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Objectives
The objectives fulfilled by this lab report include the following:
· To be more perfect and knowledgeable in doing welding processes which include; friction stir welding, laser beam welding, gas tungsten arc welding(GTAW), variable polarity plasma arc welding and gas metal arc welding (GMAW).
· To have an improved understanding in the preparation of experimental samples
· To build the knowledge on micro-hardness testing 
· To build knowledge and understanding on metallographic studies

Introduction
 Classical fusion welding was performed for the first time in 1000BC. The welding process was used to model metals into different shapes and sizes to suit the requirements of ancient beings. History shows that gold got the first test for welding among all other metals. The industrial revolution was also characterized by a change in welding that saw forged welding being applied which involved some use of heat. The oxy-acetylene flame was also discovered in the mid-19th century and got heavily used in metal welding.  There was a recommendable boost in welding due to the invention and wide use of electric power worldwide.
Fusion welding was termed as the most important joining process in construction activities. It aided in building the modern era in so many ways. The joining of metals involved the use of welding bolts and rivets.  Fusion welding has greatly been applied in making important items that include utensils, vehicles, metallic structure etc.  Coincidentally, Arc welding processes are used in the preparation of the vessels and ship building, airplane manufacturing companies and in the assembling of other modes of transportation. 
However, for whole arc welding to be most effective, the rate of transferred material should be put into a consideration. Controlling the factors that affect the material deposition rate improves the arc welding process. The latest innovations on the field of arc technology are aimed at suiting three key factors which include; standard quality of the welding, minimizing effort and labor and improving production capacity.  Automation of the process is certain in meeting the three key factors. This brings about remarkable changes in the welding sector. This increases the deposition rate of metals on the base metal hence strengthening the process in the little span of time. It has also achieved more indentation rates. The other pillar role played by use of technology or automation in the development of the welding is none other than more safety to the labor provided.  The developments include installation of sensors used to trace the line of the welding, speedy response to the new shapes, new material, and new properties. Recent studies are being done purposely to see that the preheating of the high strength steel alloy is stopped. Two most important developments in the field of arc welding recently include gas metal arc welding and inert gas welding. GMAW is a key innovation since it is an unending process. The productive rate of the GMAW has seen some extensive work done to control it and to regulate the deposition of the metal. GTAW stand out as another crucial development in the field of welding. The alternative of the conventional onsite welding techniques is established from the development of GTAW.
 	 Joining of metals has been eased by the use of laser technology characterized by paramount developments in last 7 to 8 years.  Finding a more reliable alternative of the old conventional welding techniques was the main objective behind the development of laser technology.  significant progress in the field of welding has been seen through by use of laser technology such as the case of hybrid laser-arc welding. Usage of electromagnetic fields is some of the paramount advancements in the welding process. These advancements have greatly reduced the pressure environment of the laser arc beam making significant progress application of welding of the thick materials like titanium and marine applications at large.  Joining metals with a minimum level of distortion, finding the right wavelength for the delivery of the beam through the fiber and achieving the high plug efficiency has been a success with the use of laser beam welding
 Arc welding, gas welding, and the chemical welding process are the different types of fusion joining processes. In the arc welding, the source of heat used for joining purpose is the electric arc while in the gas welding metals are joined using heat from a burning gas. In the chemical welding, chemical reactions provide the heat required. 

Experimental Procedure
Friction stir welding.
[bookmark: _Hlk529527367] Friction stir welding is the first process having the following steps;
1. The friction stir welding is a rigid welding process having a simplified procedure for easy understanding.
1. Ensure that materials ready to be joined are held together in position by rotary components with pins.
1. Let the tool pin travel the surface of weld line and ensure the shoulder is in contact with the top surface.
1. Don’t allow the workpieces to cover the vertical, longitudinal and lateral movements.
1. Ensure the workpiece is tightly held on a plate.
1.  Join the pin and the joining surface a soft region is produced from a frictional heat produced by the rotating movement of the tool.
1.  Note the weld joint produced from extrusion of the plastic-like material from head to tail of the tool.
1.  Let the pin have threads around it since the process uses a consumable tool
Metal arc welding
This is the second process having the following steps;
1. A wire and a metal in this process are used as the tools of joining the metals.
1. Ensure the metals are heated, melted and then joined respectively.
1.  Argon or Helium, inert gases, protect the arc provided to melt the joining metals.
1. The inert gases (Ar or He) protect the pool of metals in molten form in the same way as above.
1. For swift penetration,, Ar is mixed with Co.
1. The strength and durability of the metal is established by the arc barring it from exposure to heat for a longer lifespan

