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Solidification Crack Susceptibility of Laser Welded Aluminum Alloys (1)
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2 AddAE Al-Mg 2 Al-Mg-Si 359 T8 ZFAE vzsr] g8 1200 2 1050
GdFulES A ALESAT. AHES A9 FEgxA D FAE Table 13 2t} 273 1.2
me £3 wireE §71AZ ALY o &3 wire®] 33t24 & Table 29 2t} 1.6~22
m A BAE HolA & 5kWlA, 6~64m FAS WAL oA = 10kWeA
AdAL3E AEE LHEEE HMASd &7FA  gle]l bead-on-plate (F&glel) 2
I-square butt (7% Z8NA) &HE Pttt = 1.6m F7 6061 FA 2L 64m F7A
6082 AA= As &HA Gt &FH dolojE AFESEA butt #FHS P &3 vz
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| Alloy Thlf;:;ess Si | Fe | cu | Mo | Mg | C | Zn | T | Z
| 1200 2.0 006 | 027 | <001 [ <001 [ <002 | <0.01 | 001 | 001 | -
| 1050 6.0 012 | 033 | - - - - - 001 | -
[ 5251 20 | 005 | 016 | <001 [ 023 [ 191 | <001 | 004 - -
| 5251 60 | 014 | 036 | 003 | 025 [ 219 | 002 | 005 | - -
. 5083 2.0 014 | 029 | 002 | 063 | 446 | 005 | 001 - -
T 5083 6.0 018 | 037 | 002 | 080 | 408 | 015 | 003 | 004 | -
| 6061 16 062 | 025 | 023 | <001 | 092 | 017 | <001 | 002 | -
6061 6.4 063 | 038 | 030 | 005 | 087 | 020 [ odo [ 0e2 | -
| 6111 2.2 063 | 048 | 031 [ 010 [ 106 [ 020 | 014 | 002 | - |
6082 2.0 092 | 042 | 005 | 050 | 090 | 002 | 005 | 002 | -
6082 6.4 099 | 029 | 003 | 067 | 082 | 001 | 005 | 006 | -

Table 1 Nominal chemical compositions (in wt.2%) of aluminum alloys used (balance

aluminum).
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1 di ter
Filler azme)e Si | Fe | Cu | Mn | Mg
m

4043A 1.2 465 | 036 | 001 | 001 | 001
4047A 1.2 120 | 08 | 03 | 015 | o1

| oz |
Cr Zn Ti Zr

f
- loot | - -
- Jo2 | - [ -

|
|

Table 2 Nominal chemical compositions {(in wt.%) of filler wires used (balance
aluminum).
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Al-Mg-Si &8 HolA £45E &4 vizdA ddd 2 Fod Ao FEHUGD
T2 A &L FEidlA £HE bead-on-plate &3 ¥ld FEGE A £HE butt
L4 RA &4 vz Avd 2 FTE Ao #FAHAYG & ¢Fuw1200, 1050 2
Al-Mg &=(5251, 5083) #olA &3 HizdAe AFd L FFdo] RAHA &kt

Aol ZE 6061 ¥ 6082 Al-Mg-Si & #HolA &HF& dudA Fdol 2AHNCH
(Fig.1), 6mn 77 5083 &7 #HolA &£FF& QHIAANE n&dde] FAHIMYG. 28y
1200 2 1060 ¢FvE %2 2mm F7 5251 2 5083 Al-Mg &3 #HolA &£454& dHAMA
E n2Fgo] HAHA Fgirh Al-Mg-Si TE HolA LHFE LEFSA TnFHo
SAHE A ok AT BAYAE W liquation o] FFHJ LN, o
liquation 7E2 £F 8§34 $2dEH 94459 U} 1200 ¥ 1050 ¢Fulw 2 5251
2 5083 Al-Mg v #HlolA &3F A& FAXAE liquation THo] LA et

