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Application of a Central Composite Design for Experimental
Research on Laser Transmission Joining Process of FRPA

Jiang Tao Liu Huixia Li Pin Yan Zhang Xue Guochun Gao Yangyang Wang Xiao
(School of Mechanical Engineering ., Jiangsu University, Zhenjiang. Jiangsu 212013, China)

Abstract Laser transmission joining of fiber reinforced polyamides (FRPA) has potential application in industry.
Based on a central composite rotatable design, comprehensive experiments of laser transmission joining of FRPA are
carried out by a diode continuous laser source. The microscopic cross-section observation shows that the joining area
is good. The effect of process parameters on the joint quality is analyzed by processing of the experimental data.
Finally, mathematical models between the process parameters, the lap-shear strength and the joint width are
determined by response surface methodology. The results show that the process parameters of laser transmission
welding play a significant role in determining the joint quality; and the predicted data of the models are in good
agreement with the experimental results. So this study could provide an effective instruction to choose the reasonable
process parameters for enhancing the joining efficiency.

Key words laser technique; laser transmission joining technology; fiber reinforced polyamides; central composite
design; process parameter; joining quality
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Table 1 Process parameter limits of laser transmission jointing technology

Limits
Parameters
—2 —1 0 +1 +2
Power W /W 11.8 19. 22 26.65 34.08 41.5
Welding velocity S /(mm/s) 18 20 22 24 26
Clamp pressure P /MPa 0 0.1 0.2 0.3 0.4
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Table 2 Design matrix and corresponding measurement results of CCRD experiment

Run  Power /W Welding velocity /(mm/s) Clamp presure /MPa Lap-shear strength /(N/mm) Joint width /pm
1 26. 65 22 0 24,421 2607. 78
2 19. 22 24 0.1 33.488 2453.08
3 26. 65 22 0.2 44.919 2915.53
4 19. 22 20 0.3 48. 647 2575.11
5 26. 65 18 0.2 49. 458 2909. 8
6 26. 65 26 0.2 46.100 2866. 29
7 34.08 20 0.3 55.468 3241.17
8 26. 65 22 0.2 46. 242 2981. 98
9 19. 22 20 0.1 38.634 2731.04
10 34.08 24 0.3 45.395 3059. 96
11 26. 65 22 0.2 49. 409 2888. 00
12 26. 65 22 0.2 51.976 2957.91
13 34.08 20 0.1 50. 595 3101. 23
14 26. 65 22 0.2 52.680 2824. 41
15 11. 80 22 0.2 18. 004 1503. 84
16 26. 65 22 0.2 41. 201 3009. 91
17 41. 50 22 0.2 50. 599 3644. 00
18 34.08 24 0.1 41.562 3128. 78
19 19.22 24 0.3 47.373 2328.77
20 26. 65 22 0.4 52.736 2987.79
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Fig. 2 Photography of the joint specimen. (a) Joint specimen; (b) microscopic cross-section observation of the joint
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Fig. 3 Perturbation plot showing the effect of parameters
of laser transmission jointing technology on the

lap-shear strength
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Fig. 4 Interaction effect of laser power and welding velocity on the lap-shear strength (clamp presure 0. 2 MPa).
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b) 3D response surface plot
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Fig. 5 Perturbation plot showing the effect parameters of laser

transmission jointing technology on the joint width
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plot; (b) 3D response surface plot
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Fig. 7 Comparison of experimental data and the predicted data. (a) Lap-shear strength; (b) joint width
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