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Effects of Nd:YAG Laser Welding Parameters on Fatigue life
of Lap Joint Structure in Stainless Steel

Yong Kim* Hyun-Seok Yang* Ki-Young Park* and Kyoung-Don Lee*

*Institute for Advanced Engineering, Yongin, Gyeonggi-do, 449-863, Korea

Abstract

Spot welding which use the main process for side block production of stainless steel railway vehicle is
legged behind in laser welding about a quality and productivity. Although the laser welding has many
potential advantages such as low heat input and aspect ratio of weld bead, its application to a new
structural component still is required many engineering data including mechanical properties such as tensile,
fatigue strength, etc on. Therefore, experimental analysis was carried out to understand the fatigue
phenomena of different thickness stainless steel overlap joining panels by Nd:YAG laser welding. The
fatigue life curves were obtained through fatigue tests with the various levels of applied load. The fatigue
life is related with the parameters such as gap size and penetration depth through experiment. As the
results, tensile strength and fatigue life were proportional in heat input level and gap was identified the
major factor for fatigue life. Also we could know that deferent &-ferrite content at HAZ depend on
welding heat input was important factor to determine a formation of initial crack and total fatigue life

cycle.
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Table 1 Chemical composition of STS 301L

Material C Si Mn Ni Cr [Others
% <0.03| <10 | <2.0| 6~8 |16~18|<N2.0

Table 2 Mechanical Properties of STS 301L

vs T.8 E.L
Materi
aterial | by | (MPa) (%) Hv
STS 301L| 215 550 45 <200
70

AW 2 FFE 15L/mine 2 3. 823
& JHAPE S B3l FE 89 Hot s VgL
2 0.3 0.6 € 0.9mm7} IE= slger 1 &5&
Y7y 5.0, 4.2 2 3.4m/minE YERTE o] A 71X
SHEA gl 42 o] gl B Aol 0.1mm
EAste Al AZsRen Z 2o s 2HE
2 838kt

EHE AEe # AT QRANE 20, FZAIE 30
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-HALEE st 8 e BYFe
2 AHgEe WE9 0.2% LA FEAE(offset
yield strength)& Fatvh. d¥e 7z §3=4d %
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2 3%, 71E3dt.

H2ZARY As, Y A4 IAZ31F(stress
controlled fatigue loading) ¥l TAIelE FZA]
BE 9o, 1% WEAAsS ez &gl

Table 3 Test specimen conditions

Specimen Vziligg gap Depth Width
No. (m/min) (mm) (mm) (mm)

1 34 0.89 1.15

2 4.2 0 0.60 1.12

3 5.0 0.32 1.04

4 34 0.88 1.16

5 4.2 0.1 0.62 1.12

6 5.0 0.34 1.04

P: Tensile load

Partial Penetration

Fig. 1 Specimen for tensile-shear and fatigue test
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Table 4 Applied fatigue load level conditions

Test No. Fatigue level (%) Test value (N)
1 70 3,500
2 50 2,500
3 30 1,500
4 25 120
5 22 1100

REEEE - AR B26% H19E, 2008F 24

1
No gap 4*‘*' —» Gap 0.1

W Peak Load
¢ Yield Load

Load (N)

3.4m/min  4.2m/min  5.0m/min = 3.4m/min

4.2m/min  5.0m/min

Welding condition

Fig. 2 Results for Tensile-shear load depend on
welding parameters
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Fig. 3 Specimen after tensile-shear test
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Fig. 4 Relationship between fatigue life and
penetration depth on no gap condition
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Fig. 5 Relationship between fatigue life and
penetration depth having gap 0.1mm
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Fig. 6 Relationship between fatigue life and
penetration depth depend on load level
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Fig. 7 Variation of fatigue life depend on depth
and load at no gap condition
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(b) &-ferrite distribution

Fig. 8 6-ferrite distribution on HAZ of laser
welded for STS steel
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