Trans. Korean Soc. Mech. Eng. A, Vol. 40, No. 12, pp. 1027~1035, 2016 1027

<stsE=E> DOI http://dx.doi.org/10.3795/KSME-A.2016.40.12.1027 ISSN 1226-4873(Print)
2288-5226(Online)

X AlO|E I Z2FIE=E = 316L AH[Cl2| AL
I |

hu
>
(i
AN
1x T
a0
=2
Al

Fatigue Life Analysis and Prediction of 316L Stainless Steel Under Low
Cycle Fatigue Loading

Hyeong Oh’, NohJun Myung and Nak-Sam Choi”
* Dept. of Mechanical Engineering, Hanyang Univ.

(Received June 1, 2016 ; Revised September 6, 2016 ; Accepted September 11, 2016)

Key Words: Low Cycle Fatigue(*]A}o]S 3] ) Mean Stress(H 17-5-), Stress Relaxation(-5-2 ©]¢}), Strain
Energy Density('H & & YA E &)

=
>
k)
o,
k)
>
o
1o,

A7) Mg EA] d2Adel A 37k4] ¥

=5 WA 71AA sl 53 316 A
FE S S AP EN Al A

FEXNZ 3714 AP ENY 2o FJEFH nA= adE T4

o] A9l FHHE Masing Aol e, =2 HIEHRYANA vdPdAS SHAL A= IA H
©]1}+= non-Masing 7153 &4 H&= o A7 et 24 WP EAUAE o] &3t AF7] 7
25 9E o538k non-Masing 755 1183 FHAS HHY A AFE HESIGIH 77+ W
EXZ AP EN Y oA 27| F AtolE B WS AN & FAIEESE ARIA o= vholA
Astettirl 93 =k ArlolE HRZFHE o] o Fety] HsiAe WP EIF wEt Masing 2
non-Masing 7155 F3tal, o]E Wt A SAS HEEor S LUt

Abstract: In this study, a strain-controlled fatigue test of widely-used 316L stainless steel with excellent corrosion
resistance and mechanical properties was conducted, in order to assess its fatigue life. Low cycle fatigue behaviors
were analyzed at room temperature, as a function of the strain amplitude and strain ratio. The material was
hardened during the initial few cycles, and then was softened during the long post period, until failure occurred.
The fatigue life decreased with increasing strain amplitude. Masing behavior in the hysteresis loop was shown
under the low strain amplitude, whereas the high strain amplitude caused non-Masing behavior and reduced the
mean stress. Low cycle fatigue life prediction based on the cyclic plastic energy dissipation theory, considering
Masing and non-Masing effects, showed a good correlation with the experimental results.
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Table 1 Chemical composition of 316L stainless
steel(wt.%)

C Si Mn P S N C Mo Cu N
0.027 04 1.79 0.029 0.026 10.08 17 201 0.57 0.054

50 12 33.2 12 50
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Fig. 1 Test Specimen geometry for low cycle
fatigue [mm]
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Table 2 Mechanical properties of 316L stainless

steel
Ultimate Yield Young’s Strain  Strain
strength strength modulus  at yield at break
(MPa) (MPa) (GPa) (%) (%)

675.35+12.23 547.75+18.63 175.28+2.00  0.51 59.41

Ok\ 6m 500 (M) 100um

Fig. 2 SEM image of 316L micro structure
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Fig. 4 Stress amplitude and mean stress as a
function of the number of cycles
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Table 3 Cyclic and low-cycle fatigue properties

from R, =—
Cyclic strain hardening coefficient,
. 910.12
K (MPa)
Cyclic strain hardening exponent, n 0.137
Fatigue strength coefficient, oy 547.67
Fatigue strength exponent, b -0.046
Fatigue ductility coefficient, & 0.066
Fatigue ductility exponent, c -0.368
£
= ;
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Fig. 6 Stress-strain hysteresis loop plots after
saturation with matching lower tips at strain
amplitude ranging from +0.3% to =+0.8%
(R.=1)
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Table 4 Comparison of experimetal and predicted
fatigue life for different approaches

Strain ~ Strain  Experimental Predicted failure life

ratio amplitude failure life Non-Masing Masing
0.003 58,648 53,107(-9.4%) 55,760(-4.9%)
-1 0.005 2,321 2,235(-3.7%) 2,347(+1.1%)
0.008 519 526(+1.3%)  559(+7.7%)
0.003 40,571 35,773(-11.8%) 37,740(-7.0%)
0 0.005 2472 2,303(-6.8%)  2,426(-1.9%)
0.008 633  628(+0.8%)  660(+4.3%)
0.003 24,153 22,008(-8.9%) 23,066(-4.5%)
0.5 0.005 2,243 2,155(-3.9%)  2,254(+0.5%)
0.008 534 530(-0.7%)  553(+3.6%)

Crack
propagation

SEM HV: 150k\.l" * WD: 15.26 mm
SEM MAG: 20 x Det: SE

SEM HV: 15.0 kV WD: 16.68 mm
SEM MAG: 20 x Det: SE

(b)

Fig. 9 SEM observation of the fracture surface : (a)
R,=—1, £,=03%, (b)R,=—1, ¢,=08%
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Table 5 Comparison of EDX results (wt.%)

iy (a) (b)
Compositions
B A B

C 2.07 0.86 1.20 0.86

Mo 0.94 2.52 6.16 2.54

Ni 9.54 11.94 - 11.67

Cr 20.27 17.87 18.24 18.56

Fe 67.19 66.81 74.40 65.83
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