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ABSTRACT

	This experimental study was carried out to analyze voltage transients associated with synergic MIG welding of aluminium alloy 6061 for various plate thicknesses using different shielding gases and relation between these transients and observations is used to analyze the mode of metal transfer and weld bead geometry. The quality, efficiency and overall operating acceptance of the welding operation are strongly dependent on the shielding gas, since it dominates the mode of metal transfer. The shielding gas not only affects the properties of the weld but also determines the shape and penetration pattern as well. The type of metal transfer depend on many welding parameters as welding wire feed rate, arc voltage, nozzle to plate distance and types of shielding gas used. Easy, convenient and popular method to observe the mode of metal transfer is digital storage oscilloscope, in which the voltage transients were recorded during welding and analyzed.	 
The study of weld bead geometry is important, as it determine the stress carrying capacity of a weld. Fractional factorial technique of design of experiment was used to develop relationship for predicting weld bead geometry, which enables to quantify the direct and interaction effects. The response factors, namely bead penetration, weld width, reinforcement height as affected by arc voltage, wire feed rate, welding speed, gas flow rate and nozzle-to-plate distance for Argon, Helium and Argon+ 50% Helium mixture have been investigated and analyzed. The models developed have been checked for their adequacy and significance by using the F-test and the t-test, respectively. Main and interaction effects of the process variables on weld bead geometry are presented in graphical form. The developed models can be used for prediction of important weld bead dimensions and control of the weld bead quality by selecting appropriate process parameter values.

Keywords: Synergic MIG; Metal transfer; Weld Bead Geometry; Digital storage    
                     Oscilloscope; Voltage transients, Fractional Factorial Technique, 
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INTRODUCTION							               1
1.1 Introduction
Aluminium alloy 6061 is one of the most widely used alloys in 6000 series. 6061 is a precipitation hardening aluminum alloy, containing magnesium and silicon as its major alloying elements. It has good mechanical properties and exhibits good weldability. It is one of the most common alloys of aluminum for general purpose use.This standard structural alloy, one of the most versatile of heat treatable alloys, is popular for medium to high strength requirements and has good toughness characteristics. Aluminium alloy 6061 has excellent corrosion resistance to sea water. This alloy also offers good finishing characteristics and responds well to anodizing. Applications range from transportation components to machinery and equipments application to recreation products, consumer durables, construction of aircraft structures such as wings and fuselages more commonly in homebuilt aircraft than commercial or military aircraft, yacht construction  including small utility boats, bicycle frames and components, aluminum cans for the packaging of foodstuffs and beverages. 
Argon and Helium are shielding gases primarily used in gas metal arc welding. The primary function of the shielding gas is to protect the molten metal from atmospheric nitrogen and oxygen as the weld pool is being formed. The gas also promotes a stable arc and uniform metal transfer. The quality, efficiency, and overall operating acceptance of the welding operation are strongly dependent on the shielding gas, since it dominates the mode of the metal transfer [1, 4]. The shielding gas not only affects the properties of the weld but also determines the shape and penetration pattern. In recent years, there have been many attempts for investigating the influence of the shielding gas composition on the different aspects of GMAW. The development of welding shielding gas mixtures in recent years has been based on the need to establish a stable arc, to obtain a smooth molten metal transfer and to reduced fume emissions, which will improve process performance, productivity and control, and will reduce the risk of fusion defects [2]. Process productivity and quality, essential factors when considering automation and robotization, are strongly dependent on the shielding gases and mixtures used. Shielding of the arc and the molten weld pool is often obtained by using inert gases such as argon and helium with some oxidize gas. It was found that the variation in the shielding gas composition causes some changes in microstructure and weld shape. Many researchers have studied the influence of shielding gas composition on the apparent weld shape, on the surface tension of droplet that is traveling between electrode tip and weld pool, and on the mode of the droplet transfer and the amount of resulting fume. Shielding gases are responsible for the overall distribution of energy within the arc, and affects the penetration profile and the finished weld bead appearance. Some of the shielding gases have the ability to carry arc energy better than others, which is referred to as thermal conductivity, some of the shielding gas components, such as Argon and Helium ionize differently and have an affect on the cleaning action of the molten puddle.
Synergic MIG / MAG welding machine is used for spatter free and heavy duty welding of Carbon Steel, Alloy Steel, Stainless Steel, aluminium, Inconel etc. Synergic MIG having digital microprocessor controlled soft-ware based inverter type power source with single knob control through in built programs. Only base metal, wire diameter and shielding gas composition will be selected by welder and rest all parameters will be automatically selected by the Synergic control system. The automation of those procedures is made through the design of an algorithm that contemplates calculation routines and a database with the involved material information. From this logic appeared the so-called “synergic control”, which could be defined as “any system by which a significant pulse parameter is automatically amended in function of operational parameter (wire feed speed or average current), in such a way that a stable condition is maintained over a range of wire feed speed and average current level. Synergic MIG Welding links the welding parameters to the wire feed speed to achieve optimum welding conditions across the full range of wire feed speed for a given wire size. The synergic One Touch Control knob adjusts the arc energy over the available current range of the power source, while maintaining approximately the same arc length. An additional trim knob is also provided to allow the user to tune in the arc length for the particular welding job.



1.2 Motivation and objectives
	The welding technology is the backbone of the manufacturing industry which motivated to explore the frontiers of this field. Many researchers have attempted to investigate the effects of various process variables and shielding gases on the weld bead geometry and metal transfer.
	The main objective of this project was to study the effect of shielding gases (Argon, Helium and Argon+ 50% Helium mixture) and welding process parameters such as welding wire feed rate, arc voltage, welding speed, nozzle to plate distance and gas flow rate on metal transfer and weld bead geometry, and to develop mathematical models for evaluating the effects of welding process parameters on the weld bead geometry. 

1.3 Statement of the problem
          “Effect of shielding gases on metal transfer and weld bead geometry in the Synergic MIG welding of Aluminium alloy 6061”.
 The project describes the modes of metal transfer based on practical observations made during the welding of Aluminium alloy 6061 by bead-on-plate technique and estimates accurately the weld bead dimensions as affected by welding variables.

1.4 Plan of investigations 
In order to achieve the desired aim, the investigations were planned to be carried out in the following steps:
· Identifying the welding variables.
· Selection of the useful limits of the welding parameters, namely, open voltage (V), wire feed rate (W), welding speed (S), gas flow rate (G), and nozzle to plate distance (N) for Pure Helium, 50% Helium-Argon Helium mixture & pure Argon.
· Developing the design matrix.
· Conducting the experiment as per design matrix.
· Getting the voltage transient graph by using digital storage oscilloscope to analyze the types of metal transfers.
· Cutting the welded plates.
· Performing the etching process on the transverse section for projection of bead profile.
· Measuring the bead geometry on microscope.
· Development of mathematical models.
· Evaluation of co-efficient of equations.
· Checking adequacy of the models.
· Testing the significance of regression co-efficient and arriving at the final form of the mathematical models.
· Presenting the main effects and the significant interaction between different parameters in graphical forms.
· Analysis of results and conclusions. 


















