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Nondestructive Evaluation of Deformation Substructure in Fatigued SM490YA Steel Using Magnetic Measurement

Kou Y AEGASHI, Yasuhiro KAMADA, Jun-ichi ECHIGOYA, Katsuyuki ARA, Yoshiaki SAKAL and Seiki TAKAHASHI

Synopsis : Relation between magnetic properties and fatigue substructure in fatigued SM490YA steel was investigated. Coercive field H, was sensitive

to dislocation density, rapidly increased with increasing number of fatigue cycles at the initial stage and reached in a saturation at the middle

and last stages of metal fatigue. Coefficient of magnetic susceptibility, ¢, increased over all stages of the fatigue tests and was sensitive to

degradation in comparison with H,. These magnetic-structure-sensitive properties would be useful for nondestructive evaluation of fatigue

damage in low carbon steels.
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Table 1. Chemical composition of SM490YA steel.

C Si_ Mn P S Fe
0.17 0.35 1.44 0.015 0.03 bal.

wt.%

80
30

unit: mm

Fig. 1. Shapes of samples for (a) fatigue testing and (b)
magnetic measurement.
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Fig. 2. S—N line of SM490YA steel under stress frequency
of 5Hz.
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Fig. 3. TEM micrographs of SM490YA steel (a) without
fmgueandwnhw)lem (c) 3X10% (d) 7x10%
and (&) 9X 107 cycles.
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Fig. 4. Dislocation density in SM490YA steel fatigued at
472 MPa.
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Fig. 5. Vickers hardness for SM490YA steel fatigued at
472 MPa.

FERRME PR E N T B EAIE, YA NE LU,
KN TR B 43 R$ 7=

VI EOtiks & L IR oN - EEDH 1 2 L KIK
FH % Fig. 4127 F ., ABOERAEE L, EHFFHIT 70X
0°ecm 2 Tdh - 724, 2x10°H 4 Z L FEH %1213 1.4X10'°
em T ETEBUICHEML, ZO#%ANLE, KEBRTOE
TR TIDBRICHUETH B2 L 5E2 5L, EXVIHD
BTN EREOEIE, VIR TOMEERIZLD %
BOEMNA—RRICEAINEZZ L ERL TS,
TAZGERE DY A4 7 LBURLENE % Fig. SISR T, 2x10° 4
AONEFFTDHE, HEIEH, 182456 195 £ TRBUCHEL
L, ZOHIXI0*H 4 2L & THERLIZHEIL LT3 LS
t%%héoﬁ%%@@@mm,ﬁﬁwﬁc;é%mwﬁ

ISERT 5 &AL SN, ENEE OB LB (Fig. 4)

ti<—ﬁbfu50
4.3 BHFERICLIBEBRIMEOZEIE
W7 &M A 7= O R L b % Fig. 6
FEH L s O LR Iz 50 T

IR Y,
PRI

TRTD
Hox g

873



5 674

$ & $M  Tetsuto-Hagané Vol. 89 (2003) No. 8

20 x10 '
= 15F
5
{5’ 10F ,," 2x10" cycles ]
E: 5 {5 x10" cycles
‘B i ;' 9x10* cycles )
5 /
o f
%
=
= 4
L2
3 -
2
p= i
.20 L L
-100 -50 0 50 100
Magnetic field (Oe)

Fig. 6. Hysteresis loops for SM490YA steel without fa-
tigue testing and fatigued at 472MPa to 2X10%
5x10% and 9x10* cycles.
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Fig. 7. Coercive field as a function of number of fatigue
cycles N for SM490YA steel fatigued at 472 MPa.
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. Differential magnetic susceptibility of SM490YA
steel fatigued at 472 MPa.
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Fig. 9. Coefficient ¢ as a function of number of fatigue cy-
cles N for SM490YA steel fatigued at 472 MPa.
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Table 2. Changes of dislocation structure, dislocation density, hardness, coercive field, and coefficient ¢ with increasing of number
of fatigue cycles, for SM490YA steel fatigued at stress of 472 MPa.
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4 4 4
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