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SHORT ABSTRACT

In the growing technological field like micro-etem-mechanical systems (MEMS) and biomedical deyice
the microwelding has potential application as esatgiion of miniature components. This thesis wisrgrimarily
motivated to develop plasma microwelding systembiatt joining of different materials. At first thmajor efforts
are put forward to experimentally investigate therino-mechanical and microstructural behavior ning of
titanium alloy, stainless steel and low carbonlst@eomparative study between plasma and laserawielding on
titanium alloy put forward about the fundamentaVattages over the processes. Using controlled egnaated arc
current, the micro plasma arc welding process icifipally designed where the weld quality is assésby
carefully controlling the process parameters andelolycing the formation of oxides. A process windoverms of
welding current and speed is evaluated to preldedefect-free microwelded joint. The plasma currange of 8 —
13 A produces high quality welded joints for alletselected materials. The weld joint quality iseeféd by
specifically designed fixture that controls the dation of the joint and introduces high coolingeratn laser
microwelding of titanium alloy, high peak poweraistually dampen by pulsation of Nd:YAG laser crateto use in
microwelding process. The feasible range of progesameters like laser scanning speed of 3-7 mnuspaak
power of 1-5 kW produces high quality weld joint.

A 3D finite element based thermo-mechanical magldeveloped to study various aspects of plasmdaassd
microwelding processes. Large deformation theoryused to predict the distortion of microwelded foiA
dedicated pulse mode of heat flux model is develdpelaser heat source. To analyze the heat gapsbcess by
an ultra-short pulse laser, the 3D finite elemeasda numerical model is developed assuming firpeed of
thermal wave propagation with two phase lags. Taestent heating and cooling phenomena are aldgzakafor
the effect of two relaxation times, variation olgriwidth, and multiple pulses. The finite elemertdeling of laser
transmission welding is developed using contactditiam that accounts all physical phenomena sucthest
radiation, thermal conduction, and convection hesges. Material flow behavior in micro weld poofliences the
temperature distribution to some extent. Hencegh-tested 3D finite element based heat transfer fand flow
model is used to analyze the flow behavior in lasgrowelding process. A harmony search-based imetaistic
algorithm is also integrated with the physics basederical model to identify most suitable unknomodel
parameters in an inverse approach within overatiddeof optimization algorithm.
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