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Friction stir welding process of 6061—-T4 aluminum alloy T-joints

HOU Xiao-peng, YANG Xin-qi, CUI Lei, ZHOU Guang

(Tianjin Key Laboratory of Advanced Joining Technology, Tianjin University, Tianjin 300072, China)

Abstract: Three combination modes (T-lap/T-butt-lap/T-butt) of AA6061—-T4 aluminum alloy T-joints were successfully

jointed by friction stir welding. Welding defects, microstructure, hardness profiles and tensile strength of the obtained

T-joints were observed and measured, respectively. The results show that tunnel defects are easily formed in the fillet

zone of the advancing side or in stringer nugget zone for all the three modes of T-joints. Defects of kissing bond are

extruded downward to the stringer or sideward from the original joining surfaces to the advancing side of the skin under

severe plastic deformation. T-joints exhibit the thermo-mechanical affected zone and two fillet zones in the stringer,

which are different from the conventional butt and lap joints of friction stir welding. Softening zones and kissing bond are

the main reasons to reduce the tensile strength of T-joints along skin direction, and kissing bond and tunnel defects are the

main reasons for the fractures of T-joints along stringer direction.
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Fig. 1 Combination modes of T-joint: (a) T-lap joint; (b)
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Fig. 2 Schematic illustration (a) and loading methods (b) for
FSWed T-joints

Table 1 Chemical compositions and mechanical property of AA 6061—-T4 aluminum alloy

Mass fraction /%

Material
Si Fe Cu

Ultimate tensile strength/MPa
Mg Al

AA6061-T4 0.4-0.8 0.7

0.15-0.40 0.15

0.8-1.2 Bal. 241
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Table 2 Investigated parameters of FSWed T-joints
Rotational speed, Welding speed, Fixture radii, )
Sample ID - L Tilt angle/(°) Shoulder plunged depth/mm
n/(r'min ) v/(mm'min ) r/mm

Al1/B1/C1 1008 75 2.5 3 0.1

A2/B2/C2 1008 142 2.5 3 0.1

A3/B3/C3 1008 218 2.5 3 0.1
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Fig. 3 Macrographs of transverse sections for FSWed T-joints
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Fig. 4 Appearance of C2 joint welding defects (a) and magnified images of selected regions 4 (b), B (c) and C (d) as selected in Fig.4(a)
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Fig. 5 Microstructure of FSWed T-joints of 6061-T4 aluminum alloy: (a) Macrograph; (b) BM; (c) Transition zone

TMAZ and NZ in stringer; (d) Fillet zone in RS; (e) Fillet zone in AS; (f) HAZ

between
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Fig. 6 Vickers hardness distribution of A joints along skin direction (a) and stringer direction (b)
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Fig. 7 Tensile strength of three types T-joints: (a) Along skin

direction; (b) Along stringer direction
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Fig. 8 Macrographs of fracture locations for T-joints: (a)

Fracture along skin; (b) Fracture along stringer

Fig. 9 SEM image of macro-fracture surface of skin (a) and
higher magnification SEM images of region 4 (b) and region B (c)
as selected in Fig. 9(a)
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Fig. 10 SEM image of macro-fracture surface of stringer (a) and higher magnification SEM images of regions A4 (b), B (c) and C (d)

as selected in Fig.10(a)



523 %5 11

RGeS, &%:

6061-T4 4 T B LB FE IR T8

3055

BRIy 174.7 MPa; &84 142 mm/min B, 4555
B 7 18] R A i fe i il 35 21 187.5 MPa, 23k &A%
IS B BERF ) 77.8%

REFERENCES

(1]

FENG A H, CHEN D L, MA Z Y. Microstructure and cyclic
deformation behavior of a friction-stir-welded 7075 Al alloy[J].
Metallurgical and Materials Transactions A-Physical Metallurgy
and Materials Science, 2010, 41(4): 957-971.

MISHRA R S, MA Z Y. Friction stir welding and processing[J].
Materials Science & Engineering R-Reports, 2005, 50(1/2):
1-78.

BUFFA G, FRATINI L, MICARI F, SHIVPURI R. Material flow
in FSW of T-joints: Experimental and numerical analysis[J].
International Journal of Material Forming, 2008, 1(Suppl):
1283—-1286.

BUFFA G, FRATINI L, MICARI F, SHIVPURI R. On the
material flow in FSW of T-joints: Influence of geometrical and
technological parameters[J]. International Journal of Advanced
Manufacturing Technology, 2009, 44(5/6): 570—578.

FRATINI L, BUFFA G, SHIVPURI R. Influence of material
characteristics on plastomechanics of the FSW process for
T-joints[J]. Materials & Design, 2009, 30(7): 2435-2445.
FRATINI L, BUFFA G, PALMERI D. Using a neural network
for predicting the average grain size in friction stir welding
processes[J]. 2009, 87(17/18):
1166-1174.

BUFFAL G, FRATINI L, RUISI V, Friction stir welding of

Computers and Structures,

tailored joints for industrial applications[J]. International Journal
of Material Forming, 2009, 2(Suppl 1): 311-314.

DONATI L, TOMESANI L, MORRI A. Structural T-joint
produced by means of friction stir welding (FSW) with filling

material[J]. International Journal of Material Forming, 2009, 2

(9]

[10]

[11]

[14]

[15]

(Suppl 1): 295-298.

FLEMING P A, HENDRICKS C E, WILKES D M, COOK G E,
STRAUSS A M. Automatic seam-tracking of friction stir welded
T-joints[J]. International Journal of Advanced Manufacturing
Technology, 2009, 45(5/6): 490—495.

FRATINI L, BUFFA G, LO MONACO L. Improved FE model
for simulation of friction stir welding of different materials[J].
Science and Technology of Welding and Joining, 2010, 15(3):
199-207.

TAVARES S M O, CASTRO R A S, RICHTER-TRUMMER V,
VILACA P, MOREIRAPM G P, de CASTRO PM S T. Friction
stir welding of T-joints with dissimilar aluminum alloys:
mechanical joint characterization[J]. Science and Technology of
Welding and Joining, 2010, 15(4): 312-318.

TAVARES S M O, AZEVEDO P C M, EMILIO B,
RICHTER-TRUMMER V, FIGUEIREDO M A V, VILACA P,
DE CASTRO P M S T. Friction stir welding of t-joints in
dissimilar aluminum alloys[C]//American Society of Mechanical
Engineers. Proceedings of the ASEM International Mechanical
Engineering Congress and Exposition. New York: American
Society of Mechanical Engineers, 2009: 265-273.

FRATINI L, ACERRA F, BUFFA G, TROIANO G. On the FSW
of AA2024-T4 and AA7075-T6 T-joints: An industrial case
study[J].
Technology, 2010, 48(9/12): 1149-1157.

O, WH, Z K RS SRR AR R B
SIHTII. MLB L%, 2008, 46(2): 5-9.

WANG Lei, XIE Li-yang, Li Bing. Defects analysis of friction

International Journal of Advanced Manufacturing

stir welding process for Mechanical
Manufacture, 2008, 46(2): 5-9.

LIU H J, CHEN Y C, FENG J C. Effect of zigzag line on the

aluminum alloy[J].

mechanical properties of friction stir welded joints of an Al-Cu
alloy[J]. Scripta Materialia, 2006, 55(3): 231-234.

(4mig  fIF48)