A 249 9%
HolA 7ed QA AFE A 247 F-AI7IE, 1200 2 1050 & ¢F

A EFEY A FL S 2% HYY IAXAY A B&ol Wfg A7 W)
% Y % solid-solid interlocking ©] 7}&3te A ] ¢F 0y #8F $1TE 2
o] AY ¥ RoZ FAAL. wbH Al-Mg-Si &5 #olA £3¥E $uvd FF
AY L Aoz ##H] Dudas 2 Borland’t Bnd o] §ZE9) olagyAe 74d 2
A7 A BEE Holin Itk Al-Mg #F HolA £3%9 74 5L & &F0
3} Al-Mg-Si ¥5 #HolA &4% 29 Fd It

£ 2ol 48 A A= IF

64un 77 6061 Al-Mg-Si &3 BAE FHELYL R o8 £3H =044 #HolA
24P W £S5 SnvE € 9 liquation TELS SHEA 9 F3FS wo
W L3&EE7 “E4E T E ¥ liquation ¥geo] ZAdATh(Fig.2)
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Q0] fAF A FAL BAY dolA $PY FTABFA) ¥ BAY 130 13
A #Z2HAY 6mn FAY Al-Mg-Si &5 #HolAd &3 €4 fusion linedl A& @
Foz UWdd Ut celularzd e W $RTDe] BAY B ohlF §H W FAH
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g5 dold &HRANME d9ER liquation TFEol RAHE= v 2mm FA Al-Mg-Si
ge #HolA &HANdE Y9 liquation TG0l TAHA skl Al-Mg &7 #olA

HH9 Ade 2m T & EFFANE £HEFEY 7F 2] Yoy, 6m FA
B 2HZS5AdE SaFdoe) HAFa .

23 wire AH8A] £33 ¢E LA

1.6mm 7 6061 Al-Mg-Si & #olA &HA 4047A wire (Al-12wt%SDHE AH&-3tH
SaFge Hgo] ZAge B3 AT 4047A wireE ALE3te #HolA &HI 6061 FF
LH 349 MgH Si®l £¥E EDX mapping2 & A& E o). SiZt interdendrite $ X o) #H
MEo] &L EASFAHFig3). §7HAE AHES A5 &7HA Q1o &3 RS Hls
9T 2R YA liquation TE ZFrAol F7Hee st (Figd).

4. dE

ZALE gFoF ¥F F 6061 L 6082 Al-Mg-Si 50 #4594 $3vdg 2 ¥
5 ZA YA liquation ¥4 ZFA°l 7 ¥3, 1060 B 1200 &Fv€9 ¥4 25
7 woh 5251 2 5083 Al-Mg #E9 o9 ZFAAS 1060 2 1200 ¢FvE ¢
Al-Mg-Si #39 79 Utk 24 574 2 §3x270 =3 74 Ao 9%¢E vAn
Ao EHEEI AAEFE T8 Aol Zarsdoen, dHdARYg RN Fd &
A 7ol ad. AAIG A9 SIHAE SR §HEE SATEL AN 99
2 AAYA liquation 72 Z4AHA &udt.
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(a1 Polished and etched top bead, Cracking vecurted along gram boundariss

101 Q-0 secuon. Equiaxed grawns deseloped along the weld centre of fongitudmal secnions No cracking

15 observed (n ttus regton. The fine equiaxed graim structure seems (o be reststant o cracking
(¢) A-A section. Cedfular structure developed i thes region and crackuig s observed.

Fig.l Typical weld metal solidification structures
and cracking observed in the top bead and
in weld longitudinal sections for 1.6 mn thick

6061 alloy.

100 um

Fig.3 EDX mapping image of wire feed welds

m 1.6 me thick 6061 alloy made with 4047A(Al-12wt.%S1)
filler wire. Si is segregated at the interdendritic sites,

while Mg is uniformly distributed.
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Fig.2 Variation of weld metal solidification cracking
and HAZ grain boundary liquation cracking

with welding conditions (6.4 nm thick 6061 alloy).

(a) Autogenous weld

(b) Weild made with
ABIATALS wi.% S1)

{c) Weld made with
404TA (AL11 w1 % S

100 um

Fig.4 Vanation of HAZ grain boundary liquation
with filler wire composition for 1.6un thick 6061

alloy.



