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Finite Element Analysis for Prediction of Bead Shape of Nd:YAG Laser
Fillet Welding

Kwan Woo Kim, Jae Hoon Lee, Jeong Suh and Hae Yong Cho

Key Words: Bead Shape(H|=¥4}), FEM(F&244), Fillet Welding(8 #8-3), Laser Welding
(F ] A €3), Moving Heat Source(°]FEY)

Abstract

Nd:YAG pulse laser fillet welding of stainless steel plate was simulated to find welding condition by
using commercial finite element code MARC. Full model of AISI 304 stainless steel plate was
considered and user subroutines were applied to boundary condition for the heat transfer. Material
properties such as conductivity, specific heat, mass density and latent heat were given as a function of
temperature. As results, Three dimensional heat source model for pulse laser beam conditions of fillet
welding has been designed by the comparison between the finite element analysis results and
experimental data on AISI 304 stainless steel plate. Nd:YAG laser welding for AISI 304 stainless steel

was successfully simulated and it should be useful to determine optimal welding condition.
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Table 1 Specification of equipment

. Description and
Equipment Parameter specification
Model JK701
Average laser
NdYAG pc?wer 400(W)
Laser Laser Energy 55(J)
Pulse Duration| 0.5(ms) ~ CW
Frequency 0.2 ~ 500(Hz)

Table 2 Experimental conditions of Nd:YAG pulse
laser fillet welding

Th'(?:r?sss Beam power(W)
1 30 35 40
2 30 35 40
3 30 40 50

Fig. 1 Aspects of Nd:YAG laser equipment
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[ Etement size: 0.1 X 0.1 X 0.1mm |

Fig. 2 3D Model of AISI 304 stainless steel plate
for thermal analysis
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(a) Shape and variables of heat source
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(b) Frequency
Fig. 3 Assumed Moving heat source for Nd:YAG
pulse laser

olct. APFNoZRE Ao WE wgAAG
QLFL 2o H49d FPEF xe(3AY
49 499 xF AE }), Xm2GAY 49 v
= Z 99 x& FE @), xmGAL 49 ¥
E % 9 xF AE @), neHd 99 U
9 x% HE ), Re(IY LAY 7HSAGL B

W73), Rm2(2Q M= Z 9W9 s9Ag

E97), Rm(EQ HT Z Ydel st
I3, Ri(AY WHY FHSAQ BEub)
I Ad AIALE(Q,) kol wet @eald
24 2 4 F g§3 37 2 dge 9
mdd) AuEch §¢7 vdy PP AT
Lo wet A=Y J1EPOE o) B
F glor] PPWE B9 g AR wa F i}
A B%ol ol 49 2de Hg A 4 ok
olglg 33Y 29 7F¢AS 4o vyAAG

o e £ R



842 A#g - o AE -

gshape o |

7| mmammea | [T
Hotten _mokenzone \Q';F
o it hice o SIS

T———
CN

¥4
Exper iment - Aalysis

(a) Changing shape variables(Xe, Xm2, Xm, Xi,
Re, Rm2, Rm, Ri) of heat source

Hoien Maiten
2018 nne

BExper isent Analysis

S iympon f
 okenzone |

(b) Changing maximum intensity(Q,) of heat source
Fig. 4 Procedure of heat source modeling

(]
Fe +4

9

T}. o] 7]4
2

Q= Qoexp(— %—) (1)

To

3xHd 7}-‘%*]":‘1 g9 99 AAdF HUALF,
1 FAA 4E ARZAAY A”, ) &
A9 xug dojdojoll A FHgAet AFERE
o] w3 geln @,% 7, © Fig. 3(a)9 IV
g W wg 2 gkol AP E7} Fig
3 B FHAFE ZeE Hx HolA dYS
dEzHoz F7] Ydd X2 3R A4
&3ttt o] ABZ2IRG o]fsta Fx9
B 2 Fug W E Ut ddzAE &
Ao 4EAZ F o)