LITERATURE REVIEW				        			     2

Many researchers and academicians of international repute have probed into the topic of study of effect of welding parameters on weld bead geometry whose name and work abstract has been given below:
Mohamad Ebrahimnia , Massoud Goodarzi, Meisam Nouri and Mohsen Sheikhi [1] studied the influence of variation in the shielding gas composition on the weld properties of the Steel ST 37-2. The influence of four different shielding gas compositions was studied in the work. After accomplishing some mechanical and metallographic tests, it was found that the absorbed energy in the Charpy impact test first increases then remains constant with increase of the amount of carbon dioxide in the shielding gas composition. 
I. Pires, L. Quintino and R.M. Miranda [2] studied the development of shielding gases for welding applications has been of increasing interest for two main reasons: to improve the productivity and the operating characteristics of the process and to reduce the healthy and safety problems due to fume and particle emissions.  Also outlines some of the most important features of seven shielding gas mixtures used and gives information about the influence of these mixtures on the process characteristics, namely on the metal transfer modes and fume emissions. The focus of their work was an experimental study of shielding gases aimed at analysing arc stability and transfer modes, as well as, fume formation, having in view the achievement of a better working environment for welders.
Danut Iordachescu, Luisa Quintino, Rosa Miranda and Gervasio Pimenta [3] studied the influences of the gases on the stability of the joining process and of the melted metal transfer through the electric arc. The influence of the type of the gas and welding speed, as well as other process parameters were addressed.  The bead appearance and shape were analysed, mainly underscoring the gases influences on the convexity of the bead, its colour, brightness, smoothness and surface pores formation.
MT. Liao and W.J. Chen [4] studied the microstructure and mechanical properties of AISI 304 stainless steel welds using the shielding gas. The spatter rates increase as the CO2 content of the Ar+CO2, shielding-gas mixtures increases from 2 to 20%. The notch toughness of all the weld metals is affected by the delta-ferrite and oxygen potential. 
Ahmet Durgutlu [5] studied the effect of hydrogen in argon as shielding gas for tungsten inert gas welding of 316L austenitic stainless steel. The microstructure, penetration and mechanical properties were examined. Pure argon, 1.5%H2–Ar and 5%H2–Ar were also used as shielding gas. 
Gupta V.K. and Parmar R.S. [6] developed a mathematical model by using fractional technique to predict the weld bead geometry and shape relationships for submerged arc welding of micro alloyed steel in the medium thickness range of 10 to 16 mm.
Murugan N. and Parmar R.S. [7] used response surface methodology (RSM) to establish quadratic relations between the welding process parameters and bead geometry for depositing stainless steel onto structural steel, using gas metal arc welding process..
Kanti K. Manikya and Rao P. Srinivasa [8] developed a back propagation neutral network model for the prediction of weld bead geometry in pulsed gas metal arc welding process. The back propagation network (BPN) system is one of the families of artificial neural network techniques used to determine welding parameters for various arc welding processes. They observed that the results obtained from neural network model are accurate in predicting the weld bead geometry. 
Paulo S.S. Bálsamo, Louriel O. Vilarinhoy ,Márcio Vilelaz, Américo Scottix [9] develope of an experimental technique for studying metal transfer in welding: synchronized shadowgraphy. The most popular method to identify the type of metal transfer and the moment in which the transfer occurs is based on an oscillographical analysis of voltage (voltage versus time). With the use of oscilloscopes, it is possible to observe the format of the current and voltage traces produced by welding processes. For instance, during short-circuiting transfer, when the droplet is starting its development, voltage oscillates around a mean value but tends to zero when the drop touches the pool (short-circuit). A voltage peak happens just after the drop detachment, due to the arc reignition phenomenon.
Daniel Vincent, John McCardle, Raymond Stroud [10] studied the mode of metal transfer and found that the weld parameters (current and voltage) can be adjusted to maintain the desired mode. The metal transfer mode determines heat input to the weld pool, size and shape of the heat affected zone and penetration. 
XU Guoxiang, WU Chuansong, [11] studied the numerical analysis of weld pool geometry in globular-transfer gas metal arc welding. A 3-D finite difference model for predicting the weld pool geometry in the case of globular transfer during the GMAW process has been developed. The heat energy delivered by metal transfer is approximated as different heat source modes at different welding parameters.
E. J. Soderstorm and P. F. Mendez [12] studied the choice of shielding gas affects welding quality through its influence on metal transfer and also has a direct impact on welding costs. argon costs two to three times as much as CO2. If it were possible to create welds of the same quality and deposition rates of high Ar mixtures with less expensive mixtures containing significant amounts of CO2, the savings in the welding industry would be substantial.
B. Budig, Mündersbach, Germany [13] studied inverter technology and a modern digital control that it became possible to intervene in the process at a fast control speed with a very short arc with longer short-circuits phases. The current is run down very quickly on re-ignition until the programmed nominal arc voltage is reached. This drastically reduces the power time period of the short-circuit phase and reduces the spatter formation to a tenable minimum
D. Iordachescu, W. Lucas, V. Ponomarev [14] studied modern welding power welding source can be considered to be a power block controlled, often by software, to stabilise the arc and to give the required static and dynamic characteristics. The power source characteristics must also ensure stable transfer of the molten metal from the wire to the work piece. The intention of this paper is to review current information and classification of metal transfer modes in GMA welding and to propose a revised IIW Classification which will cover the new transfer modes generated by the advances in the GMA welding process and power source technology.
Reeta Wattal and Sunil Pandey [15] studied the mode of metal transfer significantly influences the chemical composition and the properties of weld metal, metallurgy of weld metal, weld pool stability, fumes levels, arc stability, spatter losses and weld bead geometry/ strength of weldment.The modes of metal transfer is affected mainly by the type of the arc, welding current, electrode polarity, arc voltage, nozzle to plate distance, gas composition and flow rate.
M.Suben and J.Tusek [16] studied the melting efficiency in various shielding media (four shielding gases and a welding flux). A mathematical model for prediction of melting rate in TIME weldingwith solid and cored wires is presented. A comparison of for mathematical model for MIG/ MAG welding in Ar/CO2  gas mixture and TIME mixture, respectively is also made.
 P. Praveen, P.K.D.V. Yarlagadda and M.J. Kang [17] studied the several advancements in P-GMAW technology which needed due to good thermal and electrical conductivity of aluminium alloys. This paper reviews progress in performance of GMAW-P technology. Recent developments in the controlled transfer have achieved better control of GMAW-P and offer benefits in both production and quality. The use of intelligent microprocessor control in conjunction with automatic feedback control systems can provide implementation of quality systems at affordable price. With advent of technology and increase in the knowledge base about welding processes, future trend of GMAW-P machines is likely to be improved performance at
affordable price.
P.K. Palani and N. Murugan [18] studied the method of predicting the conditions that will give a good weld and this paper reviews various aspects of the pulsed GMA welding, the effects of pulse parameters and different methodologies adopted for selecting these parameters to obtain better quality welds. Parameters of these current pulses have a distinct effect on the characteristics viz., the stability of the arc, weld quality, bead appearance and weld bead geometry. Improper selection of these pulse parameters may cause weld defects including irregular bead surface, lack of fusion, undercuts, burn-backs and stubbing-in. Therefore, it is important to select a proper combination of parameters of the pulsed current for welding, which will ensure that the process gives proper results in all the above aspects.
Danijel Langus, Viljem Kralj and Janez Grum [19] studied synergic pulsed MIG/MAG welding with width-controlled sine-wave current pulses. Such a pulse-current waveform will be obtained if a power source is controlled by thyristors integrated in a power circuit with a constant pulse frequency. A momentary pulse current power, which is a product of a momentary value of current and voltage, can be controlled by the delay time of thyristor ignition. Analysis and optimisation of the material transfer through the arc using a limiting criterion determined by an isoparametric equation. By means of the results obtained in the investigation, a parametric diagram with the optimum welding region for a chosen droplet volume transferred through the arc can be determined. The material transfer established will satisfy the criteria set to ensure a stable droplet transfer with no spatter and production of a sound weld. It turned out that the type of synergic welding device suggested for pulsed MIG/MAG welding was suitable for the most exacting applications.
 M.St. Węglowski,  Y. Huang & Y.M. Zhang [20]  studied  that the wire feed has a significant influence on droplet diameter, droplet trajectory and droplet velocity. That method based on digital high speed camera and narrow band filter is very sensitive to the changes of welding conditions and should be used as a tool for monitoring of the GMAW process.
P. Praveen, M.J. Kang and P.K.D.V. Yarlagadda [21] studied the GMAW-P and found that Processes like GMAW-P introduce additional complexity (with need of defining supplementary variables such as peak current, base current, peak time, base time, frequency and duty cycle) which needs intense process knowledge for correctly defining pulsing parameters to achieve good quality. For achieving good weld quality one droplet should detach in every pulse to produce best weld quality with minimal defects and spatter. But depending upon the input pulse parameters, drop transfer can result in either one drop or multiple drops per pulse which directly influence the final weld quality. A statistical model was developed to estimate the number of drops transferred from the end of the electrode to the workpiece quantitatively using the pulsing parameters of the pulse waveform acquired during the real time operation, performing the multiple regression analysis between model and quantified number of drops transferred from the end of the electrode to the workpiece.
Raghawendra P S Sisodia, Reeta Wattal and M.S.Niranjan [22] studied the voltage transients associated with Synergic MIG welding of 304L SS for various plate thicknesses with 100% Argon as the shielding gas and the relation between these transients and observation is used to analyze the mode of metal transfer and weld bead geometry. To identify the mode of metal transfer and the moment in which the transfer occurs is based on an oscillographical analysis of voltage (voltage versus time) by using DSO with Synergic MIG machine. With the use of oscilloscope, it is possible to observe the format of the voltage traces produced by welding processes. For instance, during short-circuiting transfer, when the droplet is starting its development, voltage oscillates around a mean value but tends to zero when the drop touches the pool (shortcircuit). The weld bead geometry plays an important role in determining the mechanical properties of a weld joint. Its geometric parameters such as bead width, reinforcement height, and depth of penetration depends on the process parameters, such as wire feed rate, welding current, welding speed, plate thickness, etc. Therefore, it is important to set up proper welding parameters to produce a good weld bead.
V. Balasubramanian, V. Ravisankar and G. Madhusudhan Reddy [23] studied the fatigue properties of the welded joints by conducting fatigue test using rotary bending fatigue testing machine. Current pulsing leads to relatively finer and more equi-axed grain structure in gas tungsten arc (GTA) and gas metal arc (GMA) welds. In conventional continuous current welding resulted in predominantly columnar grain structures. Grain refinement is accompanied by an increase in fatigue life and endurance limit.
Reeta Wattal & Sunil Pandey, CPIE-2007 [24] developed mathematical models  by using fractional factorial technique to predict weld bead geometry and shape relationships as affected by welding wire feed rate, arc voltage, nozzle to plate distance, welding speed and gas flow rate in GMAW of aluminium alloy 7005. The adequacy of models and significance of the coefficients were tested by using the analysis of variance, ‘F’ test and Student’s‘t’ test respectively. The estimated and the observed values of weld bead penetration, weld bead height, weld bead width and % dilution for different rows of the design matrix have been compared through a scatter diagram


Summary 
	In this chapter different research papers published in the journals of international repute were studied and the end results of different experiments carried out by the researchers around the world are written in this chapter. After the review of these papers it was decided to investigate the influence of shielding gases on metal transfer and weld bead geometry in synergic gas metal arc welding on Aluminium alloy. 




























