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Research on fatigue failure mechanism and life prediction method of
FGH96 flat plate with a hole

.1,2,3

DONG Chengli"*’, FAN Jiangbo’, LU Qiyu', SHIDuogi’, GUO Guangpingl’“*

(1. AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China; 2. AECC Key Laboratory of Material Testing and
Evaluation, Beijing 100095, China; 3. Beijing Key Laboratory of Aeronautical Material Testing and Evaluation, Beijing 100095,
China; 4. School of Energy and Power Engineering, Beihang University, Beijing 100191, China)

Abstract: Fatigue tests were conducted on FGH96 flat plates containing a hole at 600 °C. Utilizing a viscoplastic constitutive
model, the stress and plastic strain distributions within these plates were meticulously calculated. Scanning electron
microscopy(SEM ) was employed to analyze the fatigue failure mechanism. Based on SEM observations and the geometric attributes
of the FGH96 plates with holes, the critical fatigue damage and stress concentration coefficient were defined. Subsequently, the
CDM (cumulative damage model ) was refined accordingly. The findings revealed that, in comparison to conventional fatigue life
prediction techniques, the revised CDM model, which incorporates critical fatigue damage and stress concentration coefficients,
exhibited enhanced prediction accuracy for the fatigue life of FGH96 flat plates with holes. Notably, all prediction results fell within
a %2 error band.

Key words: flat plate with a hole; fatigue; failure mechanism; life prediction; cumulative damage model
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Table 2 Experiment matrix
Project Loading scheme Load/kN Stress amplitude/MPa Mean stress/MPa Stress ratio
1 Load 0.5s, unload 0.5s 23 297.5 328.8 0.05
2 Load 0.5s, unload 0.5s 28 362.2 400.3 0.05
3 Load 0.5s, unload 0.5s 33 426.9 471.8 0.05
4 Load 0.5s, unload 0.5s 38 491.6 543.3 0.05
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Fig. 3 Cyclic stress-strain curves of FGH96 alloy (a)R=0.05; (b)R=-1



$24

FGHO6 5 4 FLP- B 55 < SO K A i T 75 vk 0F 9 105

WG ER R J7 - AR i 2o b o SR (A, R
THEAE . THES5 R 3 WP 0 FH 0 25 28 M A g A A4
XFF FGH96 £ 4 BRI 77 -0y A8 1t Ze A% T35
ZEAEI 10%, Hr, tHXHERZE AT

m

error = $ 1700~ 7] 1 o

i=1 Texp n

s m AR SAEL 0wy T o 739000 SEBGELFN
ARG

K FH ZH U8 R AR R B R B 23 kKN B A
FGH96 &4 1/4 w7 fLFAR N g AR, aniEl 4 s .
TH S5 R KM, FGHY6 & 44 fLF- AR Ki=3 17

(a) S, Mises
(Avg: 75%)
1.442%x10°
1.323x10°
1.204%10°
1.084x103
9.649x10?
8.456x10?
7.263x10? o
6.070x10?
4.877%x102
3.684x10?
2.491%x10?
1.298%102
1.055%x10

FLPAR R Fy A b fr AT, S TR Ty
)R A AR A . LA RIS £ (4 00, FGHO6
G LT ARG 1 B BBk 2.49. ILAR, A%
TR S B AL, FGHO6 & & FLPAR LA f
(AR B R A TP 7T A2 AT, DL, o7 Sy g e
137 B 5 B A 1 B IX

FGH96 & 4 77 L - M 9% 57 75 iy 5L 46 45 5 a0
5 . th LR ST, FGHO6 4 4 LT
WA 55 5 Gt AR TAREIRAE, (075 AR 71 580,
R IEA AR . M EF K=3 1058 55 7 fir 45
FGHO6 4 4 LV H2 1 5 i (i 1, ik 5 107 14 rh s
DILIES

(b) SDV26
(Avg: 75%)

4.209%1073
3.854x1073
3.499x1073
3.143x1073
2.788x1073

2.433x1073
2.078x1073
1.723%107®
1.368%x107°
1.013%107°
6.579x10™
3.028x10™*
-5.226x107°

Bl 4 23 kN 1 Mises i I AEHESPENAE  (a)Mises i 15 (b) AETHPER AR

Fig. 4 Mises stress and inelastic strain at 23 kN (a)Mises stress; (b)inelastic strain

22 WROS#T

I 55 F W A AT BR T TR T AR AR 1 =
JIIX, W 6 fitas o BiRA% G i 9 55 W 102 3 R A
A, 52 55 TR E A AT (15 K H SUIR G A B T A2 R
LM o BRILZAb, Bt X9 55 4 i DX 114 1 AR [+
FEP= AR o Bl AR BT B3 K, I 55 R X B s
N, BEWT DY LA M G R . T 25 9 e X T AR
P 57 W0 UIAR G, PR AT LLGE i SEM UL 28 2
8 Sl B S5 85 o

1200

1000

— }(t = 3,l
standard

600 = K =1, "

standard

= Experiment Tt

108 104 108 108 107
Prediction life/cycle
K5 FGH96 & <l LV M 55 A7 i
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