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Butt Welding Characteristics of Austenitic 304 Stainless Steel Using
a Continuous Wave Nd:YAG Laser Beam
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Abstract

Laser beam welding is increasingly being used in welding of structural steels. The laser welding
process is one of the most advanced manufacturing technologies owing to its high speed and deep
penetration. The thermal cycles associated with laser welding are generally much faster than those
involved in conventional arc welding processes, leading to a rather small weld zone. Experiments are
performed for 304 stainless steel plates changing several process parameters such as laser power,
welding speed, shielding gas flow rate, presence of surface pollution, with fixed or variable gap and
misalignment between the similar and dissimilar plates, etc. The following conclusions can be drawn
that laser power and welding speed have a pronounced effect on size and shape of the fusion zone.
Increase in welding speed resulted in an increase in weld depth/ aspect ratio and hence a decrease in
the fusion zone size. The penetration depth increased with the increase in laser power.
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Fig. 1 Schematic diagram of the experimental setup
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Table 1  Austenite 304 stainless steels material
characteristics
steel electric conductivity reflexibility
STS 34 720 [n - m] 70 %
thermal expansion electric X .
(0~982°C) resistance specific gravity
20.2 [m/m/C] 72 [uQ/cm] 7.92%

Fig. 3 Schematic diagram of the beam size and
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Table 2  Experimental equation

2394 484 (mm) 8= (%)
z=0 b= 0.838 + 0.0571 P 94.3
z=-3 mm b= 1.227 + 00701 P 99.7
z=+3 mm b= 1315 + 0.0697 P 99.8
z=-6 mm b= 1363 + 0.3229 P 95.4
z=+6 mm b= 1707 + 0.1698 P 975

20+

i 1.9- o © z=+6
R M s bl e ® 25
T T T T T T T L5 T T 174 (Y
-8 45 12 8 6 3 0 3 6 9 12 15 18 21 'S o] Z=+3
Focal Position (mm) 1.6 ® 7=3
’E‘ts- X Z=0
£ 14] M/O/
Fig. 5 The relations between focal position and gli /‘/
spot size 11]
10 *
N /i"
08 T T T T T B
350 400 450 500 550 600 650

POWER (W)

Fig. 7 The relations between power and spot size

Z7belE =AF7] Z7FFo] Ao}t z=+12mm
FooAME 233719 F7MEo] ol I A e
Sk olAL #HolAWY dux "Wyl Aol
Ag YEEZE do] ARHA Eiln MNH EHO

Power Density (10)

RS A AR A A R R A 2 Qo] AxH7) HEoth
Focal posiion (mm) 28y z=12mm FIAE AlE Zdd 47
2T FrY 249y A7) A IA Gt ®
Fig. 6 The relation between focal position and Ho FAEE dRTE JEREEZ AERH oyx
power density oko] we.o Jehdt}

2FAA@E NE ZHE TAHLE A o
A2 AvtE S Y FRARFTE Bobx A4 w92 Lavts Wk mos WEA 7Y
ol 7AYo AstsHzl WEo AEE Fdrl=z A 2AA7E vwad, 2dWo) AlWoly
Ao FEolA gdiy] &3 A8 FAE 5 gzo] 912 wto @ o|E3WUA 2HIAVE &
A7 F AolAYY 23379 vusty §3& APS f B} Ay oy FAL zHo] A
AAGE gl @ ot olgA &) W EWBET} o)A Wik WA P W FAE
Al 8d =39 XY 79 W @ b 24 H3, 289 }\]_1:]_,] Qugoz =7}
@ A=7F dastd. AN RelA BE 35 AoA 8 5
oA 283 2379 W e =4 2 29 U 7% -%ugo] & 5z go} AlA

719) @ske 24s] Hsl 23S 15mm°ﬂ F92 dAE GE ol Bolyg ovjdnh
A +15Smm7bA] WAsAZ|HEA AES AHE Fig olgdl AL =AY 9 z=+tommo}y} =
5o HERR MR A 2ZEY 377t 333 FrbeEA
ZAE "olHe &30l FT/EW AHY & AT Zlol7} FASHA "ol AT ALY
FrEol /HHe 249 AVE FUEH Aok a8y =@AYE BT 5
ANBEAE FALE z=:3mm o|UoME FFo) ANRE ASdE oA Faer aalo] 2



170 HFEd - 284

o} AFzlol7l FIHEE @A)

Fig. 62 Fig. 591 A@ARE o] &84 oA
He] A9 ¥gd e} EFUx WIS
el A WEe] wE FolAule
NUALE HA] =HHo] ANHFEHRT} ol
AE A7 2ol AHEHEYG £ X
A& o IA Jel Fig. 40149 dS5ZH A o
|3k gloh.

