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Objectives
This lab report covers the following objectives;
· To understand and perform different welding processes such as laser beam welding, friction stir welding, variable polarity plasma arc welding, gas tungsten arc welding (GTAW) and gas metal arc welding (GMAW).
· To develop an understanding for the preparation of experimental samples 
· To develop an understanding for the metallographic studies
· To develop an understanding for the micro-hardness testing
Introduction
The history of the classical fusion welding goes back to approximately 1000 B.C. The process of welding came into being when shaping the metals according to the requirements required some new techniques. It is believed that the Gold was the first metal that was shaped by welding. When the industrial revolution came in 1800’s, the process of welding also transformed into the forged welding in which the metals were welded by heating them. In the 19th century the use of an acetylene for a source of heat was a major discovery in this process. The welding started to grow when the use of electricity became common.
In the construction practices, fusion welding was the most important joining process. It helped in building the modern era in numerous ways. The methods of joining the metals are very limited besides welding bolts and rivets are the other two methods. The fusion welding has played an important role in creating the everyday items that include the vehicles, different utensils, structure e.t.c. Arc welding processes are used in the shipbuilding and in the preparation of the vessels. They are also being used in several airplane manufacturing companies and in the manufacturing of other modes of transportation. 
The effectiveness of the whole arc welding depends upon the rate of transferred material. The only to improve the efficiency of the arc welding process is by controlling the factors that affect the material deposition rate. The recent developments in the arc technology are focused on the three factors which include saving the effort and labor, standard quality of the weld and the production capacity. In order to achieve all of the three goals, the automation of the process is certain. The automation has completely changed the process of the arc welding. It has achieved higher deposition rate of metals on the base metal and stabilizing the process in no time. It has also achieved more indentation rates. The automation has also played an important role in the development of the welding by providing more safety to the labor. The real developments include the sensors that are being installed to trace the line of the welding, very fast response to the new shapes, new material and new properties. Currently the studies are being done to abolish the use of preheating for the welding of the high strength steel alloy. Gas metal arc welding and metal inert gas welding are two most important developments in the field of ac welding. GMAW is an important development because it is a continuous process.  More work is being done to control the productive rate of the GMAW and to control the deposition of the metal. GTAW is another very important development in the field of welding. GTAW is being developed as an alternative of the conventional onsite welding techniques.
 The laser technology has been a great aspect in the joining of metals. It has seen new heights of developments in last 7 to 8 years. The main objective behind the development of laser technology is to find a more reliable alternative of the old conventional welding techniques. Laser technology has made significant progress in the filed of welding like in the case of hybrid laser arc welding. Some advancements include the usage of electromagnetic fields in the welding process. It has also made progress by reducing the pressure environment of the laser arc beam. It has also made significant progress when it comes to the welding of the thick materials like titanium and also in the marine applications. The latest developments show that the laser beam welding has succeeded in joining the metals with minimum level of distortion, finding the right wavelength for the delivery of the beam through fiber and achieving the high plug efficiency.
The different types of fusion joining processes include arc welding, gas welding and the chemical welding process. In the arc welding, an electric arc is used as a heat source for the joining purpose while in the gas welding the heat is obtained from a burning gas for joining the metals. In the chemical welding the heat is obtained from the chemical reactions. 

Experimental Procedure
Friction stir welding.
[bookmark: _Hlk529527367]The first process is the friction stir welding. It is done in the following steps;
1. The friction stir welding is a solid-state welding process. The procedure of the friction stir welding is relatively easier to understand.
2. The materials to be joined are held together by rotary components with pins.
3. The surface of the weld line is travelled by the tool pin, keeping the shoulder in contact with the top surface.
4. The workpieces are not allowed to cover the longitudinal, vertical and lateral movements.
5. The workpiece is tightly held on a plate.
6. The pin and the joining surface are joined when the frictional heat produced by the rotating movement of the tool produces a soft region.
7. When the plasticized material gets extruded from the lead to the tail of the tool, a weld joint is produced.
8. This process uses a consumable tool in which the pin has threads around it.
Metal arc welding
[bookmark: _Hlk529527343]The second process is the gas metal arc welding. It consists of the following steps;
1. This process uses wire and a metal as the tools of joining the metals.
2. The metals are heated, melted and then joined.
3. The arc that is provided to melt the joining metals is protected by inert gases such as Ar or He.
4. In the same way, the pool of molten metals that contains the melted metals are also protected by the inert gases (Ar or He).
5. Sometimes Co is also mixed with the Ar for getting better penetration.
6. The arc saves the strength of the metal by not letting it exposed to heat for a longer time.