SYNERGIC METAL INERT GAS WELDING		     3

3.1 Introduction
	Synergic MIG welding process utilizes the heat of an arc between a continuously fed consumable electrode and the work to be welded. The metal melted off the electrode is transferred through the arc to the work where it becomes the deposited weld metal. Shielding is provided by an envelope of gas, which may be an inert gas, an active gas, or a mixture. The arc is protected from contamination by shielding gas. The electrode is fed into the arc automatically, usually from a wire spool. The arc is maintained automatically and travel and guidance can be manually or by machine [25].The process diagram are shown in Fig.3.1.
[image: ]
Figure 3.1 Process diagrams [29]




3.2 Equipment
	A synergic metal inert gas welding equipment, for a semi automatic system consists of, a power source, a wire feed unit, a welding gun, shielding gas supply system and a water cooling system, if used [Fig 3.2].
[image: ]
Figure 3.2 Block Diagram [29]



3.3 Metal Inert Gas Variables 
	All variables have a certain effect upon the weld bead geometry and rate of the deposit of weld material. Before starting synergic metal inert gas welding it is very essential to set several variables to correct range for achieving good quality welds. These variables in approximate order of importance are;
· Wire feed rate
· Arc voltage 
· Nozzle-to-plate distance
· Welding speed
· Gas flow rate
3.3.1 Effect of wire feed rate
	The setting of welding current is done by controlling the wire feed rate. Increase in wire feed rate results in increase of welding current, which leads to higher heat input & metal deposition and increase in weld penetration. Arc stability is lost below a minimum current density, so if the current for a given electrode diameter is too low, a ragged irregular bead is obtained. Too high current density also leads to instability because depth of fusion will be too great and the weld may melt through the backing. In addition to this, the higher heat developed may extend the heat affected zone (HAZ) of the adjacent area too much. Too high a current results from increased wire feed rate also means a waste of power and a waste of expensive welding wire in form of excessive welding metal reinforcement. 
3.3.2 Effect of arc voltage
	The potential difference between the tip of the welding wire and the surface of the molten base metal is known as arc voltage. This varies with the gap between the welding wire and the molten weld metal. When gap increases the arc voltage increases; and vice-versa.
	Weld metal deposition rate are determined mainly by the welding current. The voltage determines the shape of the fusion zone and the weld reinforcement. Higher range of arc voltage produce wider and comparatively less deeply penetrating welds than voltage range of lower side.
3.3.3 Effect of welding speed
	The changing of welding speed affects the bead shape for any combination of welding current and voltage. Due to decrease in welding speed, heat input per length of joint increases. Hence, the penetration and bead width increases. Excessively high travel speed will promote a crowned bead as well as the tendency for undercut and porosity. If the welding speed is increased, power or heat input per unit length of the weld is decreased, less welding wire is used up per unit length of weld and there is less weld reinforcement. If the welding speed is decreased; power or heat input per unit length of the weld is increased, more welding wire is used up per unit length of weld and more weld reinforcement. In addition to this pattern, welding speed may have another effect on the finished weld. Normally only welding current affects the penetration of the weld into the work piece. However, if the welding speed is decreased beyond a certain point, the penetration also will decrease. This happens because a good portion of the molten weld puddle will be beneath the welding wire and the puddle will cushion the penetrating force of arc. The penetration will increase since the welding wire moves ahead of the weld puddle if the speed is increase beyond a certain point. 
3.3.4 Effect of nozzle- to- plate distance
	This is an important factor in controlling the weld bead geometry and quality. The short a NPD results in damage to the gas nozzle by excessive heating while too long a NPD affects the shielding gas efficiency. Normal nozzle-to-plate distance should be approximately 1-1.5 times the consumable wire diameter.
3.3.5 Effect of gas flow rate
	Gas flow rate is dependent upon the size of the nozzle of the GMAW gun and it ranges from 4 to 40 l/min. Since shielding gas surrounds the arc area to protect it from contamination from the atmosphere. So, gas flow rate should be optimum. If gas flow rate is very low, puddle will be contaminated from the atmosphere and if gas flow rate is very high, excessive spatter, unstable arc will occur.  
3.4. Advantages	
	Advantage of using synergic metal inert gas welding is of greater speed, which is mainly due to continuous feed of filler metal so that welding need not be stopped to replace used-up electrodes. With change of base metal thickness no need to set welding current and other parameters manually so, less operator interface required. Absences of slag, which must be removed after each pass, as in SAW. Use of smaller diameter electrode for a given welding current, current density is higher and weld metal deposition rate is greater. Use of synergic metal inert gas welding process results in weld metal with low hydrogen content, which can be important in welding hard enable steels. The potential for deep penetration with synergic metal inert gas welding can allow of smaller fillet welds. Synergic metal inert gas welding is also better adopted for joining of thin sheets. With careful control of current characteristics, sheets as thin as 0.13 mm can be successfully welded. It is often possible to produce welds of higher quality by synergic metal inert gas welding. 

3.5 Limitations 
Synergic metal inert gas welding equipment is more complex, and consequently more costly and less portable. In synergic metal inert gas welding, the electrode holder must be close to the work therefore it is less adopted for welding in difficult to reach areas. In harden able steels; gas metal arc welded joints can be more susceptible to weld metal cracking because there is no slag cover to reduce the rate of cooling. Synergic metal inert gas welding requires positive protection from strong drafts which can blow the stream of shielding gas away from the weld. 


















EXPERIMENTAL SET UP				                4

4.1 Welding Machine
Instantaneous power control is only possible with inverter power sources and digital measurement recording and processing. Figure 4.1 shows a welding system developed specifically for “EWM force Arc” welding. Normal MIG/MAG welding and MIG/MAG pulse welding is an option, as well as manual arc welding and TIG welding, as this is a multi-process, universal system. The detail specifications of machine are given in Table 4.1. In the “forced” spray arc, a damaging rise in the power (current x voltage x time) – which in this power range would result in excessive spatter formation is prevented. The new arc operating status is especially well suited for applications in mechanical engineering and plant engineering, in vehicle construction, in steel construction, ship construction and in offshore technology. The most frequently used wire electrode diameters are 1.0 and 1.2 mm for steel and chrome/nickel/steel, 1.2 and 1.6 mm for aluminium applications. Depending on the parent metal, the shielding gases used are inert or mixed gases with high argon content.
	On synergic MIG machine the ideal working characteristics for frequently used welding tasks are saved on the machine. The operator of the system then needs to do, for example, is use buttons to set the material being welded, the required wire diameter and the connected shielding gas. This calls up the ideal pre programmed working characteristic. The output can be infinitely adjusted on a rotary dial and individual requirements relating to the optimum arc length can also be set using a correction control. The power source control takes place on the one-knob principle (Synergic). The electrical power and the wire feed speed are adjusted steplessly with one knob along a programmed characteristic. The arc length can also be corrected. The system comprising inverter and control gives the arc the capacity to react very fast to various influences in order to keep the power parameters constant independently of the cable lengths in the welding power circuit.
	The intelligent one touch control delivers the perfect welding parameters for both synergic non-pulse welding and synergic pulse welding over a wide range of different gas/wire/material thickness combinations. So, setting the optimum welding conditions is as simple as selecting the material thickness.
In synergic non-pulse MIG mode the One Touch Control links the wire feed speed to the arc voltage eliminating the guesswork to achieve the optimum welding parameters. 	When synergic pulse mode is selected, the One Touch Control adjusts all the pulse parameters – such as pulse height, pulse width, pulse frequency, background power and wire feed speed – via the micro-processor, giving you the perfect pulse welding performance.