#dolA &3 AL 24¥gZHE nFEed o
A duA YE7b 10%cm® A 10'W/em? A}ol o]
E3Hol 7t%stz] W'l Tyl &3 o Yol
dloj Aol wauAx ez, HolAWol mixr}
7t Bl 40%mIRE WL HolH FHol
1800W2 o S£HEEE Im/minE §HH, 2
A7} -10mm<} +10mm Alolol A vtg-g-Ho] 7%
g Aoz gwordEr)

40 @ —0— Welding depth
- \ —A— Welding width

0—0\

A @
7 A\A”‘“%
T T T T T
0 2 4 [ 8 10
Weiding speed (nvmin)

Waelding depth & width (mm)
b
0/

Fig. 8 The Welding width and Welding depth on
the welding speed per unit time (m/min)
at the power 2kW, z=-0.5, Ar=4 ¢ /min

—e— Aspect Ratio

2o N N NN
2 » o N R &
o G P S

Bead Depth / Width

Welding speed (m/min)

Fig. 9 The aspect ratio on the Welding speed per
unit time(m/min) Power=2kW, z=-0.5,
Ar=4 Z /min

AEE - 972

2399A ¥zl we &9
Fig. 70] Yetla, ojuf A% 2]
HazAsHeZE AAete Table 29 UrEhH?i
Fig. 79} Table 29 9|3¥ #HojA o] £ 9 %
of @& 2337 W3l Uit Agao] z=+3 Y|
A STS304& 3T ZAS$ ¥ 7 wa
2337] dFo] 7158 o= Bud)

Table 29} Fig. 79 el 284 FJr #e &9
< 600w 7+ 9] ZAF}ol7] wFo] 3L 1500W
2 VA A8 2AE &3] 93] Table
20] AAFE HE of&3td AL gt vlwyE
o AP vind F A&

—&— Welding Depth !
—&— Welding Width |

1 ¢ /—n
084 T~
T T

-8 - 2 O 2 4 6
Focal position (mm)

Fig. 10 The Welding width and Welding depth on
the Focal position (z=0~+6),
2.5m/min, 1.5kW, z=0, Ar=4 ¢ /min

Speed=

—e— Aspect Ratio|

Bead Depth / Width

Focal position {mm)

Fig. 11 The aspect ratio on the Focal position
(z=0~+6), Power=1.5kW, z=0, Ar=4 ¢ /min



S2EHUolE

A 304 28272 Nd: YAG #lolAl 27l &REA 171

Gab 40sm

Cross
section
of
Butt
welding

46.38m | 65im

Gab 100¢m

150/m

Cross
section
of
Butt
welding

Fig. 12 Cross-section of but welding with gab of 40um, 46.38/m, 65¢m, 100/m, 150/m and 319um

33 =39 EHY=A
olpLmd wE 43¥AE &7

Zolo} §HF9 vl FIPuE Y
Y 2kW, 23AE -0.5mm, BE7t~
¢/ming W W oF&To Ui & ol
ARFAANMY &FZL Fig. 89 HerliTh
e ojF &=t 10m/minoA £Y Zold tid
E8Z9 "7} 1o ZARIA 3 Qi) W o]lbE
7 AAR BHAA 7]&Eo] Z FAHA Po}
doj Aol &gEA tF wAE FEo] £9
o] 4 duA o] Eo]E7] wFEo|th &3
T4 WTE Fig 89 ZAE A= weosd
STS3042] ¢ &3 2000Woll M & ¥l olS&EE
Im/min® 2 L A$L Z2FAFY z=-0.5mmol A
FA smm7HA = £ 0] /teEE &5 Uk

Fig. 8& TAZ A #dolA&= 2000w, z =
~0.5mm%Y W oA oL Wil uE
Aawa $3EZ v 3 vl(aspect ratio)s B
2 3l Qi3 43 @HS Fig. 99 e

o Fig. 99 2@4%E e FIu7} 3
& Afe 99 ol$4T7 dm/mind HAoE 1}
2353=3

2 Ao A AHEFE AjEe] FA47) 2mmo]| 22
Syl 858 AEe T e &89 23
ARE Lolr 7] 3] L9 JdudgAng 7=
2 gl &3 1500WE 3mm T2 AlH o]

1S AR ZAMSHE (Bead on plat) Walo

2 ZFHJAE (z=0~+6mm) WIAFIHA o]
AWML ZAEAT oldg =HYA wE &
Aol9t £8EFL Fig. 100] e, 244
Aol W FHYvlel vl=9 YHE Fig 119 Y
gt &9 1500w, ¥ o]F<EE 2.5m/min, B
372 Ar 4¢/mingd o &% Zolo} L£{EZL
vebd A@ZAdo|th. APAste]l 93l 2mm
FAS AHe A 2HAAE =timmolAd £
= A& W #AE5LF J5ES & F Uk
#dlolA 8ol 1500wolx #HolAW olfLxrt

2.5m/ming ®W F3u|= 2HAA =014 7}
AA Yehva = AYAFRE Fig 119 eyl
o}

ol Hd¥dE Jx= &
HA9 #Hojx &3 FANF 27L& A=de
2d)7] S300A Y ¥
gl SFAEE AFY Hg F AcSHold=E
VA FhEEte 2die B ZHE 40/m, 46.38
m, 65me B4-oF AEE ddr)z Ausle oA
a7} e A & 100mm, 150m, 319/m<) ] ol A
23 1500w, B o$<EE 25m/min, 2RHXR
z=0, RS 7}2 Ar 4 2/minolA] 2ul7] 238 A
Al F AT A8 AAF,

olmj Zpz}t "] 2A8F by YL Fig 12
of VERNAT 2] 43 o) 40mA Eo A

Mz
R
to

%



172 S - 284 - A

The butt welding parts of
é tensile strength allowance range

)

Power : 1500W
E Spot position : z=0
E Beam speed : 2.5m/min
2 Assistgas : Ar4 Uimin
b3
8
-
g,
®
2
B
w

Fig. 13 The relations between tensile strength
and welding gap

zZtzt &3 *134«1 AZAE HdHE Fig.

