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Study on Mechanical Properties of Austenitic Stainless Steel
according to Welding Parameters at Laser Welding

Sung-Min Jung

Dept. Materials Science and Engineering, Graduate School,
Pukyong National University

Abstract

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. However, austenitic stainless 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. In recently, laser welding has been
proposed to solve the problem of heat input.

This study investigated the effect of shielding gas on the mechanical
properties of austenitic stainless steels using Ar and N;. Weldments
showed similar appearance and microstructure. Fusion zone of
shielding gas N; could not find nitrides. Mechanical properties as
tensile, bend and impact were similar regardless of types of shielding
gas. As a results, shielding gas N; welding showed similar
characteristics to those of Ar welding. It is considered that shielding

gas N is suitable for austenitic stainless steels at laser welding.
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2H|Qle] =7} (stainless steel) = WAAdo] ¢-3tH, e|¥o] w3t zF
A T TFRE ZEokoll A AR
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Fig. 1.1 Formation of keyhole mechanism
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Fig. 2.1 Shape and dimension of materials for welding

Table 2.1 Chemical composition of material used

Milling or Groove(45°)

Element[%] | C Si Mn P S Cr Ni Cu Mo N
444
STS304L. | 0.026 | 0.042 | 1.47 | 0.032 | 0.002 | 18.3 | 8.04 | 0.19 | 0.15 opm




2.2 & A

golx &4 HA=9 16kW ¢ CW (continuous wave) Yb:YAG ©j 2= &
o] A (Trumpf TruDisk 16002) & FHS=Z Ag3te] HAASATE AH&E # o]
Ao A2 1,030 nm o™, BPP &= 16 mmemrad o]t} 3 33+A9] A A
= 233 mm o™, 2 LA A 300 pm A2 We 7ET. FSHAZE vEAL

ol o8l EdEs Ae A A8 10° o dX4e Fo dHoAE =
E
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"\ Optical cable

Stage™. Shielding gas

Welding direction
b

Fig. 2.2 Setup of experimental equipment for laser welding
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Table 2.2 Laser welding parameters for evaluating the influence of

shielding gas

Laser welding parameters
Wavelength 1030 nm
Beam Quality 16 mmemrad
Focal Distance 233 mm
Spot size 300 #m
Power 5.5 kW
Welding speed 1.5 m/min
Defocus -2 mm
Incidence angle 10 °
Gap between materials 0 mm
Shielding (face) 21 L/min Ar, Ny
Shielding (root) 15 L/min Ar
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2.3 A xZ R 71AH 54 Bt

LR mA x2S a3 n 7 (NA-200, Nikon, Japan) 2 HAFAEAH 7
(SEM, SNE-4500M, Sec, Korea) & o] &3te] #&atgion, z+ xR e] 7

olE e #HlolE =A7] (Ferrite scope FMP30, Fischer, Germany) & ©]

e Uehdth (@), (b 2 O+ 247 AdZAEHE, 53A
4 =AAEHE et AFAGHLS ASME Section IX QW-462.1,
BIAANFHE QW-462.39 wakA  AZSAS [27]  FAAIPEHS ASME
Section 1I Part A SA370 o] w}2}A Charpy v-notch type A & A 2}stA . [27]

A (base metal, BM), &% (fusion zone, F7Z), 94 3FEo| zZ+zt &

AE AgL nmolmz2 vlAA AE7] (MMT-X, Matsuzawa, Japan) & AH&3}
o 3 WFow AANSAY. dAdssS 200g, ddA RS 10 =

o 5

2 3. 34 A= dEY] A5 et A 600 4m ol 2 8f
R

A HIAFEL THsAE7](UH-F100KNX, Shimadzu, Japan)& A}-&3}<

AEdtt JdAAFLe 10mm/min 2 £52 AASGgoH, FIAF S &7

Al
=
Fof dest 9o tiste] 180 ° W= AAs T AN T4 E7YI
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Fig. 2.3 Shape and dimension of specimens. (a) Tensile, (b) Bend and (c)