Table: 4.1 PHOENIX 521 EXPERT Force Arc Specifications [27]
	Setting range Welding current
	5 A-   520 A

	Duty cycle (dc) at an ambient temperature
                                                                                          
                                          
	20 °C      40 °C


	                                     60 % dc

	-              520 A


	                                     80 % dc
	520 A            –


	                                     100 % dc   
	450 A      420 A

	Mains Voltage (tolerances)
	3 x 400 V (-25 % – +20 %)

	Mains Frequency
	50/60 Hz

	Max. connection power
	31.6 kVA

	Wire feed speed
	0.5 m/min - 24 m/min

	Weight wire feed unit approx.
	18kg

	Dimensions welding machine L x W x H [mm]
	1100 x 455 x 950

	Dimensions wire feed unit L x W x H [mm]
	690 x 300 x 410

	WF drive unit
	4-roller(37mm)

	Open circuit voltage
	79V

	MIG/MAG
	5A/14.3V-520A/40.0V






[image: download]
Fig. 4.1 PHOENIX 500 EXPERT PULS force Arc welding machine [28]

The buckling strength of aluminium wire is correspondingly lower. For this reason, only short tube packages can be used and the internal wire feed tube should be made from plastic due to the improved gliding properties. It is essential that the feed rollers do not damage the soft surface of the wire. Greater pressure points between the rollers must therefore be avoided. Multi-roller drive units have proven to be the most useful here (Fig. 4.2). The drive rollers for the steel should ideally have a trapezoidal groove. Push and pull type of welding gun is shown in Fig.4.3


[image: ]
Fig .4.2 View into a wire feed unit with 4-roller drive [28]
[image: ]
Fig.4.3 Push/Pull torch [28]

Figure 4.4 shows the control panel on a modern welding system equipped with even more sophisticated settings. In the centre part, the welding task can be set using jog buttons. As well as the material, the wire electrode diameter and the shielding gas, it is still possible to specify whether solid wire or flux-cored wire is used for welding, or whether there are special tasks at hand such as MIG soldering or deposit welding. The different levels of electrical conductance of pure aluminium, AlSi alloys and AlMg alloys require modified welding voltages. For this reason, as can be seen on the control panel, some characteristics are pre-programmed for these material groups, whereby an argon/helium mixture can also be selected in addition to pure argon. As the system is a multi process system, the required changes to the characteristics are made in the centre, as well those for other processes (TIG, MMA). In the left-hand part of the display, the output can then be set on the top rotary dial, the centre rotary dial can be used to correct the arc length and the lower dial changes the arc dynamics electronically. The current intensity and voltage relating to the selected operating point are shown on the display along with the weld able sheet metal thickness. The welding data used can be saved and retrieved at a later time.
[image: ]      [image: ]
     Welding machine                                                       
Fig.4.4 Control panel of the PHOENIX 521 EXPERT PULSE welding machine [27]
Modern, digital, inverter-based MIG/MAG systems (Figure 4.1) not only provide very good welding properties, but also excellent ease-of-use during the welding process. The user can access the expertise of the machine manufacturer who will have saved not only the appropriate characteristics (JOBs) for different welding tasks in the system, but who also allows entire welding programs to be stored in the power sources matched to the welding task. This is especially important when welding aluminium that due to some of its physical properties places higher demands on the exact settings of the welding systems. In addition to the use of the JOBs entered the machine manufacturer, the user  can also create and archive various program sequences and call them up again later as required.

4.2 Digital Storage Oscilloscope

General Features

100 MHZ (TDS220) bandwidth with selectable 20 MHz bandwidth limit.
1 GS/s sample rate and 2,500 point record length for each channel.
· Cursors with readout.
· Five automated measurements
· High resolution, high-contrast LCD display with temperature compensation and replaceable black light. 
· Setup and waveform storage.
· Autoset for quick setup.
· Waveform averaging and peak detection.
· Digital real-time oscilloscope.
· Dual time base.
· Video trigger capability.
· RS-232, GPIB, and Centronics communication ports easily added with optional extension modules.
· Variable persistent display.
· User interface available in ten user-selectable languages.
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Fig.4.5 Digital Storage Oscilloscope



4.3 Material Information
4.3.1. Base Material:	
The base material used in this study is 6061alumunium alloy strips of 6mm and 10mm thickness. Table shows the chemical, mechanical and physical properties of 6061 grade Aluminium alloy. 
Table: 4.2 Chemical composition ranges for 6061 grade Aluminium alloy [41]
	Grade
	C
	Mn
	Si
	P
	S
	Cr
	Mo
	Ni
	N

	6061
	min.
max.
	-
0.030
	-
2.0
	-
0.75
	-
0.045
	-
0.030
	18.0
20.0
	-
	8.0
12.0
	-
0.10


                   
Table: 4.3 Mechanical properties of 6061 grade Aluminium alloy [41]
	Grade
	Tensile Strength (MPa) min
	Yield Strength 0.2% Proof (MPa) min
	Elongation (% in 6.35mm) min
	Hardness

	
	
	
	
	Brinell (HB) max

	6061
	290
	241
	8
	95



Table: 4.4 Physical properties of 6061 grade Aluminium alloy [41] 
		Density (lb / cu. in.)
	Specific Gravity
	Melting Point (Deg F)

	0.098
	2.7
	1090



	

	
	

	
	

	
	

	
	



4.3.2 Filler Wire:
 Table shows the chemical compositions of the filler wire used in the experiments. The AWS recommended filler wire for 6061 is 4043. Wire of diameter 1.2 mm is employed as the welding consumable.      
Table: 4.5 Filler wire composition [41]
	Class
	Si
	Fe
	Cu
	Mn
	Zn
	Ti
	Mg
	Al

	4043
	4.5–6.0   
	0.80
	0.30 
	0.05
	0.10
	0.20
	0.05
	Remainder










4.4 Shielding Gases  
	The primary function of the shielding gas is to protect the molten metal from atmospheric nitrogen and oxygen as the weld pool is being formed. Besides, the gas also promotes a stable arc and uniform metal transfer. The quality, efficiency and overall operating acceptance of the welding operation are strongly dependent on the shielding gas, since it dominates the mode of metal transfer. The shielding gas not only affects the properties of the weld but also determines the shape and penetration pattern as well. During welding, the shielding gas also interacts with the welding wire to produce the strength, toughness and corrosion resistance of particular weld deposits [4]. The shielding gas also affects the residual contents of hydrogen, nitrogen and oxygen dissolved in the weld metal. The selection of the shielding gas should, by all means, take into account chemical–metallurgical processes between the gases and the molten pool that occur during welding. Density of the shielding gas has an important influence on the efficiency of shielding the arc and the weld pool against the ambient atmosphere [5]. The values indicating relative density of the shielding gas with regard to air are of primary importance. Argon and carbon dioxide are gases having by far the highest density and therefore, form an efficient gas shielding around the arc. However, the densities of hydrogen and helium are 10–20 times less than that of argon and thus, are prone to turbulent flow at the exit from the blowpipe nozzle due to thermal buoyancy. The major shielding gases that are used for the synergic metal inert gas welding process are argon, helium, carbon dioxide and oxygen. Argon is the principal inert gas used to weld nonferrous metals. Helium is used for better control of porosity and better arc stability because of its greater density. When mild steel is welded, carbon dioxide is the major shielding gas used in the synergic metal inert gas welding process because it has an extremely low cost when compared to the other inert gases, such as argon or helium and it is capable of producing a sound weld. The carbon dioxide gas metal arc process is one that reduces operator skill significantly while insuring proper weld beads [36].
4.4.1 Argon
 	Commercial argon (99.98%) is used as the shielding gas in all the experiments. Different flow rate of shielding gas are used in different modules ranging from 10-15 lit/min. Welding is performed by adopting a single pass bead on plate welding technique. Direct current electrode positive polarity is used to carry out the welding. Argon is the most common used shielding gas is argon which is approximately 1.3 times as heavy as air and 10 times heavier than helium. The gas is readily available in several grades, including a “high purity grade” refined to a minimum purity of 99.998%, or a welding grade, refined to a minimum purity of 99.995%. It is a chemically inert, colorless, odorless, tasteless non toxic gas. Argon provides greater cleaning action than other gases. Because it is heavier than air, argon blankets the weld from contamination. For this reason, argon is often used in combination with other gases for arc shielding. Argon reduces spatter by producing a quiet arc and reducing arc voltage that results in lower power in the arc and thus lower penetration. The combination of lower penetration and reduced spatter makes argon desirable when welding sheet metal. The low ionization potential (good electrical conductivity) of argon helps create an excellent current path and superior arc stability. The use of pure argon to weld steel usually results in undercutting, poor bead contour, and the penetration is somewhat shallow [36].
Table: 4.6 Physical properties of Argon gas [41]
	Metric Units  
	Boiling point
@ 101.325 kPa
	Gas Phase Properties
@ 0° C & @ 101.325 kPa
	Liquid Phase Properties 
@ B.P., & @ 101.325 kPa
	Triple Point
	Critical Point

	
	Temp.
	Latent Heat of Vaporization
	SpecificGravity
	Specific Heat (Cp)
	Density
	Specific Gravity
	Specific Heat (Cp)
	Temp.
	Pressure
	Temp.
	Pressure
	Density

