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Effect of Surface Status on Microstructures and Solidification Cracking
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Susceptibility in Laser Beam Welding of 2524 Aluminum Alloy

Cai Hua Kong Xiaofang Xiao Rongshi
(Institute of Laser Engineering ., Beijing University of Technology . Beijing 100124, China)

Abstract Aluminum alloy (AA) 2524 is a new aircraft material with high damage tolerance and high strength. Bead-
on-plate welding of AA2524 with a thickness of 2 mm using a high power fiber laser is presented. Solidification
cracking susceptibility and microstructures of the joints for the original alclad-including surface (0OS), oxide-film
removed (OR) surface and alclad removed (AR) surface are investigated by optical microscopy (OM) and electron
microscope. The results indicate that the OR and the AR joints have the maximum and minimum solidification
cracking susceptibility, respectively. Different surface status joints have different grain sizes., morphologies and
quantities of eutectic, leading to the different solidification cracking susceptibilities. The alclad on the surface of
AA2524 can dilute the alloying elements in joints, reduce the quantity of eutectic and weaken the healing effect, thus
increasing the solidification cracking susceptibility. The oxide-film on the surface of alclad can be involved in welding
pool, act as heterogeneous nucleation site playing an important role in refining grain size, promote a discontinuous
eutectic distribution and reduce the solidification cracking susceptibility.

Key words laser technique; fiber laser welding; 2524 high strength aluminum alloy; surface status; solidification
cracking; microstructure
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Table 1 Nominal chemical composition of 2524 aluminum alloy (mass fraction, %)

Si Fe Cu Mn

Mg Cr Zn Ti Al

AA2524 0.06 0.12 4.0~4.5

0.45~0.7

1.2~1.6 0.05 0.15 0.1 Bal.
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Fig. 1 Cross section of alclald on AA2524 aluminum alloy. (a) Stereoscope morphology of alclald;

(b) morphology of alclald scanning electron microscope
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Fig. 2 Morphology of oxide-film on the surface of AA2524. (a) FSEM; (b) EDS of oxide-film
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Fig. 3 Typic cracks in AA2524 weld samples. (a) Surface; (b) cross section
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Fig. 4 Total length of cracks on AA2524 weld joints

under different surface status
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Fig. 5 Metallographic microstructure of AA2524 welds in different surface status. (a) OS; (b) OR; (C) AR
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Fig. 6 Typical microstructure of AA2524 laser weld joints (OS). (a) Weld metal; (b) fusion line nearby
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Fig. 7 (a) Typical eutectic morphology and EDS analysis of composition phases at (b) point A and
(¢) point B on grain boundary in weld metal
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Fig. 8 High magnification FSEM backscattered electron image of AA2524 weld metals in original surface status
in Fig. 5. (a) Top part; (d) middle part; (c) bottom part
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Fig. 9 High magnification FSEM backscattered electron image of AA2524 weld metals in oxide-film removed surface
status in Fig. 5. (a) Top part; (b) middle part; (¢) bottom part
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Fig. 10 High magnification FSEM backscattered electron image of AA2524 weld metals in alclad-removed surface

status in Fig. 5. (a) Top part; (b) middle part; (¢) bottom part

0203002-5



# ot

4 i 5V

TR N S U S IN AT SRl N e
B AR O R A R ST . X R i TR R
S b i) S R AR B IC f T v O th  SR HD
T P R T I s o DT VA 0 R R R R B 1 5 B
R ERRL RSN IS T A BR R AR )E S
TR AE A RO Th 3 RO T B AR
JIT 5% PR AN B e A 2 AL AR 2 R B 0 A R AL
NS SUR SR IN A LI} ER N

fm B RS 55 AR AR K T 1) 8 2 52 e AR 1 Sk 2
guiiin . MAARAE H0 T 2 d R ROE Sk KR 2
AR PO 4 AR AR R R K IR R RS IR Z L R
FEIAR S B/ o Ak ok i N — a2 B2 B 1 /MR 2
gt SR B4 L0, R G AR 4 v 0 45 A A 5 A T 4 OE
PR MR ERHWEE R Z . ZURERE
Bk JFIRR SR Z . B AL BOR S B

4% 100 R RO it 18] B 2o /N B S FE R A 6 e
KRR A FEAR A Ky R R, SR AR D
SRR PR i B B R /N HR A K T R . A
JRAE R oRLAE KT 0 MR R AR BRSOk
%i&ﬁmﬁ?ﬁ JRIE RS R Z AL BRI

o 2B ) AR AR P AR Y B Sk T
E‘J?/ﬁﬁﬂtmaaa TE L0 1 ) B0 e O A
ARASE it [ BE A /0N L A A T 1 P e i 19 25 A AL JROAR 25
ekt Ak R,

B R RSt B A K Ty 1) 1k b 3 3k Sk A AL 21
B S ILTY A5 e 4 Sk s ) . KRR S B
UK LR R, KA 2R A 45 5 2 S0 ) B
NYE RN/ A A S N i - S T ]
K.