Impact
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Front

Appearance

Back

Cross
section

(@ (b)

Fig. 3.1 Appearance and cross section of weldments according to shielding

gas. (a) Ar shielding, (b) N shielding
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3.2 HH =3

Fig.32% 2F®F H&7k2=(Ar 8 Np) & A3 &7 mAz2E ve
Wtk (@ = FZol| o3 mAz2S Yetdt. FZ-Ar 2 FZ-N; o] =22 =
T Hr2 A9l 71X (matrix) 9F A2 A (ine) 2o Foz 748 274 220
2 TAE Jon, AFHY AVl AT @98, FZ-N, 222 43}
o] YethA &3tk (b) & §3Foll4 1mm Hojl 322 HAZ ¢ BM 9]

2%F REvlx §3F9 HAZ &= BM Y #fAS =3 &
el glom, 2A g AFL dojuA e sz dddrh

2FF Rovts A5 FZ2Ae] Hixd As 53l Ra7t: Ar3t N,
of #olAote] Faatgo] vl Aoz AGHTE I8]d FZ-N, ZF A

< 27k Ao ® A4 + vk AA= &
Al EAetE ZEkxutel] o8 Ny 2ol A=AV
7

] o Foltk ERE wWE
WZE s &0 No| 180o] 2gty] iz AzZ-dA
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NET 34

Fig. 3.2 Microstructures according to shielding gas. (a) Fusion zones (FZ), (b)
Heat affected zone (HAZ) and base metal (BM)
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Fig. 3.3 & FZ x29] 3184 AFiE-S EDS = 43 Aoty 7|x =23 4
Fo| Aol thstd A7 439 S E4AT. SAHAH, VA=A 3
7 1832% 9 Cr3} 7.68% ] Ni2 Fstdomn, A F&42 23.80% 9 Cr
4.96 % °| Ni = sttt STS304 = AW Al o-dHgtolE o= FA st
of AT oR T LzHUOlETL Hol g3 LXHUOE e TH
o 28y WS ET waRE daes Y A F{UE EolE0] o -FEelE
7V ZRSHA B [29] B AR A o-HEo|EVF L AEHUolER 3] W
st Xsle], L2HUCIE 7R Ko vt oR FEs=
Sk 0—y o A¥EE Cr 3 Ni g &4to] Zlo] #H3h
= Cr 3 Ni o] &sboll AIZHE of7F HojA 2AHo=2 JAHH o740 g
Sof ol XF3A Hoh [30, 311 Fig. 3.3 oAl #HgolE kA A4l Cr<

O s Qe dmeel Aol WE Wl ojste] WFsHE 5 -vletol
s}

H

o3Y Element [wt. %]
Cr Ni
1 v 19.55 8.08
2 v 17.92 7.08
3 Y 16.98 7.07
4 v 18.85 8.51
5 3 23.6 5.03
6 ) 24.78 4.77
7 ] 23.61 4.29
8 3 23.22 5.75

Fig. 3.3 Positions and results of EDS analysis on fusion zone (FZ)
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Table 3.1 2T/ HI7I2E AMES &HFY #HgolE FFS AT
Axtolty, &4 7o Hgo|E gFL Ferrite scop & o] &3] Frpstuc A
kS ASME Section IMell ¢jste] 63 =AHate] HHatdth Ar @ Ny ©
ferrite number (FN) & Z+z} 2,97 3} 2.87 & H]5=3F 3& e

BE7F2 Ar 2 Npo] FN o] Hl=3%k A2 N
gt Ak o® N2 L 2HUolE A3t 4olBmg N FFiFo] 713
mel 8452 FN -2 F4st.