	Substance
	Chemical
Symbol
	Mol.
Weight
	°C
	kJ/kg
	Air = 1
	kJ/kg ° C
	kg/m3
	Water = 1
	kJ/kg ° C
	°C
	kPa abs
	° C
	kPa abs
	kg/m3

	Argon
	Ar
	39.95
	-185.9
	162.3
	1.39
	0.523
	1.7837
	1.40
	1.078
	-189.3
	68.9
	-122.3
	4905
	535.6




	Argon produces a constricted arc column with high current density which causes the arc energy to be concentrated over a small surface area. The result is a penetration profile, having a distinct “finger like” shape, as shown in figure 4.6. The chief factor influencing shielding effectiveness is the gas density. Argon after leaving the torch gas nozzle/cup tends to form a blanket over the weld area. Impurities such as moisture and oxygen can cause variable arc behavior and a reduction in the weld metal properties. Argon is used for welding a wide range of materials including mild steel, aluminium, copper, stainless steel, nickel alloys and the reactive metals, titanium and magnesium.
The reduced penetration of an argon shielding arc is particularly helpful when manual welding thin material, because the tendency for excessive melt-through is lessened. The reduced penetration tendency is advantageous in vertical or overhead welding since the tendency for the weld metal to run or sag is decreased. 
Comparison of arcs in argon and helium atmospheres is shown in Fig.4.6.

[image: ]
Fig. 4.6 Comparison of arcs in argon and helium atmospheres

Argon is used more extensively than helium because of; easier arc initiation, better control of the pool, smoother and quieter arc action, lower cost and greater availability and lower flow rates for shielding.


4.4.2 Helium
Helium is one of the lightest mono atomic gases; the density of helium is approximately 0.14 times that of air (lighter).  Approximately ten times lighter than argon. It has an atomic weight of four.  The density of helium is~0.1785 gm\L at STP. Helium is significantly more expensive than argon. The welding gas is available in a welding grade of approximately 99.95%purity, or a high purity grade of 99.995%. For most applications, welding grade helium is satisfactory. Helium is a chemically inert, colorless, odorless and tasteless gas.
Table: 4.7 Physical properties of Helium gas [41]
	Properties of Helium
	Boiling Point
@ 101.325 kPa
	Gas Phase Properties
@ 21° C & @ 101.325 kPa
	Critical Point

	
	Temp.
	Latent Heat of Vaporization
	Specific Gravity
	Specific Heat (Cp)
	Density
	Temp.
	Pressure
	Density

	Substance
	Chemical
Symbol
	Mol.
Weight
	°C
	kJ/kg
	Air = 1
	kJ/molK
	kg/m3
	° C
	bar
	kg/m3

	Helium
	He
	4.0026
	-268.9
	20.3
	0.138
	0.02
	0.169
	-268
	2.275
	69.64



Helium, because it is lighter than air, tend to rise around the gas nozzle/cup. To produce equivalent shielding effectiveness, the flow of helium must two to three times that of argon. The higher ionization potential of helium, approximately 
25eV compared to 16eV for argon, produces a significantly higher arc voltage. For given values of welding current and arc length, helium transfers more heat into work than argon. Since the arc formed in is considerably hotter than with argon, and because it has higher thermal conductivity, it can often promote higher welding speeds, improved bead wetting and improve the weld bead penetration profile (deeper penetration and flatter surface profile). The greater heating power of the helium arc can be advantageous for joining metals of high thermal conductivity and for high speed mechanized applications. Also helium is used for welding heavy plates.
Although helium offers definite advantages for some applications, it produces less stable arc and arc starting characteristics than argon. Helium requires shielding flow rates than argon. As little as 5% argon in Helium, dramatically increases the ease in initiating the arc.
Aluminum welding with pure helium does not give the cleaning action that pure argon experiences but is beneficial and sometimes recommended for welding thick aluminum. The helium arc column is wider than argon which reduces current density. The higher voltage gradient causes increased heat inputs over argon thus promoting higher puddle fluidity and subsequent bead wetting. This is an advantage when welding aluminum, magnesium and copper alloys. Helium is often mixed with various percentages of argon to take advantage of the good characteristics of both gases. The argon improves arc stability and cleaning action, in the case of aluminum and magnesium, while the helium improves wetting and weld metal coalescence.
4.4.3 Argon-Helium Mixture
Regardless of the percentage, argon-helium mixtures are used for non-ferrous materials such as aluminum, copper, nickel alloys and reactive metals. These gases used in various combinations increase the voltage and heat of GMAW arcs while maintaining the favorable characteristics of argon. Generally, the heavier the material the higher the percentage of helium. Small percentages of helium, as low as 10%, will affect the arc and the mechanical properties of the weld. As helium percentages increase, the arc voltage, spatter and penetration will increase while minimizing porosity. A pure helium gas will broaden the penetration and bead but depth of penetration could suffer. However arc stability also increases. The argon percentage must be at least 20% when mixed with helium to produce and maintain a stable spray arc. There are some Argon-Helium mixtures shown [41]:
· Argon-helium A-25 (75% argon/25% helium) is used for nonferrous base when higher heat input and good weld appearance are needed. 
· A-50 (50% argon/50% helium) is used for nonferrous metals thinner than 0.75 inch for high-speed mechanized welding.
· A-75 (25% argon/75% helium) is used for mechanized welding of thick aluminium. Reduces weld porosity in copper.













METAL TRANSFER				                        5

5.1 Introduction
Metal transfer describes the process of the molten metal movement from the electrode tip to the work piece in metal inert gas welding. A better understanding of the metal transfer process is important for improvements in the quality and productivity of welding.  The mode of metal transfer significantly influences the chemical composition and the properties of weld metal, metallurgy of weld metal, weld pool stability, fumes levels, arc stability, spatter losses and weld bead geometry/ strength of weldment. The modes of metal transfer is affected mainly by the type of the arc, welding current, electrode polarity, arc voltage, nozzle to plate distance, gas composition and flow rate [15]. While several distinct modes of the metal transfer have been classified, the globular and spray transfer modes have received attention from many investigations. In the globular transfer, the diameter of the drop is much greater than that of the electrode. Spray transfer can be further classified as drop (projected) spray or streaming spray, depending on the diameter of the drop in relation to that of the electrode: approximately the same in drop spray or much smaller in streaming spray [30].  It is found experimentally that a sharp transition in the drop detachment frequency and size occurs when the mode changes between the globular and spray transfer modes. A bifurcation in the drop detachment frequency and the drop size has been observed in the middle of the transition current range.

5.2. Metal transfer modes in synergic metal inert gas welding process 
	There are various modes of metal transfer that takes place depending upon the welding conditions. One of the most up-to date and comprehensive metal transfer mode during arc welding was written by Lancaster [30]. According to the International Institute of Welding (IIW) nomenclature referenced in his book [31], metal transfer can be classified into three main groups: free flight transfer, bridging transfer and slag protected transfer. Free flight mode of transfer can still be sub classified as drop, repelled, projected, streaming or rotating. In free-flight transfer, the electrode does not contact the molten metal pool. Metal droplet detaches from the tip of the electrode and move across the arc column. When the electrode contacts the weld pool, bridging transfer occurs. For welding process that uses large amount of fluxes, metal transfer may involve layers of slag, known as slag-protected transfer. The mode of metal transfer, which are operative at any instances during welding ,are also dependent upon several forces that act upon the molten droplet growing at the tip of the electrode [32-33].  However, six fundamental metal transfer modes are illustrated in Figure 3.3. Short circuiting transfer mode uses in a very short arc, regularly interrupted by a bridge of molten metal which obviously generates a short circuit welding current. The bridge, as well as detachment of the molten metal toward the welding pool is governed mainly by the surface tension force resultant force, which is mainly well balancing the other influences. The short circuiting mode of metal transfer allows all position welding and the welding of thin materials. Globular drop transfer big drops of molten (bigger than the diameter of the electrode wire), with a reduced frequency (usually there is just a single drop flying in a certain moment). Increasing the welding current the globular repelled transfer mode occurs; characterizing the CO2 consists in an upward repelled molten metal big “long drop as shown in figure3.3. In globular drop and globular repelled, gravity force is the resultant force, which is responsible for well balancing and detachment of the molten metal from the end of the electrode wire. It is used only in the flat position [34]. 
	Drop spray is a unique phenomenon which occurs in the region of the spray transition current. The metal drop is defined as near spherical with a diameter slightly larger than the electrode wire (20-40%), while the transfer is quite axial, producing low fume. With the increase of the current when the drops becomes smaller and more frequent as a real shower the transfer becomes streaming. Finally at very high values of the welding current the molten metal is purely flowing but the stream is rotating due to the strong electromagnetic fields generated by the high values of the current.

