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Finite element analysis for prediction of weld bead shape of
Nd:YAG pulse laser welding for AISI 304 stainless steel plate
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*Dept. of Precision Mechanical Engineering, Chungbuk National University
**Laser Application Group, Korea Institute of Machinery & Materials

Abstract

Pulse laser welding of AISI 304 stainless steel plate was simulated to optimize
welding conditions by using commercial finite element code MARC. Due to
geometric symmetry, a half model of AISI 304 stainless steel plate was
considered. For the heat transfer analysis, user subroutines were applied to
boundary condition. The material properties such as conductivity, specific heat,
and mass density were given as a function of temperature and the latent heat
associated with a given temperature range was considered. A moving heat
source was designed on the basis of experimental data. As a result, Nd:YAG
laser welding for AISI 304 stainless steel was successfully simulated and it
should be useful to determine optimal welding condition.

Key words : Pulse, Nd:YAG laser, FEM, AISI 304, Laser welding, Heat source

ol e A AKA A1F 200RW 49



2 zo8 - AR - A% - olAE A A

.M 2

NdYAG "2 Ho|Axs HT EYo
COp #HolAo Hsl X AT
KW olae = dis COp dolAd 1
g olJel HEEEN HAZo HHY
A &7hHQl R stdo] Assn umo
2 Ag 5 99 £7/NF
Zo| AlgH 3 ot 2y HA glo]
231 A 24 g9, AA, 42 53 2
Aol A W H9,
=, WA Fug o] d2ug A9¥d
A A sHzA 4R Y9dAE A

|
=
fuw 4
=

i rlo
B A

T35, Ay, HEE 49 3 AA Te=
A% B§ P AR FAH R QT
HAZAA ] B2 ogolA SR #F 4
E oA et difE 23 7%
g2 Fa Jon A¥gzxAd wEg ANy &
N HEE 5F &3x0A4EAR, 38T
o W &HdEA4 % Fdva oz 1Y

ks £F¥S W o s At
Broz AAY $HZAL 48 F
oy, 2} £ 2 dAY o2 ARE
A, AAZA So Ag W 2L o] wa
AAAET ANAFY 227 AR F A
th= 2A4&o] lth. Rosenthal® o] Az} A

fo] #F IS AL AL AAG o]

[e:]
=
% Westby”, Friedman” 0] €3¢ 2%
‘\_fi__
S

o

o] B FXANEA ZDS AA A
31, Mazumder S%¢] o|% 7}¢AIQt 4Ue
AF2sk 3x9 dAY 2dS AA oo,
Kim¥Zo] CO; #olAE o] &3 HA7 &
Ao #3243 e AR e 9 A
A A7 Ay Yot

£48AM Ago] HygE £ AFAAE
Aefatas TrIHA MARCE ©]§3

Journal of KSLP, Vol. 8, No. 1, April 2005

of Bz o)A FHNBUAING AE3Y
EREEE-EE N DESEIRLE R LR
sar. 9azdes W dolx Wl o
% 344 o]F AARLL AAs 8ol
AR, W He W] BE LERE
s BAeel 4% L AYFRE o
zatgnh £@ Fold §Husd AP
$4x 442 NEsgen, 1 B34
2 49e B 43 s sao

dar ZT2aPe MARCE A48+
i, MARCH € 34 4, § A8 E X
stet dA A M AL Fig. 13 Zrh
Axe FAZde 443 J7e g4 &
Mo Hgs sande QAR o5
32 g9l A% 4F, dF, HAtel A
Q3 AAzA, L AR SEAA,
Age GHEA o] Aok AN EH

M F HHARRA LERTY RN
Hel 445 24F0 dfse o
oA Wel At d@ Az A HEE
el dAE olTd 3xAdd 93
AR W BAANNY JLFS e LE
gEe A B9 2HAdsPe) S
& V)FoE &85 4 E9FF AV ¥
A L334 L ASHFTY 2EEXE
Mesh Generation ):}P P
I st o
- Elesent ctase T
e S
e
== | e ]
g P
r '“:
o i
c
Matedad Properties g €
"""‘"'“"'WQ: s
I 15§

Fig. 1 The procedure of analysis
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Table 1 Experimental data of Nd:YAG pulse

laser welding
Velocity | frequency | irradiation{ Power
{mm/sec) (Hz) (sec) (W)
1 5 0.08 20
1 5 0.08 22
1 5 0.08 27.5
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Fig. 2 A half of Model of AIS|I 304 stainless
steel plate
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Fig. 3 Assumed Moving heat source for
Nd:YAG pulse laser
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Table 2 The boundary conditions of the
analysis

Heat transfer Boundary condition of FEM,

Irradiation of beam| Using sub—programming

Radiation Using sub—programming

Convection Using sub—programming

Latent heat boundary condition option
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Table 3 Material properties of AIS| 304

Thermal property Value

Conductivity (W/(mmK)) | Temperature dependent

Specific heat (J/(kgK)) | Temperature dependent

Mass density (Kg/mm3)| 7.912 X 10—6(constant)

Emissivity 0.14 (constant)
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Fig. 4 Thermal properties according to temperature
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Fig. 6 Comparisons of fusion zone of simulated
and experimented results(20W)
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Fig. 9 The simulated results(27.5W)
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(b) Simulation

(a) Experiment
Fig. 10 Comparisons of fusion zone of simulated
and experimented results(27.5W)
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