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Abstract

In this study, welding distortion analysis is performed for various design of tube shape structures which
are assembled with aluminum sheet metal. Aluminum 5052 plates of 1mm thickness are used to analyze.
An efficient keyhole model, as a welding heat source, is used for the prediction of full penetration weld
size and shape which is required for the thermal analysis. The therma and mechanical material properties
are considered as temperature dependent functions, due to the high temperature variations during the
welding. The numericall model is calculated by using a commercial software and evaluated with the
experiments. The calculation results could make a comparative study in the view of distortion for the
various size and shape of structure.

Key Words : Welding distortion, Finite element method(FEM), Aluminium alloy, Laser beam welding
(LBW), Keyhole model
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Fig. 1 Goldak’s double ellipsoidal shaped weld heat
source model
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Table 1 Welding condition for experiments

Laser power 3 kW
Welding speed 2 m/min
Irradiation angle 5°
Focal position -6 mm

Shielding gas surface; 20 1/min

(Ar 100%) bottom; 10 1/min

Fig. 2 Etching cross section
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1.8mm

Fig. 3 Weld line from numerical analysis
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Table 2 Parameters of laser heat-source model

Parameter Value(mm)
Width : a 1.0
Depth : b 2.0
Forward Length : ¢t 1.0
Rear Length : ¢ 4.0
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Fig. 5 Finite element model
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section shape of 20mm SH at Y=L/2



48

s
N
f
oy
By
olo
o
ﬂﬁﬁ
loty

M= GAl A YehtA] ko Y=L2AF M=
oF 0.95mm=E YERSITE o] HES tEEke] vigo|e)
7150k BRI e S o3k HAFQ
HEoltt.

Fig. 113} 12& SH 20mmT7%% weld line?t upper
lineoll A ] A3} afA]e] wluolt}, afAlel] ofgk A}
= weld lineolAd= ¢F 09mm upper linedl A= <F
093mm= Wepsith A3l o3 Aite 8NN
oF 0.95mm upper lined| A< 1.17mm= 247 Yebstoh

Fig. 13% 14+ DH 40mm729] Ad3 &40 <]

o W s Yehdth Y=00A sjolr el
PFe 9 olZ FEE WEgo R oF ImmAE YER

d

3 Ao Ao =Hgke oF 093mmE YETh Y=L/2
o o] sfXelAe] MBS Y=00r] HEP] W3k}
ko 2 0.1mmSa APelAe 432 0.36mm
At

HE Bl SHTEZS DHTEZR9
AR A IAEgS & & Ut} S

4 { | —e—Analysis(SH20mm)
0w Experiment (SH20mm )|

T s

7—Axis (mm)
o

0 50 100 150 200 250 300 350
X—Axis(mm)
Fig. 11 Comparison between analysis and experiment in
z-displacement along Y-axis at the weld line

4 4 —eo—Analysis(SH20mm)
o--Experiment (SH20mm),

- O O
o MW

7Z—Axis (mm)

0 50 100 150 200 250 300 350
X—Axis(mm)
Fig. 12 Comparison between analysis and experiment in
z-displacement along Y-axis at center of upper
plate

——e@——Analysis

o Analysis
——-w-—-Experiment
——w-—-Experiment

7—Axis (mm)

=201 =

-60  -50  -40  -30  -20  -10 0
X—Axis(mm)
Fig. 13 Comparison between analysis and experiment section
shape of 40mm DH at Y=0

——e——Analysis

o Analysis
——-w——-Experiment
—.—g-—-Experiment

7—Axis (mm)

~920 1 U

-30

-60 -50 -40 -30 =20 -10 0
X—Axis(mm)

Fig. 14 Comparison between analysis and experiment section
shape of 40mm DH at Y=L/2

Fig. 15-18& ¥°]7} 20mm¢] SH} DHT-%9] &
Fgol WEgS vehd Aolt} 20mm SHT-ENA Y=0
1 AFAAM Y MEL A glar Y=L2AA #E
o] AAZCE °F ImmALE Ytk 2} o] W

< TAFe wFo)] Hoke MAA Sl
ooz & 4 It 20mm DH7=

>
o
i
=
2
>
o
(L
ot
rlo
o
R
o
[‘El
)
N
o
o

Journal of KWJS, Vol. 27, No. 3, June, 2009



dlojA-8Aol o3 ATy HharEEe) SHHY 4

49

—— Before

201 o Before
——v—— After

— == After

7—Axis (mm)
)