49 2493y AAHL AAZ, Fig. 4@) A9 &
of 53 Waow)dlA 44 PFA4¥s g W
SIAIZIHA S AE Uz AdAH
S559 vmd olE wNESFFPF e S5YH
PAol A2 F dAHE A Edo JA4
Ay 52 ZA/YG. SAE, Fig. 4(b)ol A<t
Zo] PSS g nAFAI 2 YA E A3}
o 85 A7 AR Z 4XHE 2P0A A
9 A A YE(Q)%e 2AHJY g
2 2449 Fd dyA 2= g2 o4, v
€ Ag3td Y& FIHAD 35w 2AAA @
HAE o] AFAHE 858 dAHE =
A F3Es gES dA5tn, Yy e g
A gt Ao AFBAE AYse oA
AAE 29E ol &3t dFolA &8 Ws@dow,
50W)et F7(1mm, 2mm, 3mn)ol] WE AL 4

Hoz w3 BdW UL A%
Q= B4 AAY 99%, Q=

_Z:—'*

M o

o
\.E

-

O

fl

Aw/mm - 9
0035 -

0025 + -

A A x20E

Table 3 Material properties of AISI 304

Thermal property Value
Conductivity(W/(mmK)) | Temperature dependent
Specific heat{J/(kgK)) Temperature dependent
Mass density(kg/mm®) | 7.912 x 10™%(constant)
Emissivity 0.14(constant)

Thermal Conductivity Specific Heat

Colifkg - Ki

008 |-

[SEE TS DN R s B (Nt
M0 860 1206 1975 1840

e
(b) Specific heat
Fig. 5 Thermal properties
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Fig. 7 Comparisons of molten zones of experiment
and analysis of fillet welding for 1mm thick plate
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Fig. 8 HAZ and Micro-Vicker's hardness of fillet
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plate for each beam power
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(b) Penetration depth
Fig. 11 Molten zone size of fillet welded 3mm thick

plate for each beam power

Hlud & dA3te 2L B 4 Atk Fig 10(b)
of Hl melo] wE &3 ZoloA 3swd o u
A7t 164%E 47F ZA YeldEd ol &
A A AHY 7R EFoz AZHY I 9 4
oA Z2hA AAEL M2 & 4G
Fig. 112 3mm H#9 ol Pz 439 ¥
9o W sMa FUdzAY AgARE vu
g sloz &8 & 9 o9 4 e Ay
< 53 A5 gEy F Uggd gsA
AGA AL o] 43 FLRLHL T F A4
H4ste B APUHE 53 A8 FAd o
2 A #Holx &RxA 4Ao JMedy &3
&%, o] B2 Fag, gy Fo 7AW
gigk &3 A AU 2EER oSx JM5T
Aoz Azt T3 Hdd9y APIeg £9
F dernz oF AddFe] HEAZGA F
H & 2 AF e QoA Az wgdg
2 ARAFEggol JidiEnk. B =82 AISI304
2HQ 27 2 oA H LR I3
AARE, o] 7jvtoz wr} vlkd AF L &
A¥8 SOl o A LRxA AAHY A7)
APEctA #HolA v &3 &3 5HA g
Bl 2ot 7@ = & ez AzHEY o

(c) Angle 79°
Fig. 12 Comparisons of molten zones for variation

of irradiation angle in fillet welding for
40W and 2mm thick plate

ML 7ivto=m zZtzho] Az @& &3
F AFSHYE 5T 5 de €58 HHdx 7
% 3}e).

Fig. 12& ¥2 §39 A W RAAEE 4
A7l YslA 2AME 450 JlFEoE 100 1A
02 75°74A FIHAI7)A 75°~85°7 A = 1° 3HF
o2 #M§ Az Fo 65°, 75°, 79°F JERHQ
i, Y ZALFY £ E 3o AT F
& ved FHolt}h Fig. R@E HolA &9
40w, FAFJRE 7|Eo2 FALLO] 65°U BE
9] Hu Aot} o FH A dgL2 H|
WO 407%REE v ZF AA&QAT). Fig
2b)s T2 ¥ Sl H ZApzdo] 75°d
9] HlRolzm ¥ =AM 65°RTHE AW o
Ax H§A B& ¢ F AU o= A& 199
AgARdE Z dATE £ § 1 T Bl
A 34%RAEE AT Fig. 120 ¥ I3



846 2B

40Woll Al FAlZbo] 79°d wje] sMa Ay 2
FE vastd Jebd RAojoh. U M
da QA gPgol E X9 2 RY AR
Mg B3 dF HAJx ol AL TN BF
HAh addAg 2L d FEHHAdANE
v ZApzto] AW E45% 49 Holv HoAxm
AFEA HolA= AHEE &+ A dA
gk 80° o] F = AFHE Aot F

