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Abstract

This work involves studying the potential of laser direct
overlapped joining between transparent polymethamethyleacrylate
(PMMA) and stainless steel 304 (st.st.304) sheets using a pulsed mode
Nd:YAG laser. This modality of joining, to the best of our knowledge, is
investigated for the first time. The process was done in two modes
according to the direction of laser irradiation. These modes are laser
transmission joining (LTJ) and conduction joining (CJ). The former mode
Is achieved when the joint is irradiated from the polymer side and the
latter mode when the joint is irradiated from the opposite side (metal
side). Many working parameters were employed in this work covering the
pulsed light and process parameters. Peak power (P,), pulse duration (1),
pulse repetition rate (PRR), scanning speed (v) and pulse shape were
manipulated to see their effects on the joint strength (Fy), joint bead width
(b), joint quality and appearance.

The first phase of the investigation was based on one factor at
a time method (OFM) as an experimental method. The best results
obtained for the joint strength and bead width for both cases LTJ and CJ
are 925 N, 7.25 mm and 495 N, 8 mm respectively. The process
conditions in this method are P,=3 kW, 1= 5 ms, PRR= 20 Hz for CJ and
25 Hz for LTJ, v=4 mm/s and rectangular pulse shape (RC). The best
results of OFM in the investigation were considered according to best
joint quality, highest joint strength and minimum bead width.

The second phase of the investigation was carried out with
design of experiments method (DOE) based on response surface
methodology (RSM) as an empirical modeling. RSM was used to
optimize the experimentally obtained data, to build mathematical models
for correlating the working parameters (P,, t, PRR and v) and the
responses (F, and b) and to investigate the interaction between different
parameters and their effect on the responses. The predicted values

obtained by the mathematical model in RSM methodlogy are in good



agreement with the actual values. The obtained response surface graphs
and contour graphs offer the exploration of the best combination of
working parameters that give the optimum results of joint strength and
bead width.

The third phase of the investigation was based on ANSYS®
simulation based on finite element method (FEM) as an ab-initio
modeling. ANSYS® simulation was used to apply spatial and temporal
thermal analysis for the joints and fully explore the thermal environment
of the joints during joining (heating time) and after joining (cooling time).
The same process conditions for both modes (CJ and LTJ) are applied in
ANSYS® simulation and IR thermography. The conditions are P,=3 kW,
=5 ms, PRR= 20 Hz and v=4 mm/s.

IR thermography by means of IR thermal camera was used for
in-process monitoring and taking thermal image during joining. The taken
images were used for ANSYS® simulation results validation. The results
of IR imaging and ANSYS® simulation were in close outcome. The
computational results of CJ show that the PMMA/st.st.304 interface
temperature is 975 °C at the laser spot center line during heating. Also, a
temperature of 1200 °C for the joint upper surface (metal side) at the laser
spot center line is obtained from the computational work versus 1150 °C
in the case of IR imaging results. In LTJ the computational results show
PMMAV/st.st.304 interface temperature of 650 °C at the laser spot center
line versus 825 °C for the IR imaging results. The reason of the incorrect
results in LTJ is related to the type of joint mode configuration which
results in the problems of IR radiation absorption by the PMMA. It is
found that the monitoring of LTJ mode with IR thermography is not a

correct choice.
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