4 Jm A 1
I 55 77 i (0 ERR T, 1 N Ah
ISR LR BB B ) T 2 Rl 55 75
i TN 7 35, T AL A e U
B By AR A K B i VA AR 1

Kim B EA: 2025-12-02; iB1E HHA: 2025-12-15; A BHI: 2026-04-16
EEWE: HF HAREHA (52575461, 52175443 ) WL T ML AR 55 235 H

(RF-A2023008)

BIEIERE: Bkl Hopz, WibAESIm, Ohedrm ok m i .



B i 3¢5

FRAEAY b OB Y 32 2 H T
DA g Sy 2 9% o5 R Akt R L
U1 DN 731 N i R g TN G 2 g
SLER BRI 5T A Z A OC R
Murakami” $& H (1) 5 T it [ 1% 52
TR 9 57 75 Ay T00 7 48 7 1 s
X 9% 55 75 i 1) 52 W L] ; Yamashita
SESIESIE T AR X b i INT 18
G A naE HYE R R pE A
AT ARXT R AL EA T TIEIE . 4R, 1%
A3 B R SR o5 AR
TN 1R S50 RSO G A R A
95 55 Fam A T AAAE R BR . ey
Jr A RS0 AR S Y AT
R AR 57 A AL R S T
80y BB T 9% 55 ) A
Wu Z5EC15 | A& 1E ) Goodman #5515
R 9 57 1% B Bt - 22 107 T A A ek
Al M T AL RSN I A5 S 4
UK Bh FREAY ; Jones %V R T OG
b 4 3 INT18 1 IN6G25 A R a0y
JBAT MIF5T , R Schwalbe %4 £ 3K
Bl 1ok RAER LY A
Schwalbe J¥% 57 [ {4 -5 1) 25 Wi 24 ) 1
TR T A R ih 26 o3 ok i AR
o BRI XSy 0 DL sy e
TR AT G MO 248 {5 W
SNSRI R, i AR
A% 57 2640 S 9 55 F w32 L
B A= B B AR R SR AR s Y %
AN TE Al AR R 98 55 5 i
T

e ik 5 B B AR AL E o 5 |
AN AR BB | BBt FE Bk i 05 Ak
SRS 57 R A, A BT
H YL 5 % B PE . Raghavendra
SR P N AR RE R B T —
A FH T4 b ] e e s A R 9 55
iy PO P8 FH ik, OO 2 A9 57
N SR REK S A R
H IR /N T 10%; Yang 25 5T
TMOGE X IR AISi10Mg &4 1E7E
IINER T B99% 55 Be s AEHA T, X el
PN JEE 45 R 57 451 15 | S 1Y) g 1
BT T 508 il 5 | A 571543

8 A ARE & S B T 4 A 3 ALSE Mg
B a5 AR R HE T . AR T
B P BB RN S0y AR | e
TR A SRAEAE PR 88 1 AR Y 3 3 AR
JEV 57 47 S T B A T I A
H. 1 | Tanaka—Mura—Wu (TMW ) 5
FRICSIIE P (37 8 Mk FRUMIL A1) 0 %7 7 R 28
FEFRYE , I ROURAR 7 38 £ £ ik
57 P00 A R A DU AR REAE A
K 25, REE A SR G ¥
PEASIE £ 5 554 T 099 55 15100 R AR
1728, PUTTAE SRR R 98 57 F e £k
J7 AT R

i 58 26 BIOG 3G b4 il i #4 F
BRAIN 1 FL2s ) o A 200, T
O 57 F i A R G AR B
TA A I 52 M PO G A ) 3 0 0 55
T EZE R, L AENS 57 A5t T
AR R v o A S AUE % A% I T 1) 5 )
S i TOONORS BE Y OCHE . B T
WEFR AN F15 | I 5 F i T = 22
AP 2 — R AR RO 4
TR AT A A, R A
WoE U IR k=9 B E T e X ]
IR J3 43 B HR R AR AR
JIEAR AT E Y N T, ME LIS HE
BB AR N TR 55 T R 2L 5 )i
WA 52 = (R 5 A 7 T S T v 5 8
AT R, AR AR

