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Affecting factors of pulse laser welding property of Al-Mg series aluminum alloy

ZHANG Jixiang, LIU Fengzhi, GAO Bo, YIN Xiaoyi, YANG Pan
(School of Mechatronics & Automotive Engineering, Chongqing Jiaotong University, Chongging 400074, China)

Abstract: In order to study effect of aluminum surface state and welding processing on the properties of welding joints, the
process of laser welding Al-Mg series aluminum alloy with Nd:YAG laser was analyzed in theory and verified in experiments. The
experimental results of the characteristics of welding joints were obtained. The results show that welding process of untreated
sample and alkali corrosion surface treatment sample are not stable while welding process of anodizing treatment sample is stable
and hole effect is formed stably. Weld seam penetration and depth-to-width ratio are all improved effectively by the aid of
anodizing, double welding and powder filling welding. The tensile strength of the weld seam of anodizing sample, double-sided
welding sample and powder filling welding sample increases more than 1 times and powder filling welding sample of Al-0. 05Si has
the highest tensile strength. Hardness of all surface treatment samples is improved and the effect of phosphoric acid anodizing is
the best. Hardness of weld seam and fusion zone is improved through double welding. Central hardness of powder filling weld is
lower while hardness of fusion zone increases obviously. Hardness of heat affected zone of double welding and powder filling

welding is lower than hardness of single side welding. The results show that anodic oxidation surface treatment and double-sided
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welding technology can improve the property of laser welding of Al-Mg series aluminum alloy effectively.

Key words: laser technique; surface state; welding process ;aluminum alloy
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Table I  Mass fraction of aluminum alloy 5451
w(Mg) w(Fe) w(Cr) w(Si) w(Cu) w( Mn) w(Zn) w(Ni) w(Ti) w( Al)
0.023 0.0024 0.0021 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 balance
Table 2 Physical and mechanical properties of aluminum alloy in the experi- Table 4 Surface treatment status
ment !
sample surface state treatment alkaline degreasing
strength of  micro- . . number
. . elongation density/
material extension  hardness/ 5/% _3 A ioinal surf -
o,/ MPa Hv o (g-cem™) 1 original surface
5451 aluminum alloy 245 94 10 2.7 alkaline degreasing, _OXIdB ﬁln,l removing e-md 30g/L
A, . NaOH solution corrosion for 30min at room
degreasing
1.2 ﬁk 1:$ H,‘] ;E % temperature
EOUN . . R A sulfuric acid ~ degreasing, oxide film removing and direct
){ﬁ‘%ﬂ 0 S *ﬁ *jﬁﬁ g£ JQJ %ﬂ *j[;@] %U ﬁk R ﬂ“ j‘j 50mm x } anodizing current sulfuric acid anodizing
20mm x 2. Smm R FE , I Fop e 2 1 AT B 2= | Ak A, phosphoric acid ~ degreasing, oxide film removing and direct

JEEAL P, ELACL BRANE - RIS 5 0. 10NaOH 3 0IR
530 /K3 U 50. B0HNO, FIBOEALAL BE 5 7 /K TS UL 14
R BT

FeRF IR HE AT NaOH 75 96 e p Ak B, P58 5
Hh—ER IR T B AR S AAL B - B AR SR AL Ak 253 53]
R HBRBRFBEIR , W BE LU R S AL S R AL )G IR =
ZFFE L 3

Table 3 Parameters of anode oxidation electrolyte

electric anodi
electrolyte  current voltage temperature time/ anocie
i . . . oxidation
composition  density/ /V /C min .
(A-dm-?) film color
direct current
S ic H,S0
sulph'znc 22007 ¢ power, 20 10 ~20 30 transparency
aci
¢ 1~2
direct current
hosphoric H; PO, , ans ,
P osp-wrlc 3 4 power, 30 10 ~20 30 lranspar.ency
acid 100g/L 1.3 4.0 or white

1.3 1BiExR

P RELE JHM-1GY-500B % Nd: YAG £ 3)jfig
WOGIN THL AT X AR S0E . B e TR AL FIRZS
PR A SRR A T 5, B SO UM 3R A S
PERBOCRICR , BGE R A SR, K4 R

anodizing
R AR 77k, IR TR N RS EETE 99. 9%
DA E s G S E R SR DR3P T O R A +
AR B, WP 5L/ min B BE USBOE TF Y
Y4 FUE — i
SRIGHFAT AN T 257 SR J T L S 58, T ok FH 1Y)
SHEWNMES Pim.

Table 5  Different projects of welding process

current phosphoric acid anodizing

sample rocess .
P P welding process

number scheme

B,  one side welding laser welding only once

after welding of the one-side flip of welding

B welding by  workpieces, use the same laser welding parame-
2 both sides  ters and the same starting point to weld the back
of welding seam
B preset Al-  before welding, put the Al-0. 05Mg alloy pow-
*0.05 Mg powder der on the surface of welding workpieces
B preset Al-  before welding, put the Al-0.05Si alloy powder
4

0.05Si powder on the surface of welding workpieces

1.4 Hzitgeiln

L4l FAhiXge R TR, 20 D0
HLAT & T BT HRGE R J7 1) EAT LA AR A D03, 3l
HARRGHNIE 1 Fr7s il R 5 bRy SOmm, 5852
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Fig. 1 Dimension of tensile specimen

12mm, BAETE T RESZEHL B LA 0. 3mm/s (1) 3R 7
P O SR A LA A S5 R W 2B RS TR i 4k
1.4.2 mEnX  HALUIEINLIE A & TR
J7 PR A D) F A 10mm x 10mm P , B 45 30R
USRS TR RS o e = [ = Nl b g 21 == 8

T 8255 Je i i T 444 HXD-1000TM/LCD
T b G AL, DR Hh O T 06 43 01 1o S 4 ) 3
ATHSE I L, BN SIS 3 YRIBCT- B8, JH vl o B Y
TNz 29. 4N A, PRAFIT A Ss

Fig.2 Changing of weld pool morphology and color in welding process
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Fig.3 Effect of surface state on weld parameters

a—weld width of different surface statement b—penetration of different surface statement c—weld seam depth-to-width ratio of different surface statement
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Fig.4 Weld cross section under different surface state
a—original surface b—alkaline degreasing c—sulfuric acid anodizing

d—phosphoric acid anodizing

Fig.5 Surface morphology of aluminum alloy anodic oxidation film
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Fig. 6  Mechanical property of welding pieces under different surface states
a—tensile strength of weld b—hardness of weld
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Fig.7  Alloy distribution curve in the weld seam
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Fig. 8 Size of welding seam under different welding process

a—weld width of different welding process
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Mechanical properties of welding pieces under different welding

Fig. 9
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