Tungsten arc welding 
This process is the tungsten arc welding. It consists of following steps;
1. In this process, a non-consumable tungsten electrode is used to produce an arc to melt the joining metals and produce a weld joint between them.
2. The tungsten electrode is fixed in a torch that is further connected to a gas cylinder.
3. To prevent the tungsten electrode from getting overheated, a copper tube which is water cooled is commonly used.
4. A nozzle is fixed on the torch of the shielding gas to maintain the flow rate and the direction.
5. The polarity in the tungsten welding process is either Direct-current electrode negative (DCEN) or Direct-current electrode positive (DCEP).
Autogenous laser welding process
The fourth process is the autogenous laser welding process. It consists of;
1. A solid state or a gas laser is used to fuse the two metals or even nonmetals.
2. Different optical techniques are used to increase the power of the laser beam.
3. Different capacity solid state lasers have been developed in the recent times.
4. For higher powers gas lasers are used.
5. The laser beams are used to produce a weld pool inn which the joining metals can be nonmetals as well.
Hybrid laser arc welding 
The fifth process is the hybrid laser arc welding. It has following steps;
1. In this process, laser beam along with an arc is used to heat the joining metals.
2. This will produce a high quality weld.
3. As a result this not only increases the ionization involved in the process but also the arc conductivity.
4. This method is commonly used to weld the metals that are not same.
5. It is commercially used for the welding of the higher strength materials.
6. The salient features of this welding include higher penetration, higher speed and excellent weld quality.
7. The arc is stabilized by the small spot of the laser beam.

Seam tracking feed-back control
[bookmark: _Hlk529527477]The sixth process is the seam tracking feed-back control. It consists of following steps;
1. This system consists of a laser-based vision sensor module, an image-processing module, and a multi-axis motion control module.
2. The surface that is to be measured is hit perpendicularly by a laser projection.
3. The data related to the height can be obtained by using the images.
4. The Y-axis contains the vision sensor. The vision sensor scans the whole surface when the moveable table moves along the scanning direction.
5. The physical vertical coordinates are recorded by the servomotor.
6. The image-processing module produces the whole 3d profile.
7. Lab View can also be used to develop the image-processing module.
8. The frames are obtained by the fire wire 1394 adapter.
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Figure-1 Distance vs Microhardness Graph
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Figure-2 Distance vs Stress Graph
Where,
HAZ = Heating affected Zone
FZ = Fusion Zone
Discussion:
From the observed pattern of microhardness vs distance plot it could easily be seen that with the increase of distance from the centerline microhardness increases to some extent at different points. In the heat affected zone are it increases rapidly and at the boundary of heat affected zone it drops abruptly showing the sudden decrease in numerical value.  In the Fusion zone microhardness almost remains constant due to the constant welding current but it starts decreasing when it enters in the heat affected zone at the boundary of fusion zone. The microstructure of the base metal is always altered by the fusion of its substance. Heat generated by the energy source, followed by the subsequent re-cooling of the material causes changes in the area surrounding the fusion zone. This changed area, also called the heat-affected zone (HAZ) can be of varying size and strength. In general, the extent and magnitude of the HAZ is inversely proportional to the diffusivity and cooling rates of the material, i.e. where thermal diffusivity is high, the material cooling rate is high and the HAZ is small; where thermal diffusivity is low, the cooling rate is slower and the HAZ is larger.
Behavior of stress vs distance plot is shown in above figure 2. This plot is indicating that with the increase in the distance from centerline value of stress changes and it is observed different at different points. In the fusion zone value of stress is observed to be increased. Value of stress less than zero indicates that this stress exists in compression state and value greater than zero indicates the stress occurs in tension. This unequal distribution of stress is due to the temperature difference in during the welding. Low transformation temperature welds metals are capable of producing compressive stresses and high transformation temperature weld metals produces tension test in the weldments. 
Conclusion:
By performing this lab of welding it is concluded that there are several methods of welding and each process has its own specifications and characteristics. Selection of the welding process is totally based upon the application of the base metal and its material. Moreover, it is concluded that heat effected zone should be avoided as far as possible. Uniform distribution of temperature is an important parameter to control during the welding process. Welding current determines the amount of heat generated during the welding process. Hence, Joining metals together by welding is a skill which demands precision and expertise. The quality of a weld is dependent on the combination of materials used for the base and the filler material. Overall environment of the lab was quite effective for learning.
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