T 79°0]F = Au|9] 7oz s &3] Bt
Sakch ek d g Fate] dolA |
ZA} Zho] Mg §§59 F %‘Eﬂ 2 Az 4
Zo] 7}, We AA AL W= 750~

7902 Azt

A
0
Eaky

4. 2

rhu

44 FF#2A T2 MARCE o] 4319
AISI 304 2E|QlE]lx 72 H2 #HolA &3
¢ FF84 HHS S S£FAES vuy
Aate] o3 e AEE AU

(1) AISI 304 ZHQle]~ 7o 3 §34Y
o f3¥82 A wEEAHE FI "=
ol AR 2ALA #4843 Y 2ES HAF
Fom, og XLy ¢d HNAARE FYXAY
Ada = %ilﬁ}""\:}.

2 ¥ =9 & FANUG gHfA dAE €44
dg o3 BgH U 2RI dF2 49
€ B3 ATEoERN B AT7YHLE H2 go]
AL drsie O dojxye APxP 4
Aol F4 Aotk

(3) € M7 FLEA AYE B3l Wl =
AtZhol AW 4% 8¢ RAol: Ao FE
Wt YolAde Hol A, FAHN T, ¥ =
Ab Zhof e 2§89 AF Yy £ A= 4F
o] 7bs3tgl e, Wel HA =ALZ HYE 75°~
79°2 Aztgch

4) 53 F Ao o APAHE o] &
FHEEDY L o] FPete 2 AFUHE
gt AE FAd e HA HolA §3¥zA A
Aol Jbsan 434 %, W B2 Fug, Fe
5o =g dig &3 Al AUy 25EE
T dEx 71 Aoz AZAdd. =3 499
NP E 29 & dornz, oF AdAZ
HEANYA Ful FF L AF e lolA
A zbe uj8-2 7 € A4 o] JdiEn

oft

o[ AIE - A

q-z38

7]

or

of EFE 2006ME FEUGE F2ATAY
gl AEl A Qo) st AL,

2

o
e

(1) Kim, D. H,, Kim, S. S. and Kim, C. J.,, 1993,

"A Study on the Pure Al Weldability Using a
Pulsed Nd:YAG Laser," Journal of KWS, Vol. 11,
No. 1, pp. 52~61.

(2) Lee, D. H. and Kim, H. J., 1997, "A Study on
the TEMOO Mode of the Pulsed Nd:YAG Laser
with a Single Elliptical Cavity," Pusan Nat'l Univ.,
J. Research Inst. Ind. Technol, Vol. 53, pp.
159~163.

(3) Hong, J. H., Kim, B. G., Park, K. R. and Lee,
D. H, 1999, "A Study on the Operating
Characteristics of Nd:YAG Laser," Pusan Nat'l
Univ., J. Research Inst. Ind. Technol., Vol. 56, pp.
145~149.

(4) Heo, 1. S, Kim, B. C, Kim, T. H,, Kim, J. S.
and Lee, H. Y., 2001, "A Study on the Welding
Behavior of A3003 Aluminium Alloy Thin Sheet
by Nd:YAG Laser Beam," The Journal of Korean
Society of Laser Processing, Vol. 4, No. 1, pp.
29~38.

(5) Lee, T. G. and Kim, J. W., 2000, "A Study on
the Three-Dimensional Heat Flow Analysis in the
Laser Welding for Deep Penetration," Journal of
KWS, Vol. 18, No. 3, pp. 76~82.

(6) Nam, G. J, Kim, K. W, Hong, J. U, Lee, J.
H., Suh, J. and Cho, H. Y., 2006, "Finite Element
Analysis of Nd:YAG Laser Welding for AISI 304
Stainless Steel Plate," Journal of KSME(4), Vol.
30, No. 4, pp. 428~434.

(7) Cho, H. Y, Nam, G. J. and Kim, K. W,
2005, "Finite Element Analysis of Nd:YAG Laser
Welding of Micro Heat Exchanger,” Journal of
Industrial Science and Technology Institute, Vol.
19, No. 2, pp. 59~64.

(8) Cho. H Y, Kim, K. W. and Nam, G. J,
2006, "Finite Element Analysis for Prediction of
Bead Shape of Nd:YAG Laser Butt Welding,"
Journal of KSME (submitted).



