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Abstract Double-sided fiber laser beam welding is used to synchronously weld T-section of fuselage panels (skins
and stringers) for aluminum-lithium alloy 2060/2099 and shaping control is analyzed as well as long transverse (LT)
tensile performance. The results indicate that a good fusion between skins and stringers can be obtained by using
incident beam angle as small as possible in an adjustable range. The LT tensile strength reaches the maximum when
the incident beam position is 0. 1 mm on the stringer yielding a 45° ~ 50° weld beam angle. To ensure weld
microstructure uniformity and improve the T-joints’ mechanical properties, beam separation distance must be strictly
controlled to achieve the fusion of the double-sided welds in a common molten. In order to realize smooth transition of
the weld surface, the ratio of wire feeding speed to welding speed should be matched with a reasonable value. For
welds with a fully fusion and uniform microstructure, the key factor restricting the LT tensile strength is weld
penetration. The average LT tensile strength reaches 80.1% of that of the base materials and the maximum rises up
to 82.1% , when weld penetration is controlled in 1 mm.
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Table 1  Chemical compositions of the experimental materials (mass fraction, %)

Materials Cu Li Si Mg Zn Mn Zr Ag Sr Fe Al
Skin: 2060-T8 3.9 0.8 0.02 0.7 0.32 0. 29 0.1 0. 34 — 0.02 Bal.
Stringer: 2099-T83 2.52 1. 87 — 0. 50 1.19 0. 31 0.08 — 0. 06 — Bal.
Filler wire: 4047 <C0.001 — 11.52 0.01 0.001  0.01 — — — 0.02 Bal.
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Fig. 1 Schematic diagram of T-section and double-sided laser beam welding process (not to scale).

(a) Front view; (b) stereogram
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Fig. 2 Specimen of T-joints for long transverse tensile test. (a) Actual picture; (b) schematic top view (not to scale)
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Fig. 3 Schematic diagram of weld formation parameters

3.1 HXRANGAEIIELEKF N

e CALAL B BE AR |, R I 2 A8 M7 5% A7 3F 91 43
I 5 58 R AT AR (I 4) 1 T 2 38 30 % 2 fR L
By BE AR WP [ 7 M ROR . H T A2 20T % 8] IR Y BR
F AR TAE Sk 28 (A 45 4 ROST B 2 i, S oA 5
a [AE 20°~35° 2 [8) W] 3 , ] 15 ¥ [ 52 2] )™ 5 5

20 . _ unit: mm

B 4 M7 AP R CR% D
Fig. 4 Front view of specimen with several stringers

(not to scale)

B 5 DT A B 7 B T DG TR S A R RO
WE SRR I . o al DU A HOL RE & 2
figt S PN 5 10 4 73 - B L0 R B 5B AR
BHETT RPN IRBEIE TR KN 5 K I i, E B
Wil 552 B2 5547 4% B 5 B 0 » B W 5 B S AT 2% Z 1]
FETRAFAE ARG 3 BRI

&5 SERAGMAERER
Fig. 5 Schematic diagram of the incident beam angle
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Fig. 6 Weld appearances with different incident beam angles
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Fig. 7 Weld appearances with different incident beam positions
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