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A Study on the Welding Behavior of A3003 Aluminium
Alloy Thin Sheet by Nd : YAG Laser Beam

I. S. Heo, B. C. Kim, T. H. Kim, J. S. Kim*, H. Y. Lee*

ABSTRACT

This work was carried out to investigate the welding behavior of thin A3003 Al alloy sheets by
Nd : YAG laser beam. Considering bead shape and mechanical properties, the laser pulse shapes
selected were two kinds of 2-division and 3-division by varying power level and pulse duration. In
order to obtain optimum conditions, the factorial design method and central composite design method

were applied.

Tensile test, optical microscopy, micro hardness test and TEM analysis were performed, Due to the

annealing caused by thermal effect during laser welding, precipitates were coarsended. The HAZ was
softened and failed during tensile test, The hardness of HAZ was lower than that of base metal, since
the heat input relieved the work hardening effect and caused grain growth.

Key Word : Nd : YAG laser, A3003 Al alloy, factorial design method, central composite design
method, laser welding, HAZ, work hardning, annealing, pulse shape of laser beam
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Table 1 Chemical composition of A3003 Al alloy

Si Fe Cu Mn Ni Pb Al

0230 | 0628 | 0182 | 1.100 | 0006 | 0006 | 97.82
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Fig. 1 Pulsed shape of laser
(a) Pulsed shape of laser for 2-division
(b) Pulsed shape of laser for 3-division
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Table 2 Design point for 2-division in central composite

18 1.6 50 7 31 133.05 12.7
19 1.0 44 7 31 105.87 5.6
20 1.0 56 7 31 141.49 116
21 1.0 50 5 31 134.74 7.8
22 1.0 50 9 31 117.15 7.3
23 1.0 50 7 25 127.96 5.8
24 1.0 50 7 37 124.98 7.1
25 1.0 50 7 31 128.37 11.8
26 1.0 50 7 31 128.78 12.1
27 1.0 50 7 31 127.96 11.6
28 1.0 50 7 31 127.54 119
29 1.0 50 7 31 129.43 11.3
30 1.0 50 7 31 129.56 12.6
31 1.0 50 7 31 130.54 12.9

Table 2 Design point for 2-division in central composite

design
Factor Response
Run w P‘() ;%’ Sn(lr/n F Stress Strin
(ms) 7kW) sec) (HZ) (Mpa) (%)
1 0.7 47 6 28 55.65 2.0
2 0.7 47 6 34 53.92 15
3 0.7 47 8 28 66.73 2.5
4 0.7 47 8 34 67.11 2.5
5 0.7 53 6 28 104.90 5.1
6 0.7 53 6 34 98.04 5.3
7 0.7 53 8 28 84.40 3.8
8 0.7 53 8 34 95.54 4.6
9 1.3 47 6 28 140.22 135
10 1.3 47 6 34 141.29 14.0
11 1.3 47 8 28 137.97 10.2
12 1.3 47 8 34 136.65 12.7
13 1.3 53 6 28 137.01 12.4
14 1.3 53 6 34 134.17 13.3
15 1.3 53 8 28 140.25 14.6
16 1.3 53 8 34 136.05 13.5
17 0.4 50 7 31 85.22 35

g3e) o) A 7F2-3H 3 A A)4d A)1E, 20013 49

design
Factor Response
Run w ng% Srr(lr/n F Stress Strin
(ms) | 7w | sec) | (H2) | (Mpa) (%)
1 1.3 26 6 28 85.86 4.6
2 1.3 26 6 34 101.08 5.6
3 1.3 26 8 28 83.25 4.4
4 1.3 26 8 34 110.2 6.6
5 1.3 30 6 28 122.45 9.6
6 1.3 30 6 34 121.68 10.0
7 1.3 30 8 28 101.22 5.3
8 1.3 30 8 34 122.78 8.7
9 1.5 26 6 28 108.96 6.4
10 1.5 26 6 34 126.77 11.6
11 1.5 26 8 28 92.86 49
12 1.5 26 8 34 100.51 6.0
13 1.5 30 6 28 101.97 5.8
14 1.5 30 6 34 117.06 9.3
15 1.5 30 8 28 117.58 7.8
16 1.5 30 8 34 125.81 14.7
17 1.2 28 7 31 89.61 5.3
18 1.6 28 7 3 128.45 11.6
19 1.4 24 7 31 108.45 6.4
20 14 32 7 3 138.04 19.5
21 1.4 28 5 31 110.37 84
22 1.4 28 9 31 102.50 7.1
23 1.4 28 7 25 117.78 6.9
24 14 28 7 37 123.47 9.8
25 14 28 7 31 125.55 115
26 14 28 7 31 125.98 119
27 14 28 7 31 124.46 125
28 1.4 28 7 3 123.91 12.1
29 1.4 28 7 31 127.12 11.0
30 14 28 7 31 12643 105
31 1.4 28 7 31 127.28 10.8
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Table 4 TEM EDS of precipitate in HAZ