5.2.1 Short-Circuiting Arc Transfer
	The material transfer from the wire electrode to the work piece takes place because of the influence of gravity and under short-circuits formation. Short-circuiting arc transfer is also known as short arc and it is shown in Fig.5.2. Short arc was developed to eliminate
[image: ]

Figure 5.1 Classification of metal transfer in synergic MIG welding processes [34] 
distortion, burn-through, and spatter when welding thin-gauge metals. It can be used for welding in all positions, especially vertical and overhead where puddle control is more difficult. In most cases, it is used with current levels below 200 amperes and wire of 0.045 of an inch or less in diameter. Small wire produces weld puddles that are small and easily manageable [37].
	Short circuiting transfer uses the lowest welding currents and voltages, which consequently produces very low heat input. In this mode of welding, the metal is not transferred across the arc gap, but from the electrode to the work only during a short period when the welding wire is in contact with the weld pool. When the electrode wire tip touches the weld pool, the arc extinguishes, the voltage goes down and amperage rises. At this moment, metal is transferred from the melted electrode tip to the weld pool with the help of surface tension of the melted weld metal. When the droplet from the tip of the wire passes to the weld pool there is no more metal connection and the arc is re-established. At the heat of the arc tip, the electrode is melted and as the wire is fed towards the weld pool the next short circuit occurs. The rate of current increase during the short circuit is controlled by the induction of the power source, whereas the re-ignition and the maintenance of the arc are provided by the energy stored in the inductor during the short circuiting period. The electrode contacts the weld pool at a random frequency, which ranges from 20 to 200 contacts per second depending on the current voltage and amperage. The drop size and the short circuit duration are influenced by the composition of the shielding gas, which affects the surface tension of the molten metal. This mode of metal transfer in MIG is normally applied with CO2-rich mixed shielding gas on ferrous metals. A correctly set arc produces a small amount of spatter and a relatively small, fast freezing and easily controlled weld pool. Because of this, this model of metal transfer is well suited for thin sections, for off-position welding and for building up bridges on large root openings.
	The arc will give a steady, typical crackling sound, constant, smooth, rapid and consistent. It is an important clue to judge the process parameters. Listen to the sound: if it is a harsh, irregular high sound, then the voltage is too low. If the sound is soft and fluffy then the voltage is too high. The faster the wire is coming out of the gun, the more current we may draw. In short circuit transfer mode we may feed the wire at 100 to 350 inches per minute (2.5 to 8.9 m/min). This will deliver a short circuit current range of 70 to 200 amps.
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                       Fig. 5.2 Short Circuit Transfer

5.2.2 Globular Transfer
	Globular transfer occurs when the welding current is low. Because of the low current, only a few drops are transferred per second, whereas many small drops are transferred with a higher current setting. In this type of transfer, the ball at the tip of the electrode grows in size before it is transferred to the work piece. This globule tends to reconnect with the electrode and the work piece, causing the arc to go out periodically. This results in poor arc stability, poor penetration, and excessive spatter. Globular transfer is not effective for GMA welding. When it is used, it is generally restricted to thin materials where low heat input is desired. The steps involved in globular transfer are shown in Fig. 5.4. The shape of transients shown in fig.5.3 for short circuit and spray transfer.

5.2.3 Spray-Arc Transfer
 	The material transfer from the wire electrode to the work piece takes place with a shower of small, fine droplets and without short circuits. Because of the high welding current, the accelerating forces on the relatively small droplets are so strong that the droplets are hurled onto the work piece in any desired direction, Fig. 5.5. This arc can only be formed with the appropriate shielding gases (argon or mixed gases containing argon and a CO2 percentage below 20%) with sufficiently high current and voltage values.
[image: ]
Fig. 5.3: Shape of current intensity and arc voltage in controlled transfer: (a) 2-step current, 3-step voltage, short circuit and (b) 3-step current and voltage, drop spray. Current pulse shape and the main parameters: Ip – pick current intensity; Ib – background current intensity; Tp – pulse time; Tb – background time [3].

[image: ]
Fig. 5.4: Globular Transfer

The advantages are the directed, concentrated energy flow for the material transfer and a very stable arc. It can be applied from the area of medium plate thicknesses. This type of transfer is effective for welding heavy-gauge metals because it produces deep weld penetration. The use of argon or a mixture of argon and oxygen are necessary for spray transfer. Argon produces a pinching effect on the molten tip of the electrode, permitting only small droplets to form and transfer during the welding process [37].
	Under an argon-rich shielding gas, increasing the current and voltage causes a new mode of metal transfer to appear: the tip of the wire electrode is tapped, the sizes of the droplets become smaller and they are directed axially in a straight line from the wire to the weld pool. The current level above by which this mode of metal transfer begins is called transition current. The droplets are much smaller than the diameter of the wire and they detach with pinch force much more rapidly than with the globular transfer mode, there is very little spatter and the surface of the weld bead is smooth. The rate of transfer of droplets can vary from less than one hundred times of a second up to several hundred times of a second. As the current increases the droplet size decreases and the frequency increases. If the current level in this mode of transfer is high enough the necking effect of the pinch force and the arc forces accelerate the droplets to velocities which overcome the gravity forces. Therefore spray transfer can be used under certain conditions in out-of-position welding. Although the high deposition rate produces a large weld-pool, this can not be supported only by the surface tension of the molten metal in vertical and overhead welding. This problem is overcome by a new technique called pulsed current transfer [38].
[image: ]
                         Fig. 5.5 Spray Transfer


5.3 Shielding Gas Flow Rates
Shielding gas flow rates are based on the gas nozzle/cup size, weld pool size and air movement.  In general, the flow rate increases the proportion to the cross section area at the gas nozzle/cup. The gas nozzle/cup diameter is selected to match the size of the metal-pool and the reactivity of the metal to be welded. The minimum flow rate is determined by the need for a stiff stream of shielding gas to overcome the heating effects of the arc and local drafts. With the more commonly used manual torches, typical shielding gas flow rates are 10 to 25 ft/h for argon and 25 to 45 ft3/h for helium. Excessive flow rate scan cause turbulence in the gas stream, which may aspirate atmospheric contamination into the weld pool. Turbulence in the gas flow rate can cause instabilities in the welding arc. Sharp bends, sharp edges and massive volume changes in the gas supply system may cause turbulence in the gas flow.


[image: ]
Fig. 5.6   MIG weld bead profiles with several shielding gases

                             
5.4 Experimental Procedure
In this study the welds were made using, microprocessor controlled and  inverter based power source, synergic MIG welding machine “EWM force Arc 521” as shown in the fig.  Fig. 4.1 shows the schematic diagram of the semi-mechanized welding station used during the experimentation. During welding, machine was connected with digital storage oscilloscope in parallel and DSO was connected with printer in order get the printout of the transient during welding. Welding gun was placed perpendicularly to aluminium strips. In the welding experiments, an aluminium filler wire with a 1.2-mm diameter was used. All experiments were carried out with nozzle to plate distance (NPD) of 20mm & 30mm, using pure Argon, pure Helium and 50%Argon-Helium mixture as shielding gas at flow rates of 15 & 25 lit/min. Bead on plate welding was performed on Aluminium strips of thicknesses 6 mm & 10mm. Experimental set up is shown in Fig.5.7.
[image: C:\Users\AKSHI\Desktop\Capture.PNG]
Fig.5.7. Experimental set up for synergic MIG welding






5.5. Plan of Investigations [24]
In order to achieve the desired aim, the investigations were planned to be carried out in the following steps:
· Identifying the welding variables
· Selection of the useful limits of the welding parameters, namely, open voltage (V), wire feed rate (W), welding speed (S), gas flow rate (G), and nozzle to plate distance (N) for Pure Helium, 50% Helium-Argon Helium mixture & pure Argon
· Developing the design matrix (Design of Experiments)
· Conducting the experiment as per design matrix
· Recording the voltage transients using digital storage oscilloscope to analyze the types of metal transfers.
· Cutting the welded plates 
· Polishing and etching process on the transverse section for projection of bead profile
· Measuring the bead geometry on microscope 
· Development of mathematical models
· Evaluation of co-efficient of equations
· Checking adequacy of the models
· Testing the significance of regression co-efficient and arriving at the final form of the mathematical models
· Presenting the main effects and the significant interaction between different parameters in graphical forms
· Analysis of results and conclusions

5.6. Identifying the Welding Variables 
The welding variables were identified to develop mathematical models to predict weld bead dimensions and shape relationships. These included independently controllable welding parameters like wire feed rate (W), arc voltage (V), nozzle-to-plate distance (N), welding speed (S) and gas flow rate (G). The weld bead geometry and shape relationship chosen for this study were penetration (p), weld bead width (w) and reinforcement height (h). Therefore it was decided to take all these parameters in to account to design the experiments.

Two-level quarter fractional factorial designs of weld runs each for three shielding gases/ gas mixture was selected for determining the effect of five direct welding parameters on weld bead geometry. The technique also quantified the two parameter interaction effects. 