I E3
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k]
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o
=)
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X
rlo
P
flo
o
=)
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i
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Table 3.1 The ferrite numbers in fusion zone (FZ) according to shielding gas

Shielding gas Ferrite number(FN)
Ar 2.97
\P) 2.87
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3.4 Distributions of Vickers hardness by shielding gas
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Table 3.2 Mechanical properties of base metal and welding joints according

to shielding gas

Specimens  |Yield stress [MPa]Tensile stress [MPa]| Elongation [%]
Base metal 291 637 52
Ar shielding 313 650 48
N, shielding 393 695 41

Ar

Fig. 3.5 Fracture appearance according to shielding gas after tensile test
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Fig. 3.6 ¢ ®a7l20] M FUAE A%E Yehith £3

e A% 24mm e Ev (formen) & o g3t WAL SR A 2

ot

FHe 180° BUE ANFL, FPRY W 7de B #TF 2AEY
o RE7ks Ar 2 Noo) $AFE #@o] Uehbd @AW, lmm o]3
do] WAFATE oA e FA[27] ¢ BEehE F SAolth

Lo

o

Bending specimen Shielding
side view gas

Fig. 3.6 Results from bend test according to shielding gas
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3.6 454

Fig. 3.7 2 ®Hartzo] @2+ golA &3 AdH e A=y V-4 4
g 2345 vt E1FY FAE skl 3.3mm 9 sub size A@HES
Azpste] Aol A Ap2y] V-2 FAAPES AASH Fig. 3.7 () ¢+ (b)
T 27} FZ ¢} HAZ o tidk SA4FFoAUAE vkt Hlastr] 9fste] BM
o] Aztx zro] YERRL (a) FZ & RE7F2 F7/o)] #ARel BM I} Hl5:
FoyA B2E Yehgigioy, (b) HAZ+= BM Hth v@e FFeuXA
ZE YE I

Lo

et
ool

A

45 45
— Fusion zone —
= = Heat affected zone
40 40
g 2
= =
- g ﬁ 1=
g s = asl|
£ 2 *
E o
= an 'E an ’ i
= =
= = *
= 25 = 13
BEM FZ-Ar FZI-MN; BM HAZ-Ar HAZ-N,

(a) (b)

Fig. 3.7 Impact absorbed energy according to shielding gas. (a) Fusion Zone,
(b) Heat affected zone
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BM o] 40.9 & 7}%

HE5E e

FZ-N,, HAZ-Ar, HAZ-N,= Z+7z} 33.6, 31.9, 31.7, 26.3 2

B2, FZ-Ar 3 FZ-N, & 7242+ 38.2

FHS Y=
e, Ra7tx FRFel #AIQle] BM 2] 364 B} oF

3

EX
=

JER

i

PN
TR

Uebgtth Wb, HAZ-Arsh HAZ-No& 27} 32.6 2 30.39] 2
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Laser-HAZ A &3 9]
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—o— BM
901 |—e— FZ-Ar
80 [-o-

Probability [% ]
S

31 32 33 34 35 36 37 38 39 40
I mpact absorbed energy U]

(a)

Probability [% ]

—&— EBM
90 4| -3~ HAZ-Ar
80 4| -4-- HAZI,

25

215 30 325 35 35
Impact absorbed energy [1 ]

(b)

40

Fig. 3.8 Weibull probability distribution of impact absorbed energy according

to shielding gas. (a) Fusion zone, (b) Heat affected zone

Table 3.3 Impact absorbed energy depending on position of notch

Position of notch | Shape parameter | Scale parameter Std/ Mean/ COV
BM 40.9 36.4 1.12/ 35.9/ 0.031
FZ-Ar 33.6 38.2 1.26/ 37.7/ 0.033
FZ-N, 31.9 36.6 1.29/ 36.0/ 0.035
HAZ-Ar 31.7 32.6 1.17/ 32.1/ 0.036
HAZ-N, 26.3 30.3 1.32/ 29.7/ 0.044
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Fig. 3.29 Macro and SEM fractography after charpy impact test according

to shielding gas. (a) Fusion zone, (b) Heat affected zone

_31_



4.4 &

B AFE 22F BE7F2Ar D Ny 7F dolA €355 mA xR 74
H EAol vX= gkl ddl 2ARIAY. o3l d3e o3 2o