Element Peak Area | Element(%) | Atomic(%)
Al Si Mn Fe
10198 789 1336 941
7261 545 1093 782
82.19 593 6.08 42
33 8459 2494 13
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Fig. 9 TEM Microstructure
(a) base metal, (b) HAZ

Table 4.7 HAZF-9 HEEXAYE YolHy)
8] EDSE #A1% Aot A3003 &FvE
Fao A 229 Ak wE Alk(MnFe) 9}
a(MnFe)SIAIL7}E $AHOE HEEs A0R
HIET Qltjowm Table 49 FAETE B
H HAZR9] 4&E52 a(MnFe)SiAll.Z Al
o). £4F A=AsE dolAw Edo) 93}
o 7}3A3 at AEE AoH, £¢4R=

g2d o] A7z e s) A A4d A1z, 20009 49

A
—

%8,

HAZEA Hlgte] A=, 4= B gAeo
a9, 2~338 #olA Fx FHIAM Ao
8 2 SILE UEso, HAZR wjsto &

3 53471 A yehd Ao,

4. 4 E
Nd : YAG #o|Aol 93t 7k37A3 Axzd

F7 03mm A3003 ¢FrlE T wuir) &

A A% e 22 428 Ao,

1. A¥AYY(FDY, CCDW) S B3 33 27
& A FFH2AL A WA 17 F 9
A F7re] AR Aol A WA 17
A2EL ldms, FFEEHS Tkwd 32%, F

MEF Tmm/sec, F34E 32Hzol o),

2. 2277+ 3-F7HE WA B2 98 E
ettt 2-3 7Y 497t -7 S
o 27 wiste met EAXY JAZAESS A
A& Aggdol FRI{AT.

3. 8484 BAE B39 HAZ &§% EA
o8 AFAE D MAAEN} E%oH, &
AN SAxA YHE BAse §4F9 @

+ HAZ 79 7}574% a7}
F3t47] W&olzt Al Eh

: B3 EAlel Hls HAZR9 4
25 24¥o 2NHASTE ¢+ AU
on, HAZRY MZEL a(MnFe)SiAllZ

>

e fd

B ot
b{'
X
i
=

1. HLiebermann ; Metallurgical and Materials,
Transaction B, Volume 15B, pp 155-161, 1934
2. 1. Sarady, Th. Beck, G. Bostanjoglo, K.

Richter and H. weber ; Division of Materials
Processing, Lulea University of Technology, s-
971 87 Lulea, sweden
3. Akira Matsunwa,

Katayama ; Joining and Welding Research

Jong-Do Kim and  Seij



38 S A3003 AIIES] Nd : YAG HoINUSEa] Bt 917

Institute, Osaka University 11-1 Mihogaoka,
Ibaraki, Osak 567, Japan

4, Montgomery : Design and Analysis of
Experiments : pp 290 - 340, 1997

5. Sebastien Branchu, Robert T. Forbes, Peter
York, and Hakan Nygrist . Pharmaceutical
Research, Vol. 16, no, 5, 1999

6, S, M. Darwish, S. D. Al-Dekhial : International
Journal of Machine Tools & Manufacture 39,
pp 15881610, 1999

7. V. Gunaraj, N, Murugan : Journal of Materials
Processing Technology 88, pp 266 - 275, 1999

8. Lautenschlager, U : Eschenauer, H. A.:
Mistree, F.: [Design-of Experiments Methods
and their Application to, Rubust Multicriteria
Optimization Problems]

9. #lo]A 714, £ 8135 pp 78 - 85, 2000

10, Aruna Bahadur ; Journal of Materials Science
23, pp 48-54, 1988

11. Ney Jose Luiggi : Metallurgical and Materials,
Transaction B, Volume 28B, pp 148-159, 1997

12. Ney Jose Luiggi : Metallurgical and Materials,
Transaction B, Volume 28B, pp 125-133, 1997

Journal of KSLP Vol. 4, No. 1, April, 2001