BEX E AR R, AR SCR SR AR N )
A SR AR BT B A TMW
I 55 T AR AR A S
S BB ] 1 INT18 & 4 iR 8 9% 57
7 PN ASE Y, SR FH VO3 4 1 1
IN718 A 4 1Y I A8 45 il 5 1 g 4 il
TR 2 9% 57 1 36 5 M X8 IE R R R A T
TIUE, I oo B S5
R 15 22 (RMSE) %t e 40 B T 48 1F A
AU T 8

1 EEHFREERE

L1 HRMNSEFFaEXE
ST
I FEHOLIE B i INT18 &
EFRARIN ) SR 8 55 75 i A O

1 BREHFEINTISEEHRISH
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life at three different strain amplitudes
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Table 2 Mass fraction of chemical compositions of IN718 nickel-based superalloy %
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Table 3 Laser cladding process used in the experiment
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Table 4 Test results of residual stress MPa
|

DS o, 9%
1 93 333
2 -41 -79
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Table 5 Test results of strain-controlled

fatigue
A% ?E‘f%ﬁ_\‘z’}r: PAEF%EZ’}E W T
/% &/% | fiv/cycle
0.30 0.294 0.006 20488
0.30 0.294 0.006 19034
0.30 0.293 0.007 13860
0.30 0.292 0.008 9517
0.45 0.325 0.125 7516
0.45 0.325 0.125 6315
0.45 0.356 0.094 6272
0.45 0.349 0.101 4854
0.45 0.335 0.115 4029
0.45 0.329 0.121 3758
0.50 0.386 0.114 6109
0.50 0.377 0.123 6026
0.50 0.324 0.176 5526
0.50 0.382 0.118 4733
0.50 0.337 0.163 4642
0.50 0.373 0.127 4061
0.50 0.344 0.156 3993
0.50 0.379 0.121 3978
0.50 0.357 0.143 3793
0.50 0.375 0.125 3595
0.70 0.373 0.327 3334
0.70 0.371 0.329 2768
0.70 0.377 0.323 1670
0.70 0.373 0.327 1667
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Table 6 Test results of stress-controlled

fatigue
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570 0.276 0.006 65105
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Table 7 Calculated values of fatigue
coefficients for IN718 alloy'™!

w/GPa w/(J/m’) b,/(107" m)
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Table 8 Parameters of the M-MC model
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Fig.7 Fatigue life prediction results under strain-controlled loading
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[ABSTRACT]
equipment such as aerospace engines; however, the high residual stresses introduced during the manufacturing process

Laser additive manufactured IN718 alloy components shows great potential for applications in high-end

result in low-cycle fatigue behavior that differs significantly from that of conventional wrought or cast counterparts,
thereby limiting the prediction accuracy of existing fatigue life models. To address this issue, a residual stress corrected
Tanaka-Mura-Wu (TMW) fatigue life prediction model is proposed. The equivalent energy approach for mean stress
correction is employed to introduce residual stress into the damage driving force expression in the form of equivalent strain
energy, resulting in two correction formulations for strain-controlled and stress-controlled conditions. The validity of the
modified model was verified using fatigue test data under both loading modes. Kendall’s tau coefficient revealed a
significant negative correlation between residual tensile stress and specimen fatigue life. Under strain-controlled
conditions, all predicted data points of the proposed corrected model fall within the twofold error band, and the root mean
squared error (RMSE) value is reduced by 91% and 48% compared with the TMW and the Morrow-modified Manson-
Coftin (M-MC) models, respectively. Under stress-controlled conditions, the RMSE value of the proposed corrected model
is reduced by 58% and 66% compared with the TMW and the Smith-Watson-Topper modified Manson-Coffin (SWT-MC)
models, respectively. These results confirm that incorporating residual stress into the TMW fatigue life model in the form
of equivalent strain energy can effectively improve prediction accuracy, providing a theoretical basis for high-precision
LCEF life prediction and anti-fatigue design of laser additive manufactured Ni-based superalloys.

Keywords: Laser additive manufacturing; Low-cycle fatigue; Fatigue life; Residual stress; IN718
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