(D) 257 RE7tae dold SHoIA 2go] Hsshel, §HFE ulEetm
A58 HES Yeged, oBa fAsT.
(2) 845 FZE oxduolest j-slgeles] 24 24S 21, H%H

=
~sletelE @Fe UEhlth W, BEA N, B ALS

N
o
iin
o
i)
i)
S

ojAboll Al HE7F~ Ny, £HF
Ao Z HE7I2Z Ny & AMESt= 22 A3tsibga dgdn.

_32_



o=
TR

rak

. Sehwa editor, 1992, “Stainless Steel Manual” , Sehwa, pp.17

. J .X. Huang, 2005, “A New Application Field of Stainless Steel in China-urban
Railway Vehicles” , China Metall, Vol. 15, No. 10, pp.4-6

. L. A Franson and Y. Xu, 2003, “Stainless Steel for Automotive Exhaust
System” , Advanced Materials Processing, Vol. 94, No. 4, pp. 18-19

. D. Tang, C. M. Wang, M. Tian, J. Wang and X. Y. Hu, 2015, “Contrasting Study
on Quality of SUS301L-HT Joint Fiber Laser Welding and MIG welding” , Chin J
Laser, Vol. 42, No. 7, pp. 36-38

. X. J. Wang and J. H. Ye, 2006, “Microstructure and Mechanical Properties of
Friction Stir Weld Joint of 0Cr18Ni9 Stainless Steel” , Hot Work Technol, Vol. 35,
No. 23, pp. 36-38

. M. G. Wu, W. Liu, M. Fan, L. Shao and P. D. Lu, 2005, “Microstructure and
Mechanical Properties of Resistance Spot Welding Joint of SUS301L plate” , J
Beijing JiaoTong Univ, Vol. 29, No. 4, pp. 104-106

. H. C. Yoo, 2014, “Recent Study of Materials and Welding Methods for Nuclear
Power Plant” , KISTI ReSEAT Program, Pohang, Korea, pp. 790-755

. J. U. Park, G. B. An and W. H. Woo, 2016, “Characteristic and Measurement
Technology of Inner Welding Residual Stresses in Thick Steel Structures” ,
Journal of Welding and Joining, Vol. 34, No.2, pp.16-21

. S. Kumar and A. S. Shahi, 2011, “Effect of Heat Input on the Microstructure
and Mechanical Properties of Gas Tungsten Arc Welded AISI 304 Stainless Steel
Joints” , Materials and Design, vol 32, pp. 3617-3623

10. J. U. Park, G. B. An and W. H. Woo, 2016, “Characteristic and Measurement

Technology of Inner Welding Residual Stresses in Thick Steel Structures” ,

_33_



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Journal of Welding and Joining, Vol. 34, No.2, pp.16-21

D. H. Kim, 2016, Laser processing, Kyungmoon Books, Seoul, pp. 82-163,
326-370

S. M. Jung, . D. Park, K. W. Nam and B. C. Choi, 2019, “Study on Mechanical
Properties of Austenitc Stainless Steel Welded by Laser and TIG” , Jounal of
the Korean Society for Power System Engineering, Vol. 23, No. 2, pp. 27-36
Study on Mechanical Properties of Austenitic Stainless Steel depending on Heat
Input at Laser Welding, KSME, (under submitting)

AKNEA, PEA9F2H,  “SHD - 7 7 A= L —WFEEEBISIIEI Y 5 SSHE I
987, AR FAFEENE L 3 BER L5280

D. R. Roessler, 1986, The Industrial Annual Handbook, Penn Well Book, pp.
16-30

J. L. Zou , W. X. Yang, S. K. Wu, Y. He and R. S. Xiao, 2016, “Effect of
Plume on Weld Penetration During High-Power Fiber Laser Welding” , Jounal of
Laser Application, Vol. 28, No. 2, 022003.