-60 =50 —40 -30 -20 -10 0
X—Axis (mm)

Fig. 15 Section shape of 20mm SH at Y=0

+0 Eegore I
201 efore -
207 | ===~ After ; * +
— v After _{
157 {

51
s AP e G e T
0 o I O v s 1

-60 =50 —40 -30 -20 -10 O
X—Axis (mm)

Fig. 16 Section shape of 20mm SH at Y=L/2

7Z—Axis (mm)
=)

——=e—— Before

o After
10 ——%—— Before
— = After

7—Axis (mm)

-60 =50 —40 -30 -20 -10 0
X—Axis (mm)

Fig. 17 Section shape of 20mm DH at Y=0

Y=L/2 AFo|xe] HEL vheko g oF 05 mmF
T2 B3 WEge el
32 =22 =olof = SHHY

Tx= Eold wE &WRY FS Hlust] 9
&) SHTZ 40, 20 mme} DHFZ 40, 20 mm 7%2%
747} vt Fig. 199 208 B9 SHTR9 #=o] 40
mme} 20 mm TZ9] Y5 Wkl oig 759 W

Kihestic - BBt BB27% B39k, 20094F 64

15
—e— Before
] o After
107 | =—-+--Before
= ——— After
=
E 5]
.2
" 01
<
\ \
N 5 %i
\
-10 Yo =g m =

—-60 =50 —40 -30 -20 -10 0
X—Axis (mm)

Fig. 18 Section shape of 20mm DH at Y=L/2

—e— SH 40mm
151 L o~ SH 20mm
5

7Z—Axis (mm)
o
&

0 50 100 150 200 250 300 350
Y —Axis (mm)

Fig. 19 Z-displacement along Y-axis at the weld line

2.0
—o—SH 40mm
©- SH 20mm
1.5
é 1.0 o C‘C,Qoooooc;oc,oo%0
N2 o o}
2 05 ° %
o)
|
~N 00
-0.5
-1.0

0 50 100 150 200 250 300 350
X—Axis (mm)

Fig. 20 Z-displacement along Y-axis at center of upper
plate

40 mmelde 8- &

& ® ﬂ*é}oq = 4 Slth SH
7t ¢ Wk WMy oF 046 mm HE0]
_Or_

°F 09 mm A=olty. Z28)a SH
Fze) 9% FPre WIFES 40 om2 9 o 05
mm, 20 mm¥ W ¢F 093 mmP=o]thFig. 19). 7]
Al SHTZS] WYL 7259 Fol7l w2 75‘"?—7} el
FAFo] A et SEHES A &
o ofsf sk ACE, SHTx9 A% Hid
25k B F-919] 5l s)

E
oz
o?.L

o H
MY FEee]

mE



50 ANE-AA &4 EH g
AwdEsl 29 394 el Ageks 4ol 24 5
2 WEe A "o mely SHERe B} %

g4 o

% Qe e gasuz Y WIS

Fig. 213 2% ®¥ DHTZ9 =°]7F 40 mm<! 7
-9} 20mmel 799 M S vud] = 4 ik
£44 9ol DH 40 mme] HEe AL vehix]
2to™ DH 20 mmellA 9] W2 oF 0225 mmy =
HEHS Jelidth 28l 2= Q9 3R &
o] Hujf o] A= A9EW DH 40 mm¥ o ¢F 09

mmAEe]Z DH 20 mm¥ W+ ¢F 1.3 mmA=o|th

o714 &M AA7F FEREY FHWC doE=E
FINFE A9 JehiA gE 2S 2 & ok
2.0
—e—DH 40mm
1|9 DH 20mm
1.5
e ]
éi 1.0
%)
%05 ]
< T,
& 007 i — —»
-0.5 7
-1.0

0 50 100

X—Axis (mm)

150 200 250 300 350

Fig. 21 Z-displacement along Y-axis at the weld line

—¢— DH 40mm
1.01 ~©" DH 20mm
T s
.5
E
»
‘%007
T
N —0.5
—1.01

0 50 100 150 200 250 300 350
X—Axis (mm)

Fig. 22 7Z-displacement along Y-axis at center of upper
plate

(a) SH structure (b) DH structure

Fig. 23 Schematic diagram of weld distortion
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