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Low Cycle Fatigue Characteristics of High Strength Low Alloy Steel
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Abstract

Low cycle fatigue tests are performed on high strength low alloy steels that be developed for
submarine material. The relation between absorbed plastic strain energy and numbers of cycle to failure
is examined in order to predict the low cycle fatigue life of structural steels by using plastic strain
energy method. The cyclic properties are determined by a least square fit techniques. The life predicted
by the plastic strain energy method is found to coincide with experiment data and results obtained
from the Coffin-Manson method. Also the cyclic behavior of structural steels is characterized by cyclic
softening with increasing number of cycle at room temperature. Especially, low cycle fatigue
characteristics and microstructural changes of structural steels are investigated according to changing
tempering temperatures. In the case of PFS steels, the ¢-Cu is formed in 550C of tempering
temperature and enhances the low cycle fatigue properties
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Table 1 Chemical composition of PFS steel

C Si {(Mn| P {Cu| Ni [ Cr|Mo| Na

0.054{0.202| 0.5 |0.006{1.32|3.48 |0.58(0.48/0.036

Table 2 Chemical composition of HY100 steel

C Si | Mn P S Ni! Cr{Mo| Cu

0.180.27]|0.40]0.0160.013 {2.39|1.76|0.42 | 0.04

Table 3 Chemical composition of HSLA 100 steel

Si {Mn| P Ni | Cr {Mo/| Cu | Nb

0.075/0.26|1.08{0.017 (1.67}0.980.44| 1.03 | 0.02
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Table 4 Mechanical properties of test materials

Young's | Yield | Tensile .
Materials | modulus | strength | strength Elor(lia)non

(GPa) | (MPa) | (MPa)
PFS 450 | 218.57 | 942.65 | 981.26 13.08
PFS 550 | 242.51 | 858.14 | 895.51 14.06
PFS 650 | 241.50 | 814.91 | 858.47 14.00
HY 100 | 218.02 | 775.25 | 865.60 14.94
HSLA 100 217.49 | 680.11 | 728.94 13.60
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Fig. 1 Shape and dimension of specimen
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Fig. 2 Photo of low cycle fatigue test
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Fig. 4 Strain-life curves of test materials
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Table 5 Coffin-Manson equations of test materials

Materials Coffin-Manson formula

PFS 450

— a8 (2N) O 4 1,16 (2N

PFS 550 209247 (9 ) ~0.9% 1y 47 (2N,) 0%
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Table 6 The predicted equation of low cycle
fatigue life calculated by plastic strain

energy
Materials Plastic strain energy method
PFS 450 W,=826.00 (N,) 6%
PFS 550 AW,=1760.60 (N *™
PFS 650 AW,=912.43 (Np ™
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HSLA100 AW,=1914.41 (N) "™
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