Tungsten arc welding 
 		The third process is the tungsten arc welding comprising the steps below;
1. Use a non-consumable tungsten electrode in this process to produce an arc, then melt the joining metals to produce a weld joint between them.
1. Connect the tungsten electrode fixed in a torch to a gas cylinder.
1. To prevent the tungsten electrode from getting overheated, Use copper tube cooled with water to prevent the tungsten from being overheated.
1.  Maintain the flow rate and the direction of the shielding gas by fixing a nozzle on the torch.
1.  Direct-current electrode negative (DCEN) or Direct-current electrode positive (DCEP) is the only polarities resulting from tungsten welding process.
The autogenous laser welding process
 This serves as the fourth process. It comprises of;
1.  Two metals or more metals are fused by a gas or solid state lesser. Also,, nonmetals can undergo the same
1. The ability of the laser beam can be improved through various optical ways.
1.  Of late, there is an advancement in the development of solid-state lasers with varied capacities.
1. Sometimes, gas lasers are used when specifications call for higher powers.
1. A weld area or pool is as a result of laser beams consisting of the converging metals or nonmetals 
Hybrid laser-arc welding 
 			Hybrid laser-arc welding stands as the fifth step. It has following steps;
1.  The converging or joining metals are heated with a laser beam along an arc inn this particular process.
1.  The quality of the weld is higher compared to previous processes.
1. Improved quality increases proportionally the ionization and conductivity of the arc
1. The paramount characteristics established her include high velocity, perfect weld quality, and higher penetration ability
1. Besides, the arc’s stability is perfected by a small area of the laser beam
1. Industrially important to maximize welding of materials of higher affinity and strength
1. This process is the the best fit for welding dissimilar metals

[bookmark: _GoBack]Seam tracking feed-back control
[bookmark: _Hlk529527477]The sixth and final process is the seam tracking feed-back control. It has the steps below;
1.  A laser-based vision sensor module, an image-processing module, and a multi-axis motion control module are what characterize this process.
2. A perpendicular view is done using laser projection on the very surface that one takes measurements.
3. The pictorial presentation helps obtain the data that can be of benefit. The data for the  the vertical dimension is obtained using servomotor.
4.the dimensions on the vertical axis can be recorded using a gadget called a servomotor
5.the vision sensor found in Y-axis can be used to obtain data in a specific direction. The table should move along the direction of scanning.
6.The 3- dimension profile bit of data is gotten from the image processing module.
7. Raw data observed in the lab can also contribute to the image-processing module
8. The fire wire 1394 adapter gives a greater kick to the frames.
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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 graph of microhardness vs distance from the centerline, it could be easily be observed that the proportional increase of distance from the microhardness from the centerline increases notably at different points of the graph. However, there is a rapid increase at heat affected zones and also the notably drops at heat affected zone’s boundary. The changes in the Fusion zone are totally different from heat affected zones. Microhardness tend to remain constant because the welding current remains constant but seems to decrease when it reaches the heat affected zone at the boundary of the fusion zone. The fusion of base metal’s substance altering the microstructure of the metal defines the above scenario. Several happenings can well be noted here; The source generates heat several re-cooling of the material is meant to bring changes in the area adjacent to fusion zone termed as the heat -affected zone which it’s dimensions and magnitude vary. This can be in terms of size and strength.  In general, the extent and magnitude of the HAZ are 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. This is well established in these practical.
	 Figure 2 above is a graph showing distance vs stress. From it, it is noted that when the distance increases from the centerline the values for stress are also affected respective of the change and at different parts of the graph there exist the variance. There is an increase in the values of stress, especially in the fusion zone. It is argued that when stress numerals remain at zero can is right to say that stress exists in a compression state. When there is a positive change from zero, it shows that stress occurs in tension especially for values above zero. Temperature variance during welding contributes to the unequal distribution of stress to a greater percentage. This justifies that weld metals with high transformation temperature give the best values for tension test while weld metals with low-temperature transformation give best values for compressive stresses in welding experiments.
			Conclusion. 
	From the practical entitled lab of welding, it goes without saying that the wide welding methods have unique features and specifications. There are factors that should be considered for one to get good results which include current. Heat used in welding is a product of current and hence will definitely have an effect on the heat of welding which is directly proportional. The temperature should also be managed at required range otherwise it will cause heat effected zones. This joining of metals and rivets can be can set up jobs in that experts are required with skills and knowledge to be able to perfect it. during the practical, all other factors in the room remained constant.
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