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Abstract The microstructure characteristics and mechanical properties of double-sided laser beam welded aluminum
alloy T-joints for aircraft fuselage panels are systematically analyed. The experimental results show that five distinct
zones are identified between the fusion zone center and the base material which consists cellular dendrite zone,
parallel dendrite zone, partially melted zone, over-aged zone, and base material. The heat affected zone of the skin
side is the weakest area. The tensile strength depends on the weld penetration, and the failure originates at the weld
toe on the skin side. The average transverse and axial tensile strengths reach 87. 8% and 53. 1% of the base
materials and the fracture mechanisms of the transverse and axial tensile tests are found to be ductile and brittle
fracture, respectively. The average longitudinal tensile strength reaches 90. 8% of the base materials, and the
average elongation is 8. 4% of the original test specimens. The dimples are small and shallow, the fracture is a
mixture of ductile and brittle fracture, and a tearing trace near the fusion line appears. Fatigue failure is found to
originate at the weld toe on the skin side and finally crack on the skin, and the conditioned fatigue strength is
80.7 MPa. The fracture at the weld toe is a mixture of ductile and brittle fracture, and the skin panel fracture
appears brittle fracture feature.

KRB 2013-01-04; YRS B : 2013-02-24
EETHE: HEKARPAHEE GLI75115) 0 Z505 LR & TR ER O O B0 2 4 (SAMC12-JS-15-009) 5% B it .
EE B A : B985, 55 L Fse A . EE NG 4 WO 3 SO BUE B4 7 1 Bk ot .
E-mail: yangzhibin@ hit. edu. cn
SURE T BRE R (1962—), B #d W AE S I, FZN S RO Ty m iy 58 . E-mail: chenyb@hit. edu. cn
* BIEBEFE Ao E-mail: taowang81@sina. com

0503009-1



H |

# ot

Key words laser technique; T-joint; double-sided laser beam welding; microstructure characteristics; mechanical

properties; aluminum alloy
OCIS codes 140.3390; 160.3900; 350.3850

—

5l A
FE L s O T IR BB T L R s
AE 3 ARG A HE I L SR A8 2R A ) G 38 e £
ARIE A AL . N T AR D5 BT A% 4 AL
LY BE A% G891 38 0 AL By TR R AR 7 AR B AR Y )
A, 20 it 2d 90 AR 48 [ AT S HLA R Se T I T 41
B B BE AR 45 K U 38 ' [R] 25 A5t AR AR 990 4
AR T . & T+ RN AR RS 5%
A [ 2 PR A BRIUT A RITEROE T e
AR ETF R T —I905 7 i) AU [R] 2 A4 e HoR
SCEL T WA o TR E A RV BIL B T[] A
R AR IR 32 B AR . 2000 4F 58 B 7 A318 UG AR
HAL B BEAR Y A )7 i T 3 5 T 2003 AR JT B it 5
AT T 3 s B AT % BOR BRI e 2 % A3L8/
A340/A350/ A380 455 AL B AL A il AR ep
HHT 5865 S P B BEAR T B 432 3k XU 0O ) 26
TR B (9 A 5C 2 TF R Al A1 HR G T
S L AURRAE AN 7 24k B 25 J7 18 A9 BF 52 18 R UL 1 A 4R
il . Squillace % HF5E TN [ 3 50 45 22 0 2 3k
Ak RE B R X0 45 R AW A (R B0 AR 22 0 AR 4
SR B AR BE L2 BT RAT o R fi % . Schumacher

=N TA

S MO A S AR Sk 1 B B AR
FOFRFERWECSL A PERE. Al-Mg-Si RS 4R
B BRI R by 7 A RS ORI ST A R
[ERIRCEZATI D TAE S P 3 S DR U
et BRI SN T T R Sk W 43 ) it AR
HeSk 1 3 2 PERE 418 1 Sk L (50 B8 phy R 4B A TR S
PRI R PesE . v FF RALSENBE5E T A
B MR & & 0 2 Ve R R 45 2R — BoR W
TRICKMAB R FETRIEEL A — @R K
A .

AR SCEE X [ 7 R B R LKL B BE AR SUIROL [R) 22
MR E S T RSk RV T 35S AU IE &
J12AVERE O S B R R AL AL B BE AR i i A
i fe it —E 1 FE S
2 Mk
SB ST Ay BIR AT 1. 8 mm &1 6156-T6 15
6056-T4 fR & 4. TR 22 L fl FHARo8 1. 2 mm [
4047 FRREAR 22 IR B0 A RO AL 2 AT I AR 1 PR
TR0 I AR B Uk R U PE 2 T LA BR TS A AR
PR

£ 1 KB ARG Y B i (B8 00

Table 1  Chemical compositions of the experimental materials (mass fraction, %)

Materials Mg Si Cu Mn Zn Fe Al
Skin: 6156 0.9 1.0 0.9 0.6 - — Bal.
Stringer: 6056 0.9 1.0 0.8 0.6 0.4 — Bal.
Filler wire: 4047 0.01 11.52 <0.01 0.01 0.001 0.2 Bal.
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Fig. 1 (a) T-joint configuration size; (b) double-sided laser beam simultaneous welding equipment
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Table 2 Welding parameters of the double-sided laser

beam welding process

Welding parameters Values
Laser power /kW 1.6~2.2
Welding speed /(m/min) 4,0~8.0
Wire feeding speed /(m/min) 2~4.5

Incident beam position On stringer 0. 2 mm

Incident beam angle /() 22

On specimen surface

He, 15 L/min
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Fig. 2 Specimen geometries of T-joints for. (a)

Transverse tensile and fatigue property test;

(b) axial tensile test; (c¢) longitudinal test
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Fig. 3 Schematic illustration of microstructure
characteristics for T-joints welded using double-sided laser
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Fig. 4 Microstructure characteristics of T-joints welded

using double-sided laser. (a) Fusion center, 500X ;

(b) fusion line of stringer side, 500X ; (c¢) fusion

line of skin side, 500 X ; (d) fusion line of skin
side, 200X
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Fig. 5 Micro hardness in different zones of T-joints
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Fig. 8 Fractures morphology of transverse and axial tensile test specimens. (a) At unaffected base metal of transverse

tensile; (b) macro-fracture of transverse tensile; (c) near the fusion lion of transverse tensile; (d) at crack initiation

place of axial tensile; (e) macro-fracture of axial tensile; (f) near the fusion lion of axial tensile
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Fig. 10 Morphology of longitudinal tensile test fractures of T-joints. (a) Fracture path; (b) macro-fracture;

(¢) weld seam; (d) rectangular zone in Fig. (b)
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