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Magnetic Characterization of Creep-fatigue Damage
for Energy Structural Materials
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Magnetic characterization of creep-fatigue damage for welded specimens of austenitic stainless steel
(SUS316FR) and high-chromium steel (Mod.9Cr-1Mo) steel was performed using magnetic force microscope
and Hall sensor. In SUS316FR volume fraction of d-ferrite at weld metal region decreased by creep or
creep-fatigue and the remanent magnetic flux density at weld metal region also decreased. In Mod.9Cr-1Mo
steel magnetic characteristics at weld metal region were different from those at base metal initially, however,
during creep or creep fatigue the difference of magnetic characteristics between welded metal and base metal
became small. It was found that the degradation mechanism for these energy structural materials during creep
or creep fatigue could be clarified by magnetic characterization techniques.

Keywords: Magnetic characterization, austenitic stainless steel, high-chromium steel, creep-fatigue damage,

magnetic force microscope.
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Fig.1 Shape and dimensions of welded
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Table 1

Durability test conditions for
SUS316FR welded specimen

Specimen No. Temperature | Durability test | Duration time
Specimen 316-A — As-received e
Specimen 316-B 550°C Creep 285Mpa, 190k

315MPa,44h
Specimen 316-C 550°C Creep-fatigue 300MPa,98h

285MPa,582h
Specimen 316-D 550°C Aging 190h

Table 2 Durability test conditions for
Mod. 9Cr-1Mo steel welded specimen

Spécimen No. Temperature | Durability test | Duration time
Specimen 9Cr-A —_ As-received —
Specimen 9Cr-B 550°C Creep 530Mpa,449h
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Fig. 2 Remanent magnetic flux densities around
weld metal for SUS316FR welded specimens
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Fig. 3 Magnetic force microscope images at
weld metal of SUS316FR weld specimens
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Fig. 4 Relationship between volume fraction of
d-ferrite, magnetic flux density and strain at weld
meta for SUS316FR weld specimens
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(a) Specimen 9Cr-A (b) Specimen 9Cr-A
(Base metal) (Weld metal)

(a) Specimen 9Cr-B (b) Specimen 9Cr-B
(Base metal) (Weld metal)
Fig. 5 Magnetic force microscope images of Mod.
9Cr-1Mo steel welded specimens
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Fig.6 Magnetic force microscope measurement
under magnetic field.
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Fig. 7 Changes in micro magnetic characteristics
during creep for Mod.9Cr-1Mo steel welded
specimens.
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