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Fatigue fracture surface analysis of laser welded joints in 1180MPa class recycled steel
by

Nagashima Nobuo, Hayakawa Masao,
Nakanisi Noriyuki, Iwasaki Masaru, Kazuyuki Hayashi, Nakanishi Eizaburo

A laser welded butt joint was fabricated using 1180MPa recycled steel plate and a tensile test was performed.
Two types of fatigue tests using different loading methods were also performed. The tensile properties of this test
material were 1218 MPa tensile strength and 23.8% elongation, which were almost the same strength and ductility
as the base material. There were no abnormalities in the welded parts, and the joints were properly joined. The
unbreakable stress at 107 cycles of the base material (as pickled) was 450 MPa for both axial and bending loads at
a stress ratio A=—1. In addition, the unbreakable stress at 107 cycles of the bending fatigue test at £=0 was 340
MPa, which overlapped with the modified Goodman line on the fatigue limit diagram. The fatigue strength of the
laser welded butt joint was constant under axial and bending loads in the low life range of #=—1, but varied in the
high life range. The fatigue fracture surface under bending load was present only on one side and was caused by a
defect located approximately 100 um away from the surface. For £=0, the fatigue properties were in good agreement
under axial and bending loads. The fatigue limit was 250 MPa for both #=—1 and £=0 conditions. When the laser
input side was set to the maximum stress side and the stress ratio was set to £= 0 on the plane bending fatigue
testing machine, the fatigue limit was dramatically improved to 340 MPa, and the same fatigue strength as that of
the base material after pickling was obtained.
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Table 1 Chemical compositions of 1180MPa class recycled steel.
Element (wt%)

C Si Mn p S Cu N1 Cr Mo
1180MPa | 0.20 1.48 0.39 0.02 | 0.003 0.30 0.10 1.31 0.30
\Y% Nb Ti Al Sn Pb B O N
0.006 | 0.005 | 0.004 | 0.031 | 0.017 | 0.002 | 0.0001 | 0.0053 | 0.0024
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Fig.1 Result of corrected plane benging fatigue test of base
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Fig.3 R=-1 fatigue test results for 1180 recycled steel plate
laser welde




Fig.4 SEM observation results of fatigue fracture surface(R=—1, ¢.=246MPa,
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Fig.5 R=0 fatigue test results for 1180 recycled steel plate
laser welded joint material
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Fig.6 R=0 fatigue test results for 1180 recycled steel plate
laser welded joint material. For open marks, the specimen
was mounted with the engraved side facing up. For solid
marks, the specimen was mounted with the engraved side
facing down.

REEETRM (L—F AT T HEAIAAMRITH
D, EAEIZIERMES LW O RM - 570, Fig.8
2 0 a=349MPa TR L 7= 0S8 TR b L 7= 388k Fr o
T LA AR Y, ST T H B A, RE

220 p m DR X I KMEBAFFIEL TW iz, J area 1% 298
um TH5D. SNT—ZDIEHLOXITZ ORERRERK
A TFE L Tz EEE SN, ZRETL—R
BT ORI HRMEIC OV T, FFhr D KERS A = Zitk
BERTEHEDOLN TS Z ERREENTND 7 89,

REEE TN % b1 2 2B A0 e o 57 a5

(O, A, [0) TIEHDOE /NS N

~79.1X 105cyc1e|s).Maxirlnum def(lact sizeJ/ area=282 u m.

LOB701 WD23.Grm 5. OkV x15



Fig.7 SEM observation results of fatigue fracture surface (=0, ¢a=365MPa, M=3.08 X 105cycles).
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Fig.8 SEM observation results of fatigue fracture surface
(B=0, 0a.=349MPa, M=9.34 X 104cycles).
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