P. Sathiya, M. Kumar, R. Soundararajan and B. Shanmugarajan, 2013, “Shielding
Gas Effect on Weld Characteristics in Arc-Augmented Laser Welding Process of
Super Austenitic” , Optics & Laser Technology, Vol. 45, pp. 46-55

S. K. Wu, K. Zheng, J. L. Zoua, F. Jiang and X. H. Han, 2018, “A Study of
the Behavior and Effects of Nitrogen Take-up from Protective Gas Shielding in
Laser Welding of Stainless Steel” , Journal of Manufacturing Processes, Vol. 34,
pp. 477-485

G. Li , L. Zhang, M. Gao, X. Y. Zeng, 2011, “Influence of Shielding Gas on
Fiber Laser Welding of Stainless Steel” , Hot Work Technol, Vol. 40 No. 23, pp.
126-129.

F. B. Gao, 2014, “Effect of Nitrogen on the Microstructure and Properties of

201 Stainless Steel” , Inner Mongolia University of Science and Technology

_34_



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Z. Z. Yuan and Q. X. Dai, 2002, “The role of nitrogen in austenitic stainless
steels, Journal of Jiangsu Univ, Vol. No. 3, pp. 72-75.

B. Z. Deng, Y. Peng and P. Liao, 2011, “Effect of Nitrogen on the Mechanical
Properties of Weld Metal of 316L Austenitic Stainless Steel” , Journal of Mech
Eng, Vol. 47, No. 3, pp. 66-71

S. T. Wang, 2008, “Mechanical Behaviors and Mechanisms of Nitrogen Effect
of High Nitrogen Austenitic Stainless Steels” , Graduate School of Chinese
Academy of Sciences

B. B Bhatt, H. S. Kamat, S. K. Ghosal and P. K. De, 1998, “Influence of
Nitrogen in the Shielding Gas on Corrosion Resistance of Duplex Stainless Steel
Welds. Journal of Mater Eng Perform” , Vol. 8, No. 5, pp. 591-597

L. H. Gong, H. Zhang and D. L. Cheng, 2013, Effect of Nitrogen Addition in
Shielding Gas on Corrosion Behavior of Duplex Stainless Steel Welded Joints,
Trans Mater Heat Treat, Vol. 34, No. 9, pp. 112-125

J. Barta, T. Vrtochova and P. Krampotak, 2015, “The Shielding Gas Influence
on the Laser Beam Welding of 2205 Duplex Stainless Steel” , Journal of Slovak
Univ Technol, Vol. 10, pp. 28-34.

Section II Part A & C, Section IX of ASME Boiler and Pressure Vessel Code,
American Society of Mechanical Engineers (2017)

J. Elmer, J. Vaja, H. Carlton, R. Pong, 2015, “The effect of Ar and N
shielding gas on laser weld porosity in steel, stainless steels, and Nickel” ,
Welding Journal, Vol 94, pp. 313-325.

S. K. Kim, N. J. Kim, G. Shin and C. H. Lee, 1995, “Effect of Cooling Rate
kon the Formation of ¢ -Ferrite in Type 304 stainless steel,” Korean Journal
of Metals and Materials, Vol. 33, No. 9

J. S. Lee and J. W. Hong, 1999, “Hot Cracking in Austenitic Stainless Steel
Welds,” The Korean Welding & Joining Society, Vol 17, No. 5

_35_



31.

32.

33.

