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The Influence of Temperature on Low Cycle Fatigue Behavior of Prior Cold
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Abstract

Tensile and low cycle fatigue tests on prior cold worked 316L stainless steel were carried out at various
temperatures from room temperature to 650°C. Fatigue resistance was decreased with increasing temperature
and decreasing strain rate. Cyclic plastic deformation, creep, oxidation and interactions with each other are
thought to be responsible for the reduction in fatigue resistance. Currently favored life prediction models were
examined and it was found that it is important to select a proper Jife prediction parameter since stress-strain
relation strongly depends on temperature. A phenomenological life prediction mode! was proposed to account
for the influence of temperature on fatigue life and assessed by comparing with experimental result. LCF
failure mechanism was investigated by observing fracture surfaces of LCF failed specimens with SEM.
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Table 1 LCF parameters of 17% CW 316L stainless steel at various temperatures

. ' ' ’

T(i‘é‘;’ o) (MPa) b £/ (%) ¢ K' (MPa) " (cy‘j;es)
RT 1015 0.077 14.6 0.430 1078 0.148 5503
200 774 0.086 13.6 0.435 883 0.166 8795
400 808 0.089 18.1 0.506 777 0.132 2731
550 820 0.098 14.5 0.515 829 0.141 1319
600 690 0.085 16.0 0.538 727 0.131 1266
650 640 0.096 14.2 0.522 714 0.149 1743
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Fig. 5 A comparison of the plastic and elastic fatigue resistances for material subjected to six different

levels of temperature

Table 2 Material constants in Morrow model

Temp. RT 200°C 400°C 550°C 600°C 650°C
m 0.531 0.558 0.622 0.639 0.666 0.645
C 346 278 333 268 281 218
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Table 3 Material constant, C in Eq. (5)

Ag, 12(%) 03 0.4

0.5 0.6 0.7 0.8

C 0.00174 0.00158

0.00152 0.00117 0.00116 0.00109
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(a) Crack initiation on the fracture surface border
(Ag, =+0.6%, £ =1x107 /5, 400°C)

(¢) Fracture surface near the crack initiation site
showing similar figure as (b)

(Ag, =40.6% , & =1x107 /5, 200°C)

(b) Fracture surface near the crack initiation site
showing transgranular crack propagation with
fatigue striations ; the same specimen as in (a)

(d) Fracture surface near the crack initiation site
(Ag, =+0.6% ,£=1x107 /s, 650°C)

(e) Fracture surface near the final fracture showing
increased striation spacing and secondary cracks ;
the same specimen as in (d)

Fig. 12 Fracture surfaces of the fatigue tested specimens
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