AL S U FoRE L T A BR MR R I T
v 2R AL AR 2 /N T X Cu Mg & 42 06 & 1 s
BAE . BB L RBGE R 2. 7005 1t B
P 31—V BOAS i S U G o AR 3 22 IR A5 3 o
FEAET A 3L 43 HUAN BT A “ Y 45 FLBR ™ il — 2
CRATVER R O AR R R RS
JE L2 T R S ) R X B/

A T2 SR b R R B R IR A 4
b b Tiﬁaﬁkiﬁﬁaaﬁfﬁi,aaﬁﬁ'ﬁwﬂﬁéﬂi
AN FERIIRE T A aREE LB N ALOS B
AR, AL Oy 555 1970 °C iy T 30O6 AR B2 Pl i
B R R Z B L 2 WO R IR S >
INRE VR B AL O; B AR 206 1t 2l A5 4%
Al ARE I AT OB S R i o CAD + S

(AL CuMg) /0CAL Cu) 3 i 5 RN 2 247 i Uik
AR A T A B RR R T 5 I Ah 3 T R A
8 W] I S 5T P A2 A% O R A AL R VE LB 8 ()
(o) 1o ERRLANAL Ko iy A 3k 2 R RO & 22 8T L
‘@Z/J\%éiﬁﬁvﬁﬁﬁﬁﬁﬁﬁ%‘%ﬁﬁ%mﬂﬁﬁﬁd\?i
AL R R . H [ i 5 AR 3R T AR AR R AL R 2
5 pm, REFE AR LG ) AL O, T s AR 2D, 75 1 itk
BEFEVE AR RSO b AR SR 4 b0 |
[HIFARUE S ?'JEE%J(*IEE’J AL Oy BT i 71 & i ks 40
A0 i A S 2 2UE 4 35 AL TR AR A O TR
7B R e W52 2] dfokb RO M AL B S A8 Ak

5 44 v

D 2524 SR A WOt R g n K, JRag R
éﬁ@?ﬁ/ﬁkﬁﬁé%*ﬁ#iﬂﬂqjﬁaa e AN N R4S
e U JEE G T O A R o o S T 2L A0 1) B &L

2) RMARZ W 2524 ’f‘m & (i‘b%fij‘ﬁﬁ%ﬁ&%éi
) o AR O 2 3R e 1 R L 2R SRR RO 2
25 W REUBE f KL IR RS R Z . KA BERE

=)

/N

3) %EE%TXTZ% it 24 S0 5% ) 5 A5 4 414U
BRI A AR H@I%ﬁa@ 2524 FR G A R IH
@%Fﬂﬁﬁfﬁﬁﬁ EoUIVE I RALE R &
SR METEN, Ilt i 28U R AL R 3R
THT 4R b JE 7 AR T 2 A AR B s ot s Ry S R A A%
O AL KR AE AL 4L, A F T S 38 43 A AS 3 22, AT
REAR 25 fh 28Ut )

4) AL AR )2 R T A AL AR T EL B & SR Y
2524 86 S WOt L TR R AL

5 F X W

1 T. S. Srivatsan, D. Kolar, P. Magnusen. The cyclic fatigue and
final fracture behavior of aluminum alloy 2524 [J]. Mater &
Design, 2002, 23(2) . 129~139

2 J. Schumacher, 1. Zerner, G. Neye et al.. Laser beam welding
of aircraft fuselage panels[ C]. Proceeding of ICALEO, 2002.
2567~2576

3 J. C. Williams, E. A. Starke. Progress in structural materials
for aerospace systems [ J]. Acta Materialia, 2003, 51 (19).
5775~5799

4 Zuo Tiechuan, Xiao Rongshi, Chen Kai et a/.. Laser Materials
Processing of High Strength Aluminum Alloys [ M ]. Beijing:
National Defense Industry Press, 2000. 47~165
YA, HoRtE, B B % mEmESEenEtn TIM] dt
A BB Tk L . 2000 47~165

5 Xiao Rongshi. Laser beam welding of aluminum alloys [ C]J.
SPIE, 2008, 6825. 682505

6 Zhai Yufeng, Huang Jian, Li Min et al. .
high power CO; laser welding of 6061-T6 aluminum alloy with
filler wire[J]. Chinese J. Lasers, 2011, 38(5): 0503001

Research on high speed

0203002-6



g %,

RMREXS 2524 5

B WO IR R A SUR S5 B R B R

BEMVE, B W, 4 A 6061-T6 54 4 Ml | 2% CO.
Jed e SRR ST 0], Bk, 2011, 38(5): 0503001

7 P. F. Mendez, T. W. Eagar. New trends in welding in the
aeronautic industry[ CJ]. 2nd Conference of New Manufacturing
Trends, 2002. 1~10

8 B. Hu, I. M. Richardson. Mechanism and possible solution for
transverse solidification cracking in laser welding of high strength
aluminium alloys[ J]. Materials Science and Engineering: A,
2006, 429(1-2). 287~297

9 R. P. Martukanitz, R. Jan. A Fundamental Study of Laser
Beam Welding Aluminum-Lithium Alloy 2195 for Cryogenic Tank
Applications[ R]. USA: NASA, 1996

10 D. Fabregue, A. Deschamps, M. Suery et al.. Two- and three-
dimensional characterizations of hot tears in an Al-Mg-Si alloy
laser weld[J]. Scripta Materialia , 2008, 59(3); 324~327

11 X. Cao, W. Wallace, J. P. Immarigeon e al.. Research and
progress in laser welding of wrought aluminum alloys. [I.
metallurgical microstructures, defects, and mechanical properties
[J]. Materials and Manufacturing Process, 2003, 18 (1):
23~49

12 K. Chen, W. X. Yang, R. S. Xiao. Direct laser welding of an
Al-Li alloy plate without prior surface cleaning[J]. Laser Eng. .
2012, 22(5-6): 361~369

13 S. C. Wang, F. Lefebvre, M. J. Starinker al.. VPPA welds of
Al-2024 alloys: analysis and modelling of local microstructure and
strength[J]. Mater. Sci. Engng. A, 2006, 431(1-2): 123~136

14 Y. Kawahito, N. Matsumoto, Y. Abe et al.. Laser absorption
of aluminium alloy in high brightness and high power fibre laser
welding[J]. Welding International , 2012, 26(4) . 275~281

EERE: R

0203002-7



