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Magnetic Property Change of SUS304 Stainless Steel
at Initial State of Fatigue Damage in High Temperature Environment
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Developing a precise nondestructive estimation method of material degradation before crack initiation will
contribute to enhancement of safety and economical efficiency of a fast breeder reactor plant. Magnetic
property is expected to be an effective indicator. In this study, fatigue tests on SUS304 stainless steel at
650°C were conducted until transition hardening region, 25% and 50% of the number of cycles to fracture
and the distribution of magnetic flux density from each sample was measured to reveal relationship between
magnetic property and initial fatigue damage in high temperature environment. As the number of cycles
increased, local changes appeared in the distribution of magnetic flux density and its maximum value
increased linearly. In addition, magnetic Kerr effect microscopy observation showed that microscopic
magnetic phases were induced in the samples. It was confirmed that the number of the magnetic phase
increased and its size became bigger as the number of cycles increased. These results showed the possibility
of nondestructive estimation of material degradation before crack initiation by a magnetic method.
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Table 1 Chemical composition of SUS304 Stainless Steel

used in this study (mass%)
C Si Mn P S Ni Cr

005 | 057 | 0.86 | 0.027 | 0.002 | 8.92 | 18.43
% ° g
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OSample No. Sample No.
25
b 2 : g
y
C D
Measurement Area of
Magnetic Flux Density
20 20
160

Fig.1  Geometry of a specimen.

Table 2 Conditions of Low-cycle fatigue test in

high-temperature environment

Temperature (°C) 650
Atmosphere Air
Total strain range (%) 04,07
Strain rate (%/s) 0.1
Strain waveform Triangular
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Table 3 The Numbers of Cycles to Finish Fatigue Tests

£=0.4% £=0.7%
Transition hardening Region 100 54
~1/4Nf 14910 1204
~1/2Nf 33005 2405
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—a— 1/4NJ0. 7%)

Total Stress Range / MPa

100

Number of Cycles

Fig.2 S-N Curves.
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Fig.3 Subtracted Distribution of Magnetic Flux Density
(Total Strain Range : 0.4%).
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Fig.4 Subtracted Distribution of Magnetic Flux Density
(Total Strain Range : 0.7%).
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Fig.5 Direction of Magnetic Line of Force
due to Local Magnetization.

Table 4 Standard Deviation
of Subtracted Magnetic Flux Density
£=0.4% £=0.7%
Transition hardening Region 0.00008 0.00033
~1/4Nf 0.03819 0.02911
~1/2Nf 0.06292 0.04733

® £ =04%{Front Side)
© & =04%(Back Side)
4 g =0.7%(Front Side)
A g =07%(Back Side)
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Fig.6 Number of Cycles vs. Maximum Value of
Subtracted Magnetic Flux Density.
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Fig.7 Magnetic Kerr Effect Microscopy Results on

Fatigue Test Samples under the Total Strain Range of 0.4%.
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