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Abstract: Austenitic stainless steel is used in the nuclear industry as structural materials and coatings
because it has excellent workability, weldability and high temperature characteristics. Nuclear power plant
structures are mainly large structures manufactured using welding which is mainly arc welding. Arc
welding is a welding method with relatively high heat input. Austenitic stainless, however, steel requires
low heat input because it has high thermal expansion coefficient and lower thermal conductivity than
that of carbon steels. Over heat input may cause various welding defects such as severe deformation
and coarsening of the grain in the joint, which may result in deterioration of the mechanical properties.
Recently, laser welding has been proposed to solve the problem of heat input. In this study, the
thickness of 6 mm STS304L of austenitic phase was butt welded using laser and TIG, and mechanical
properties were compared and analyzed. Joints of laser welding show better tensile and impact properties
than that of TIG. However, the bending properties were worse than that of TIG.
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FZ : Fusion zone

: Heat affected zone
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Table 1 Chemical composition of materials

29| 7|1AH Edol gt A7

e 8¢ BHY & Yok mebd LI
Fo Welel BAslol nEAe SUNE AL
S Qo mg kel §Hol shsdtel 4
A4 ZRNAE ol H e /bl & Tk

Yan 592 304 zHlEl=Ze TIG &4,
ol &4 9 Laser-TIG 3lo]HE|= §HE AA
ste], S5 vAzA TG JAFELES ATFEHA
o} O+ dolA £33 Laser-TIG dlo]He| =
A Al EHFAA ¥ wAg 22H 58
AAEALS HepdTt D F483Th o] YoE @
ZHUYClEA 2HRJAE 27 oka &3} #ol
A S39 vmw AT Fo) HAAFH gton 0
golx &N 5% 7AH 54 JdERAL
O BustRn SRR AFEA ol9] AR
ZIAHE B A= flvh &35 dAAE
H7}sl7] $18 ASME section XA+ <&, H
, TAANEE AT AE AN 9,113}.17)

B AT L2HUEA ZHIQ
FE73EQ0 STS304LS AME-31], & ]1 £+4 3
TIG &3S AAstden, &35 vAzz=z
1 2 EAE xF3te 7AH B o

% op

4l

3]
=

2.1 8 M=

2 AP ALE AsE AR 52U 574 6 mm
9] STS304L 7Zrsolth TIG &3¢ &7lA= 2 A
1.2 mm®] ER308 AME3STh ool digh 33}
< Table 191 L}E}Lﬁa’it} o714, L& *iﬁ

Z2X

ol oX
mlo o
S
S
(98]
X
29
of
ok
b
2
QL
>
N
—
o
=
8
>
o
=
o
o

ol MRS U oI AR
Yofth AS WA 9% Aelth dold &
HAERe) APEE AR ] AA(Gap)e A

Element [wt. %] C Si Mn

STS304L

0.026 0.42 1.47 0.03
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Table 2 Welding  parameter used in  the
experiments
Laser TIG
Wavelength 1030 nm -
Beam Quality | 16 mm-'mrad -
Power 5.5kW -
Defocus -2 mm -
Incidence 10° )
angle
Voltage - DC 16 ~ 20V
1 st:75~80A
Current ) 2 nd:85~95A
3rd:85~95A
4 th:75~80 A
Arc length - 1.5~3 mm
. . 0.06 m/min,
Welding speed 1.5 m/min 8-Weaving
Shielding gas Ar Ar
Gas rate (anlce/ /15 > 5/ 5~10
[L/min] Root) (Face / Root)
Improvement 0° 450
angle
Gap bet.ween 0 mm 3.2~3.5mm
materials
. 1.2mm O
Filler metal not used ER308
ARl 2 PO ARG ¢Y HFL 02
kg, HAAEES 10 = ke, 4L & =
715 st EHAA 600 um oA AAst

At

A3 FAAEHL 272 ASME Section IX
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o7 A E L 10 mm/minZE £E 2 AASE T
TEAEHE §H T HH(Face)?d FH(Root)l
skl 180° W8S AASATE A w5 Al
§-& UH-FIO0KNX, SHIMADZUZS A}&3la] 2 A
3ttt

FANYHL ASME Section II Part A SA3702)]
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Fig. 2 Model of specimens for mechanical test; (a)

tensile, (b) bend, (c) impact
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Fig. 4 Microstructure of optimal butt joint; (a)
Micrograph of joint in laser welding, (b)
Micrograph of joint in TIG welding, (c) Base
metal around fusion zone in laser welding,
(d) Base metal around fusion zone in TIG
welding, (e) Fusion zone in laser welding, (f)

Fusion zone in TIG welding
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Fig. 5 Vickers hardness distribution in butt welding;
(a) Horizontal, (b) Vertical
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Table 3 Tensile properties of base metal and
welding joints
Tensile  strength Elongation
[MPa] [o]
BM 637 52
Laser 650 46
TIG 627 37

Zol 7|1A 4o thigt A+

Fusion zone

Laser
welding

TIG
welding

test

Fig. 7 SEM fractography of specimens by welded
TIG after Tensile test
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Fig. 8 Photographs of transverse side guided bend

test
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Table 4 The estimated Weibull parameters for
Impact  absorbed energy at  room
temperature

Posligt(z:% of pai}llr?n%eter parS:Ialllleeter Std/Mean/COV
BM 40.9 36.3 1.12/35.9/0.031
L-F 33.6 38.2 1.26/37.7/0.033
L-H 31.7 325 1.17/32.1/0.036
T-F 16.6 33.7 2.21/32.8/0.067
T-H 22.7 31.0 1.65/30.4/0.054
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