5.7. Selection of the Useful Limits of  Welding Parameters 
	The two levels selected for each of the five variables are shown in Table 5.1. 

TABLE: 5.1 Welding parameters and their limits
	Parameters Used
	Notation
	Units
	Level
	Coding

	
	
	
	Low
	High
	Low 
	High

	Wire feed rate
	W
	m/min
	4.9
	6.8
	-1
	+1

	Arc voltage
	V
	volts
	26
	29.5
	-1
	+1

	Nozzle to plate distance
	N
	mm
	20
	30
	-1
	+1

	Welding speed
	S
	Cm/min
cm/min

	30
	60
	-1
	+1

	Gas flow rate

	G
	Ltr/min.
l/min
	15
	25
	-1
	+1



For the convenience of recording and processing the experimental data, the upper and lower levels of the variables were coded as +1 and -1, respectively and the coded values of any intermediate levels were calculated by using the expression [24],              
	

	



Where,			Coded value of the parameter

			Natural value of the parameter

			Natural value of the basic level

			Variation interval

			Number of the parameter



5.8 Design of Experiments (D.O.E.)
	It is highly essential to design an experiment to determine the effects of variable and welding parameter on the various welding responses on a sound basis rather than a commonly employed trial and error basis in conjunction with a small number of repeat experiments for conformation of results. [40] Apart from the trial and error method of investigation the following techniques are commonly employed by researches.
· Theoretical approach
· Qualitative approach
· Qualitative cum dimensional analysis method
· General quantitative approach
5.8.1 General Guantitative Approach [40]
	This method is most commonly used to design the experiments for welding research to predict the effects of welding input parameters on the output parameters or responses. Bases on the result of the factorial designed experiments, regression equations are established using the method of least squares. The correlation co-efficient is a number between +1 and -1 with the intermediate value of zero indicating the absence of correlation but it does not mean that variations are also independent. The limiting value of correlation co-efficient indicates perfect positive or negative correlation. The F-ratio is measure of scatter of the observed values about a predicted curve and it lies between zero and infinity. The larger the value of F the lesser the scatter so in general this approach helps in minimizing the cost and time of testing and of the same time increase the chance of success.  
	It is evident from the comparison of various research techniques that the general quantitative approach is based on a more sound logic than any other approach for the generalization of research data. Thus it was decided to make the approach, the basis of designing the experiments. There are various techniques available from the statistical theory of experimental design, which are well suited to engineering investigations. One such technique is a two level factorial design for studying the effects of parameters of responses, and this is one, which is selected for experiments.
	The load carrying capacity and other vital characteristics of the weld metal is broadly decided by the study of bead geometry and the shape relationship. It is greatly influenced by process parameters, via, wire feed rate, arc voltage, welding speed, gas flow rate, and nozzle to plate distance. It is therefore necessary to analyze the effects of all these parameters and shape relationship responses to be able to define welding process accurately. Conventional methods of experimentation with multiple parameters and responses are time consuming, costly and even inadequate for the prediction of bead geometry responses.

5.8.2 Factorial Design [40]
	Factorial design is a standard statistical tool to investigate the effects of number of parameters on the response or output parameter. The most important advantage of this design is that the numbers of parameters are simultaneously studies for a more complete insight into the combined effects of the parameters on the response. In addition to that the interaction between two or more parameters can also be evaluated which is not possible with the conventional approach. Since in that approach all parameters, other than one investigated are held constant. 
The experimental plan is to first choose fixed number of level for each of the parameters believed to affect the system under study. The simplest and most economical factorial design is to use two levels for each parameter. With each parameter at two levels, the full factorial design consists of 2K runs at all possible combinations of testing condition. Where K is the number of variables. The number of runs required by a full 2K factorial design increases geometrically as K is increased and the large increase in the number of trials called for  is primarily to provide for estimates of increasing number of higher order interactions which most likely do not exist. Therefore experiments for such estimates would be wasted, increasing cost and time of experimentation. Under such conditions it is possible and advantageous to use only part of the full factorial design i.e., fractional factorial design and the concept of confounding (mixed up) with the effects of higher order interactions and since these interaction effects are assumed to be small and thus neglected. Here only five variables are taken due to Lab Constraints, so friction factorial design is selected. Here number of trial is 2K-2 = 25-2 = 23 = 8, where K = number of controllable variable. 
5.8.3. Developing the Design Matrix
	Table 5.2 shows the 8 sets of coded conditions used to form the design matrix of 25-2 fractional factorial design. 

Table 5.2 Design Matrix
	Trail
number
	
b0
	W
b1
	V
b2
	N
b3
	S
b4
	G
b5

	1
	+
	+
	+
	+
	_
	+

	2
	+
	_
	+
	+
	+
	_

	3
	+
	+
	_
	+
	_
	_

	4
	+
	_
	_
	+
	+
	+

	5
	+
	+
	+
	_
	+
	_

	6
	+
	_
	+
	_
	_
	+

	7
	+
	+
	_
	_
	+
	+

	8
	+
	_
	_
	_
	_
	_



Salient features of Design Matrix table are:
· Trials indicate the sequence number of run under consideration.
· b0 represents the mean parameter of the experiment.
· b1, b2, b3, b4 and b5represent the notation used for controlled variables in the order of wire feed rate, arc voltage, nozzle-to- plate distance,  welding speed and gas flow rate respectively.
· The signs + and - as already indicated refer to the upper and lower levels of that parameter under which they are recorded. The levels (or signs) for the parameter b4 & b5 are derived by the relation b4= -b1 b3 & b5= b1b2 b3.





5.9. Conducting the Experiments as per Designed Matrix
	Initially aluminium plates of 6 mm & 10 mm thickness were cut in to the size 50mm X 150mm by using hydraulic power hacksaw. Now aluminium plates are cleaned by soap and water to remove any dirt or oil on the plates. After wiping from cotton clothes, the plates are put in hot air oven to dry. Then the surfaces of the plates were cleaned by means of emery paper and wire brush to remove oxide coating. 
	The experiments were conducted on the Gas metal arc welding setup which consists of a power source, a wire feed unit, a welding gun, shielding gas supply system and a travel mechanism. The power source employed was a digital inverter unit of 520 amps current capacity at 60% duty cycle and open circuit voltage 79 volt dc. aluminium wire of 1.2mm diameter and pure Helium, 50% Helium-Argon mixture & pure Argon gas as the shielding gas used in  experiments. Direct current electrode positive (DCEP) with electrode to work angle of 900 was maintained during welding.
	Welding was carried out in single pass by using bead-on-plate technique. Weld beads were deposited as per the design matrix. Three sets of 8 trials for each gas were taken.

5.10. Recording the Voltage Transients 
Voltage transients were taken by coupling the DSO parallel to synergic gas metal arc welding machine. With the help of a printer connected to DSO, prints of transients were taken to analyze the types of metal transfers.
5.11. Cutting the Welded pieces
 	 Specimens of 25mm width were cut transverse to the weld bead from each welded plates with the help of power hacksaw.
5.12. Polishing and Etching Process 
 	Polishing and etching process on the transverse section for projection of bead profile
 The specimens were ground, polished. The specimen first dry polished with various types of emery papers and after that on a rotating disc polishing station with a paste of alumina abrasive powder, at varying rotating disc revolutions, and water. 

Finally the specimens were double etched with the following solutions and then washed off with the water.
Sol1: 2g NaOH + 100ml distilled water
Sol2: 4g KMnO₄ +2g NaOH + 100ml distilled water
All specimens were etched to reveal the bead profile.

5.13. Measuring the Bead Profile
	Weld bead profiles or bead dimensions viz., penetration (p), width (w) and reinforcement (h) were measured with the help of tool wear microscope.  Weld bead geometry shown in figure 5.8.
[image: ]
          Figure 5.8 weld bead geometry [25]  
Where,	 w	=	bead width
p	=	bead penetration / depth of penetration
h	=	reinforcement height / bead height / crown height
α	=	angle of convexity
β	=	angle of entry
Ap	=	area of penetration
Ar	=	area of reinforcement


5.14. Results:
From the review of literature, it is evident that the main welding parameters affecting the mode of metal transfer are the arc length and welding current that are effectively controlled by arc voltage and welding wire feed rate respectively. Thus keeping these two parameters as control variables, the eight trials of the design matrix were divided into four groups, as shown below [15]:
	High welding wire feed rate and high arc voltage
	(Rows 1 and 5)

	High welding wire feed rate and low arc voltage
	(Rows 3 and 7)

	Low welding wire feed rate and high arc voltage
	(Rows 2 and 6)

	Low welding wire feed rate and low arc voltage
	(Rows 4 and 8)