N. H. Kang, 2010, “Development of Alloy Design and Welding Technology for
Austenitic Stainless Steel,” The Korean Welding & Joining Society, Vol. 28,
No.1, pp. 10-14

J. D. Kim, C. J. Lee and M. K. Song , 2012, “Characteristics of Fiber Laser
Welding on STS304L for GTT MARK III Membrane” , Journal of the Korean
Society of Marine Engineering, Vol. 36, No. 8, pp. 1067-1075

W. A. Weibull, 1951, “Statistical Distribution Function of Wide Applicability” ,
Journal of Applied Mechanics, Vol 18, pp. 293-297

_36_



, SIS, AARF, 2018, “1EYH g2 Fo|AE o] &3
L2HUoEA 2HAH2F x5 A 54 BV, gierrlA s A&
g P 20189 % 4= 3] =5, Vol. pp. 68-69

Sung-Min Jung, In-Duck Park, Kwang-Hyun Lee, Ki-Woo Nam and Chang-Yong

Kang, 2018, Evaluation of Mechanical Properties of Austenitic Stainless Steel
Welded by Using High-Power Disk Laser, Proceedings of the KSME 2018 Spring
Annual meeting, pp 68-69

FAE, 9715, e, AR, 2R, 2018, “olFAR JAH HTH we
B4 Wm W, B AGS AR A FYRE 201895 EAGEI]

Z, pp. 248-249

Seok Hwan Hwang, Ki Woo Nam, Sang Eun Park, Sung Min Jung and Chang
Yong Kang, 2018, “Comparison of properties according to mechanical joining
method of different materials” , roceedings of the KSME 2018 Spring Annual
meeting, pp 248-249

AN, dely, o]Fd, )y, HWAE, 2018, “#HolA &FHE LZEHUolEA
zH g =3 ZIAH 54 A7 digr)Asrs 2018E = el s, pp.
2558-2561

Sung-Min Jung, In-Duck Park, Kwang-Hyun Lee, Ki-Woo Nam and Byung-Cheol
Choi, 2018, “Study on Mechanical properties of Austenitic Stainless Steel Welded
by Using Laser” , The Korean Society of Mechanical Engineers 2018 Conference,

pp. 2558-2561

_37_



20199 6 BV

A 2

1o

j=1 <N

k71 74A]

S

e

=
=

Bl

S

=
=

A

S|
axi

Az
<H

B
file)
X

i
—_

i

~_o_o

A, AAA ATl o

!
A
E

o A 74|

w

—_—

gk ohuel AEAL

AN HAPAAA AHAM 2 AA7F HASUH. 22l

il

<

ol

il

A}

i

Hepao] =,

&

_38_



il
o

ool

ba oh e

<)

L S

Q)
=

ol=

]

il

il
U

e 8F

_39_

AR A A=A o

1

°

-

Fe 2
A oA

3
Ao Hupah o] 1Ay

o}



	1. 서론
	1.1 오스테나이트계 스테인리스강 
	1.2 레이저 용접
	1.3 레이저 용접 시 보호가스

	2. 재료 및 실험방법
	2.1 재 료
	2.2 용 접
	2.3 미세조직 및 기계적 특성 평가

	3. 결과 및 고찰
	3.1 용접부의 형상
	3.2 미세조직
	3.3 경도분포
	3.4 인장특성
	3.5 굽힘특성
	3.6 충격특성

	4. 결론
	참고문헌
	발표 논문 목록


<startpage>8
1. 서론 1
 1.1 오스테나이트계 스테인리스강  3
 1.2 레이저 용접 4
 1.3 레이저 용접 시 보호가스 7
2. 재료 및 실험방법 8
 2.1 재 료 8
 2.2 용 접 10
 2.3 미세조직 및 기계적 특성 평가 13
3. 결과 및 고찰 15
 3.1 용접부의 형상 15
 3.2 미세조직 17
 3.3 경도분포 21
 3.4 인장특성 23
 3.5 굽힘특성 25
 3.6 충격특성 26
4. 결론 32
참고문헌 33
발표 논문 목록 37
</body>

