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In this paper, the CO, laser-GMAW (Gas Metal Arc Welding) hybrid welding system has been developed and the characteristics of
metallurgical and mechanical of dissimilar materials welded joints obtained by newly developed hybrid system have been
investigated. Moreover, the features of residual stress and plastic strain generated by dissimilar materials welded joints have been
shown for the first time.

Recently, stecl structures have become larger and heavier duc to advancements in construction and design technology. so there have
been ongoing efforts to reduce construction work. Stee] structures can be made lighter and more cconomically with the fabrication of
structural members using dissimilar materials. Although joining of dissimilar materials is increasingly in demand, welding between
dissimilar materials has been considered almost impossible by the conventional arc welding process. A notable problem in the
welding of dissimilar materials is the formation of a brittle intermetallic compound layer that forms at the interface of the welded
joints due to the differences in the properties of the materials. To solve this kind of the notable problem, the hybrid welding system
was developed and verified the applicability of newly developed the hybrid welding system.

In Chapter 1, research background, objectives and construction of thesis were described.

In Chapter 2, the laser-arc hybrid welding process that combines the 12kW CO, laser beam and GMAW process for dissimilar
materials, high strength steel (AII32) and stainless steel (STS304L), was developed. The hybrid welding process for dissimilar

materials was optimized by varying four parameters (welding speed, welding current, wire feeding rate, welding voltage) through
Grey-based Taguchi analysis. And the welding conditions were decided by evaluating the effect of welding process variables based
on the welding defect standard (EN ISO 13919-1) for electron beam and laser welding.

In Chapter 3, metallographic observations of hybrid butt welded joints in dissimilar materials (AH32-STS304L) were performed
using SEM (Scanning Electron Microscopy) and that changes in the interface region were investigated by energy dispersive X-ray
(EDX). Morcover, mechanical characteristics of laser-arc hybrid welded joints in dissimilar materials (AH32-STS304L) were
investigated through the test of hardness, tensile and fatigue in order to guarantee the various required criteria of welding design.
Therefore, this chapter attempts to evaluate the metallurgical and mechanical characteristics for the dissimilar materials welded joints
obtained by newly developed CO, laser-GMAW hybrid welding.

The microstructures of the weld metal (WM) of hybrid and SAW welded joints exhibited well distributed ferrite throughout the
matrix. Also, the microstructures of the heat affected zone (HAZ) of hybrid and SAW welded joints were quite different.

Hardness of the hybrid welded joints exhibited within the acceptable range. In the tensile test, all hybrid welded joints fractured in
the base metal (BM). Dissimilar materials hybrid welded joints exhibited almost same fatigue strength for similar material STS304L
SA welded joints and it was over the design curve for JSSC. Both fatigue strength were comparable to those of BM because fatigue
and fracture of welded joints occurred at BM away from welds. When the fatigue joints efficiency was defined as fatigue limit of
welds by that of BM, fatiguc joints cfficiencies of welds was 88%.

In Chapter 4, the characteristics of residual stress and plastic strain generated by laser-arc hybrid welding of dissimilar materials
(AH32-STS304L) were elucidated. First, the residual stress measurement for hybrid welded joints was carried out by the X-Ray
diffraction method. A heat source model for simulation in non-steady state thermal conduction analysis was determined considering
the laser-arc hybrid welding characteristics. To cstablish the feasibility of the numerical analysis result, residual stress obtained by
2D (two-dimensional) plane deformation thermal elastic-plastic analysis (the pseudo-3D analysis) was compared that of measured by
the X-Ray diffraction method.

Residual stress and plastic strain generated by laser-arc hybrid welding of dissimilar materials (AH32-STS3041.) were shown for the
first time. The maximum of welding residual stress component, 6,,, in the welding line direction generated in dissimilar materials
welded joints was approximately 15-18% higher than that of similar materials welded joints. The maximum of o,, generated in
STS304L side of dissimilar materials welded joints was about 5% larger than that in AH32 side of welded joints. However, the
equivalent stress of dissimilar welded joints shows almost identical value as those of both similar materials.

The maximum plastic strain component, £, in the welding line direction of similar and dissimilar materials welded joints was in this
order, & am-s15308> € s15304> € a2 Equivalent strain g of dissimilar welded joints was slightly higher value than that g'gq of
similar materials (AII32 and STS304L) welded joints.

In Chapter 5, knowledge obtained from each chapter was summarized and the possibility on the application of laser-arc hybrid
welding to dissimilar materials (AH32-STS304L) has been established.
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