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Table 1 Chemical composition of 2060-T8 Al-Li alloy (w/%)

Alloy Cu Li Mg Zn

Ag Zr Si Fe Al

2060 3.8 0.75 0.85 0.42

0.30 0.30 0.11 0.05 0.10 Bal.

% 2 ER4047 IRLFER S
Table 2 Chemical composition of ER4047 welding wire (/%)

Wire Si Mg Fe Cu

Zn Mn Cr \"% Ti Al

ER4047 12 0.1 0.8 0.03

0.2 0.15 - - 0.01 Bal.

2 HR500
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Fig.1 Geometry of tensile specimen
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Bl 2 ANFIEEGEEE T 2060 R85 478 ER4047 17 22 0GR IR 58 T 50
Fig.2 Morphologies of filled ER4047 welding wire at different welding speeds: (a~c) 4 m'min™'; (d~f) 4.5 m'min™'; (g~i) 5 m'min’"; (a, d,

g) front view; (b, e, h) back view; (c, f, i) cross section morphologies
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K3 2060481 & S IUFEERA04 TR 22 O 5 48 B AL 20
Fig.3 Microstructures of 2060 Al-Li alloy weld filled with ER4047 wire: (a~c) the upper part of the weld; (d~f) the middle of the weld;
(g~1) the lower part of the weld

4 2060 HHHE & S HFE ERA047 45 22 WOk KL 4% — U]
Fig.4 Secondary phases of the weld: (a) PFZ, (b) EQFZ, (¢) CGZ, and (d) EDGZ
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Table 3 EDS analysis of typical eutectic structure marked
point 1~5 in Fig.4 (/%)

Point 1 2 3 4 5
Mg 0.84 - - 0.66
Al 69.77 89.81 95.69 86.14 82.38
Si 0.46 0.5 - - 14.57
Cu 27.48 9.7 4.31 13.2 3.05
Ag 1.43 - - - -

Bl'5 2060 #4378 ERA047 H2 220G IR IR 4% EPMA JC 3 [ /) Afi
Fig.5 EPMA element mapping of laser beam welded 2026 Al-Li alloys filled with ER4047 wire: (a) the original weld microstructure;
(b) Mg; (c) AL; (d) Si; (e) Mn; (f) Fe; (g) Cu; (h) Zn; (i) Ag
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Fig.6  XRD patterns of the joint in different regions: (a) 2060 Al-Li alloy, (b) heat affected zone, and (c) weld zone
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72060 LA 4TS ER4047 5 42 WO I AR 4% TEM T
Fig.7 TEM second phases images of the weld: (a) 2060 Al-Li alloy; (b) the segregation of elements and the second phases at the grain

boundaries; (c, d) the grain boundary and the second phase particles
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* 4 7 HARICALET R 4B EDS SHTEE R
Table 4 EDS analysis of the second phase marked point 1~5
in Fig.7 (w/%)

Element 1 2 3 4 5
Al 12.64 44.36 85.97 59.06 54.24
Cu 83.65 51.36 13.46 10.1 4.07
Si - - - 2.33 21.71
Ag 2.82 4.29
Mn - - 0.57
Fe 0.89 - - 28.51 19.98
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Fig.8 Hardness distribution comparison of laser welded joint of

2060 Al-Li alloy filled with ER4047 welding wire
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Fig.9 Engineering stress and strain curves of welded joints

under typical process parameters



557 W

JE R FEE: 2060 F24T A4 7S ERA04T 15 24 3 e e S 40 2 1 RE BT 4

°2223 ¢

10 b R A T 21 21

Fig.10 Cross section images of tensile fracture in welded joint: (a) the macroscopic cross section morphology and (b), (c), (d) OM

images corresponding to the 1, 2 and 3 regions of Fig.10a, respectively

20 umety

20 pm

11 Ry B3
Fig.11 Tensile fracture morphologies (a): (b), (c), (d) corresponding to 4, 5, 6 regions of Fig.11a, respectively
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Microstructure and Properties of Laser Beam Welded 2060 Al-Li Alloys Filled with
ER4047 Wire

Zhou Baosheng', Liu Fencheng', Huang Chunping', Wang Weixin®, Li Qiuge?, Chen Yuhua '
(1. National Defence Key Discipline Laboratory of Light Alloy Processing Science and Technology, Nanchang Hangkong University,
Nanchang 330063, China)
(2. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)
(3. Hubei Sanjiang Aerospace Hongyang Electromechanical Co., Ltd, Xiaogan 432000, China)

Abstract: 2060 Al-Li alloy was tested by laser beam welding filled with ER4047 welding wire. The morphology and microstructure of the
weld, the micro segregation of the alloy elements, the precipitation of the second phases and the mechanical properties of the weld were
studied by optical microscope, scanning electron microscope, electron probe micro analyzer (EPMA) and transmission electron
microscopy (TEM), X-ray diffractometer (XRD), micro hardness test, and tensile test. The results show that the formation of the weld is
good in a reasonable welding process. Along the fusion line, there are so fine equiaxed grains, and there exist a large number of equiaxed
dendritic crystals and columnar grains in the center of the weld. The micro segregation of the weld is serious at the grain boundaries, such
as Cu, Mg and Si, but the Al elements are less. The main reinforcement phase T1 (Al,CuLi) in the weld almost all disappears, and a certain
amount of TB (Al;CusLi) phase precipitate. There are a large number of binary eutectics and ternary eutectics in the grain boundary, more
MgSi and Al,Cu,Mn,.,., secondary phase. In the heat affected zone (HAZ), the grain size and the size of the secondary phase become
larger, and undissolved T1 (Al,CuLi), 8' (Al,Cu) and TB phases coexist. Under the optimum process, the hardness (HV) of the weld zone
is the smallest, with an average of 986 MPa, which is about 65% of that of the base metal. The tensile strength of the joint is 354 MPa, and
the elongation is 4.9%, which is about 67% and 40.8% of that of the base metal, respectively. The tensile fracture occurs preferentially in
the coarse equiaxed grain zone at the lower part of the weld, and gradually extends along the grain boundaries, and finally fractures in the
columnar grain zone. The fracture morphology exhibits the mixed fracture of toughness and brittleness with a large number of dimples.
Key words: 2060 Al-Li alloy; laser welding; microstructure; mechanical property
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