At STS3048 Loy £3HT o 7
o] 40m¥ A¥ 8 1500w, W olFEx
2.5m/min, 2F YA z=0, BEJ}2A Ar 42 /min 9
A HaE 1265kg G 1, =AY HudEe
1314kgsSiTh.

27l &3 7¥o] 40m, 46.38um, 65:m,  100.m,
150(m, 319me]  AFA=7L ZzZh 59 8kgdmm,
58.5kg/mm’, 57.2kg/mm’, 55.3kg/mm’, 53.8kg/mm’,
522kgmm’E ZAHATE STS3049] EAS] A}
BE7L 6lkgymm’RaL, Wl AAB STS3049
71AA AZAEI} 55kg/mm’ol 22 Zr)7] &3
Al 3 &LAE 100mol sl A Loyl 3L 4
*lfsﬂ°lr gt

a2 4] FEHHE Fig. 139 T 3 gHe
2 Yebdth Fig 1394 g= 9 I7)0l: 1=
AlH e FAoltt, A AlHY FAu8(gr)7t 6 ol
st Av a3 AHY SFZEE dh

N
i

=3
[

STS304F Nd:YAG dHo|AZ &3 H4dg Az
g F2 8L 4ok

1) z=0 € W Y9 IAV|E 400W~T00WE
F7MNZRE W 27 27 g 7] Z(key hole)
gdHoez 2337 #sot A9 gld.

zE - Y712

rlr

@ FAdAD N wE =88 23371 A
HE 7l n AgHog Frigd

(3) EﬂOW 43 1 $34 vl= & FAsn

FRE A HFEoF T Feele YA
7}%’-%94 EWET %4 s o] viarzn
@ HEE %97 A Xz AY &
deole AYAEE 71¥E EHaY
£ o] nigAd Aoz pad

(4) STS3042 2uly) £3E 9 7o 100mY
A% &9 1500w, ¥ ol$4 % 25m/min, 2¥H
A z=0, B37}2 Ar 4/4/min oA AZREE=
553kgymm’2 A9 AFBE 6lkg/mm?o+e] 3}
ol& 5.7kg/mm® T}

) 2 2ddFdAME gt 6olsldlAE &
WU 9FFEE AAh

o} A3k

mEm&P.L'EmR
.—&,mlojﬂ rulm
nﬂ&o}n

tns

et
r

(1) Gobayashi shyo, 1997, "Manual for Laser
Manufacturing Technology Application," pp. 155
~157.

(2) Batahgy-A.M.El, 1997, "Effect of Laser Welding
Parameter on Fusion Zone Shape and Solidification
Structure of Austenite Stainless Steels," Material
Letters 32, pp. 155~163.

(3) You-Hee Han and R. Andreas, Matzeit, 1994,
“Laser Material Processing and Their Application
for Light Structures,” J of the KSME, Vol. 34,
No. 7, pp. 539~545.

(4) Milwski.J.O and BarbeM.B, 1999, "Modeling
and Analysis of Laser Melting within a Narrow
Groove Weld Joint," Supplement to The Welding
Journal, pp. 109~115.

(5) HanW.J, ByeonlJ.G and ParkK.S, 2001,
"Welding charactics of the Inconel plate using a
pulsed Nd:YAG laser beams," Journal of Materials
Processing Technology, pp. 234~237.

(6) Bartel. W.U, 1997, "Influence of Beam Quality
when Welding with Nd:YAG Laser and CO, Laser,"
Conference on Laser in Material Processing, pp.
132~151.

(7) Han. Y. H, 1991, "Laser Beam Processing
Technique (II)," KWS, Vol. 9, No. 1, pp. 2~8.



Q 2Vl EA 304 28QE] 279 Nd: YAG #olA #oi7] 4354 173

(8) Young-Tae Yoo, Yong-seok Oh, Kwan-Bo Ro (9) MASARUK , 2001, "Reality of Laser Weldings,"
and Kiegon Im, 2003, "Comparison of Welding Laser Technology, pp. 27~33.

Characteristics of Austenitic 304 Stainless Steel (10) Kim.D.H, 1990, "Laser machining," pp. 153~
and SM45C Using a Continuous Wave Nd:YAG 154, 187 ~ 188, 213, 259,

Laser," KSMTE, Vol. 12, No. 3, pp. 58~67.



