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Table 2 Performance parameters of 6061-T6 and PEEK
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W FET V2 48 F i PEEK, TR 8 v RE 4.
T YERELF 1) 6061-T6 %5 & 4> . 1% F PEEK R~ N
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80 mmx1.5 mm. 6061-T6 %5 &4 Ak 2 B/ in# 1
ffizn, PEEK F16061-T6 MRS H i # 2 Fis .
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Table 1
Alloy (mass fraction, %)
Mg Si Fe Cu Mn Zn Al
1.2 051 045 024 0.12 037 Bal

Chemical Composition of 6061-T6 Aluminum

1.2 HAEEK
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WME N PR, ASCEEEOCBLH SRS, Bota
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THT, Al B0 G = e 0 o 2 BB o) hn AR 2 T ik
TR, IS RGO TROGE A =iz s T

Material Density/ Elastic Yield strength/  Tensile strength/  Elongation/ Decomposition
(g-cm™) modulus/GPa MPa MPa % temperature/'C
6061-T6 2.73 68.9 275 310 12-17 600-650
PEEK 1.3 4.1 100 98 20 343
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Fig. 1 Laser texturing processing system
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Table 3 Main paraments of laser used for nanosecond

laser texturing process

Process parameter Value
Laser power/W 70
Wavelength/nm 1064

Pulse duration/ns 100
Frequency/kHz 30
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Fig. 2 Preparation process of 6061/PEEK joint
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Table 4 Factor levels table

Rotation Welding Plunge
Factor
speed, speed, depth,
level L -
A/(rmin™") B/(mm*min™") C/mm
800 70 0.1
2 1 000 80 0.2
3 1200 90 0.3
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Fig. 3 Tensile-shear specimen of 6061/PEEK friction welded joint
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Fig. 4 3D morphologies of 6061 aluminum alloy surface: (a) Untreated; (b) Laser-textured
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Fig. 5 Macroscopic morphologies of hybrid joint prepared by orthogonal experiment
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Table 5 Experimental results and analysis

Experiment Rotation speed, =~ Welding speed, Plunge depth, Tensile shear Tensile shear
No. A/(r-min™") B/(mm-min™") C/mm force/N strength/MPa
1 800 70 0.1 3184.80 12.74
2 800 80 0.2 3255.20 13.02
3 800 90 0.3 3421.50 13.68
4 1000 70 0.2 3749.10 14.99
5 1000 80 0.3 3308.00 13.23
6 1000 90 0.1 3370.00 13.48
7 1200 70 0.3 3261.60 13.05
8 1200 80 0.1 3458.90 13.84
9 1200 90 0.2 3103.90 12.42
K, 13.15 13.59 13.35
K, 13.90 13.36 13.48
K, 13.10 13.19 13.32
Average value, k, 4.38 4.53 4.45
Average value, k, 4.63 4.45 4.49
Average value, k;, 4.37 4.40 4.44
Range, R 0.26 0.13 0.05
Factor priority A>B>C
Optimal solution A2B1C2

(@)

6 HSALBT T RS

Fig. 6 Tensile-shear fracture morphologies of joints surfaces: (a) Macroscopic; (b) Microscopic

E7 WOLBAALE S HEL I ST
Fig. 7 Interface morphologies of joints after laser texturing treatment: (a) Before welding; (b) Welded joint
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Fig. 8 Typical OM image of laser-textured 6061/PEEK
hybrid joint
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Fig. 9 Typical SEM images and EDS line scan results of
6061/PEEK under different process parameters: (a)

Bonding interface; (b) Local enlargement; (c) EDS line scan
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Fig. 10 Typical XPS full spectrum of bonding interface of
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Fig. 11 Fine XPS spectra of bonding interface of 6061/
PEEK joint: (a) Al 2p orbit; (b) C 1s orbit
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Friction stir lap welding process and joint properties of
laser-textured 6061 aluminum alloy and PEEK

XU Jiahe, LI Hongjun

(School of Mechanical Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: This study utilized laser texturing technology to treat the surface of aluminum alloy, achieving high-
quality bonding with polyetheretherketone(PEEK) through friction-lap welding(FLW). Orthogonal experiments
were used to study the effects of rotational speed, welding speed and applied pressure on the tensile shear
performance of the joint, and the optimal process parameters were determined. And the connection mechanism
were explained by observing the micro-morphology of the joint interface. The results indicate that the rotation
speed has the most significant impact on the quality of the joint, followed by welding speed, while the effect of
plunge depth is relatively minor. The optimal combination of process parameters is determined as follows: rotation
speed of 1000 r/min, welding speed of 70 mm/min and plunge depth of 0.2 mm. Under these process parameters,
the tensile-shear force and strength of the joint can reach 3749.10 N and 14.99 MPa, respectively. The joint
fractures near the PEEK end, indicating that the laser-textured joint possesses good interfacial strengthening
capabilities. Additionally, through microstructural analysis, the connection between 6061/PEEK is not only
mechanically interlocked but also chemically bonded, forming new chemical bonds AI—O—C, which contributes
to the enhancement of joint strength.

Key words: friction-lap welding; 6061/polyetheretherketone(PEEK) hybrid joint; laser texturing; orthogonal

experimental design; joining mechanism
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