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Abstract 

 

Laser Through Transmission Welding is studied in this work. Three 

dimensional Diode laser CNC machine was used and adapted to satisfy the 

requirements for the welding process. The diode laser parameters are 5W 

maximum power, CW mode at 1064 nm wavelength. 

Two thermoplastics materials were used in this work. The first is a high 

density polyethylene (HDPE) with thickness 1 mm and the second is 

polymethymethacrylate (PMMA) with thickness 2.5mm. For the HDPE four 

speeds for laser welding were used (2.7, 1.6, 0.7, 0.61) mm/s, for the PMMA 

six speeds were used (2.7, 1.6, 0.7, 0.61, 0.33, 0.29) mm/s, for both polymers 

six values for the clamping pressure were used (2, 3, 5, 6, 8, 9) bar. Laser 

power was 2.4W at the interface of HDPE and 3W for PMMA with beam 

diameter 1 mm for both HDPE and PMMA. Microstructure examination has 

been done to recognize the melting pool geometry and to measure the 

dimensions of the pool. 

It was found that the clamping pressure plays a very important role in the 

welding process. 

Best results for the welding factor occurred at clamping pressure 8 bar and 

welding speed 2.7 mm/s for both polymers, the welding factor value was 

31.4% for HDPE and 48.2% for PMMA.  

There were no significant changes in the structure of both polymers 

related to the degree of crystallinity or amorphization before and after laser 

welding. The hardness test shows no changes in the hardness of the polymers 

before and after the welding process. 

It was found from the experimental results that decomposition occurs 

especially at the low speeds and affects the mechanical properties of the 

welding process. 

A very important factor called heat transfer coefficient factor indicates 

how much laser power transferred to the upper polymer during the welding 

process due to conduction phenomena. The results were 40% to 47.5% for 

HDPE and 20% to 35% for PMMA. 



An analytical heat conduction model has been developed to investigate lap 

welding of plastics using MatLab program. The heat flow model provides an 

approximate solution for the dimensions of the welding pool and the 

temperature distribution inside the welded parts. The model shows a good 

agreement with the experimental data.    
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