Voltage transients and weld bead profiles and cross section for different rows of design matrix for argon, helium and argon+ helium gas mixture are shown in Figure-5.9 to 5.32
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Figure 5.9: Voltage transients and weld bead profile for Argon (Row 1)
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Figure 5.10: Voltage transients and weld bead profile for Helium (Row 1)
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Figure 5.11: Voltage transients and weld bead profile for Argon+Helium (Row 1)
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Figure 5.12: Voltage transients and weld bead profile for Argon (Row 5)
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Figure 5.13: Voltage transients and weld bead profile for Helium (Row 5)
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Figure 5.14: Voltage transients and weld bead profile for Argon+Helium (Row 5)
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Figure 5.15: Voltage transients and weld bead profile for Argon (Row 3)
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Figure 5.16: Voltage transients and weld bead profile for Helium (Row 3)
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Figure 5.17: Voltage transients and weld bead profile for Argon+Helium (Row 3)
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Figure 5.18: Voltage transients and weld bead profile for Argon (Row 7)
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Figure 5.19: Voltage transients and weld bead profile for Helium (Row 7)
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Figure 5.20: Voltage transients and weld bead profile for Argon+Helium (Row 7)
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Figure 5.21: Voltage transients and weld bead profile for Argon (Row 2)
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Figure 5.22: Voltage transients and weld bead profile for Helium (Row 2)
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Figure 5.23: Voltage transients and weld bead profile for Argon+Helium (Row 2)
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Figure 5.24: Voltage transients and weld bead profile for Argon (Row 6)
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Figure 5.25: Voltage transients and weld bead profile for Helium (Row 6)
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Figure 5.26: Voltage transients and weld bead profile for Argon+Helium (Row 6)

	V
	[image: G:\nmt4ar.PNG]
	W
	V
	N
	S
	G
	Weld bead

	
	
	4.9
	26
	30
	60
	25
	[image: C:\bead profile\6.PNG]

	
	
	p
	w
	h
	[image: C:\bead profile\b6.PNG]

	
	
	1.56
	6.32
	1.92
	


Figure 5.27: Voltage transients and weld bead profile for Argon (Row 4)
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Figure5.28: Voltage transients and weld bead profile for Helium (Row 4)
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Figure 5.29: Voltage transients and weld bead profile for Argon+Helium (Row 4)
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Figure 5.30: Voltage transients and weld bead profile for Argon (Row 8)
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Figure 5.31: Voltage transients and weld bead profile for Helium (Row 8)
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Figure 5.32 Voltage transients and weld bead profile for Argon+Helium (Row 8)


5.15. Effects of shielding gases on metal transfer 
The transients recorded by oscilloscope during welding shows spray mode and short circuiting mode of metal transfer and in some cases mixed mode of transfer also appeared.
 In maximum cases purely axial spray mode of metal transfer observed during welding which also showed by recorded transients. The axial spray mode of metal transfer is the guarantee of good weld bead. 
High welding wire feed rate and high arc voltage produced purely axial spray mode of transfer of all three types of shielding gases with more NPD and gas flow rate (fig. 5.9, 5.10 & 5.11) but at lower NPD and lower gas flow rate, there are some short circuiting transfer and with free flight (mixed mode) with Helium (fig. 5.13), this may be due to lower NPD. But for all the cases bead is of good appearance. As concerned to bead dimensions in first case the all other dimensions are almost same but weld penetration more in the case of Argon with finger like appearance. For the second case there is noticeable difference in bead width for Helium on higher side but all dimensions for all the gases are almost same.
	High welding wire feed rate and low arc voltage produced pure axial spray transfer with pure Argon (fig.5.15), some short circuiting with spray type of metal transfer in first case with pure Helium (fig.5.16) and with Argon & Argon +Helium mixture in second case (fig.6.18 & 6.120). But in other cases there is short circuiting with free flight (mixed mode) metal transfer. There is weld width is lower side but weld height higher side for pure Argon compared to pure Helium & Argon+Helium in first case. For second case the weld penetration & weld width are higher side and weld height lower side for Helium comparing to other gas/mixture. Weld beads appearance is good.
	Low welding wire feed and high arc voltage produced pure axial spray metal transfer in both the cases for all. High arc voltage ensured longer arc length, thereby eliminating the possibility of any short circuiting during welding. It was clearly supported by the transients (fig.5.21 to 5.26). Weld bead penetration & weld width on higher side but weld height lower in both cases with pure Helium. Argon + Helium mixture showed mediatory results.
	Low wire feed and low arc voltage produced axial spray transfer for both the cases with all gases/ gas mixture showed no signs of excessive fluctuations indicating an axial spray mode of metal transfer without interruptions of the arc. Weld bead penetration & weld width on higher side but weld height lower in both cases with pure Helium. Argon + Helium mixture showed mediatory results. Weld bead appearance is good.


















DEVELOPMENT OF MATHEMATICAL MODELS         6
6.1 Introduction
	To predict particular weld bead geometry and to establish the interrelationship between weld process parameters to weld bead geometry, mathematical models can be proposed as the basis for a control system for the automatic MIG welding process [6]. 
6.2 Development of a Mathematical Model [6]
	The response function representing any of the weld bead dimensions can be expressed as
Y = f (W, V, S, N, G) 
		Where,	Y= Weld bead response
			W= Wire feed rate
                                    V= Arc voltage
		            N= Nozzle-to-plate distance
			S= Welding speed
		            G= Gas flow rate
The effects caused by changes in the five main process parameters and their first order interactions can be expresses as [24]:
Y=b0+b1W+b2V+b3N+b4S+b5G+b12WV+b13WN+b14WS+b15WG+b23WVN
+b24VS+b25VG+b34NS+b35NG+b45SG 
Where b0, is constant and b1, b2, b3, b4, b5, b12, b13, b14, b15, b23, b24, b25, b34, b35, b45 are co-efficient of the model.


Due to the fractional nature of the design, some of the interaction action effects are confounded and taking that in to consideration the above model reduced to [24]:
Y=b0+b1W+b2V+b3N+b4S+b5G+b6(WV+NG)+b7(WN+VG)+b8WS +b9(WG+VN)+b10VS+b11NS+b12SG
6.3 Evaluation of the Co-efficient of the Model
The main and interaction effects were determined by using the formula	   		   	                        N
                                                 ∑ Xji . Yi
		    	            i=1
                             ej	= 
                                                  N 
Where		j	= 0, 1, 2, 3, .................K
		i	= 1, 2, 3,  .................N
		K	= Number of co-efficient of the model
		N	= the total number of observations
		Xji	= Value of a factor or interaction in coded form
		Yi	= Average value of response parameter
A matrix was designed in order to apply this formula and the co-efficient of the equations were determined bj, e.g. the constant b0 was found by the formula
				Y1+Y2+Y3+……..Y8
		b0	=	
						8

Where Y1+Y2+Y3+……..Y8 are the output of 8 trials. 


TABLE 6.1: Complete Design Matrix
	S.N
	b0
	b1
	b2
	b3
	b4
	b5
	b12
	b13
	b14
	b15
	b23
	b24
	b25
	b34
	b35
	b45

	
	
	W
	V
	N
	S
	G
	WV
	WN
	WS
	WG
	VN
	VS
	VG
	NS
	NG
	SG

	1
	+
	+
	+
	+
	-
	+
	+
	+
	-
	+
	+
	-
	+
	-
	+
	-

	2
	+
	-
	+
	+
	+
	-
	-
	-
	-
	+
	+
	+
	-
	+
	-
	-

	3
	+
	+
	-
	+
	-
	-
	-
	+
	-
	-
	-
	+
	+
	-
	-
	+

	4
	+
	-
	-
	+
	+
	+
	+
	-
	-
	-
	-
	-
	-
	+
	+
	+

	5
	+
	+
	+
	-
	+
	-
	+
	-
	+
	-
	-
	+
	-
	-
	+
	-

	6
	+
	-
	+
	-
	-
	+
	-
	+
	+
	-
	-
	-
	+
	+
	-
	-

	7
	+
	+
	-
	-
	+
	+
	-
	-
	+
	+
	+
	-
	-
	-
	-
	+

	8
	+
	-
	-
	-
	-
	-
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+



TABLE 6.2: Confounded Design Matrix
	S.No.
	b0
	b1
	b2
	b3
	b4
	b5
	b6
	b7
	b8
	b9
	b10
	b11
	b12

	
	
	W
	V
	N
	S
	G
	WV+NG
	WN+VG
	WS
	WG+VN
	VS
	NS
	SG

	1
	+
	+
	+
	+
	-
	+
	+
	+
	-
	+
	-
	-
	-

	2
	+
	-
	+
	+
	+
	-
	-
	-
	-
	+
	+
	+
	-

	3
	+
	+
	-
	+
	-
	-
	-
	+
	-
	-
	+
	-
	+

	4
	+
	-
	-
	+
	+
	+
	+
	-
	-
	-
	-
	+
	+

	5
	+
	+
	+
	-
	+
	-
	+
	-
	+
	-
	+
	-
	-

	6
	+
	-
	+
	-
	-
	+
	-
	+
	+
	-
	-
	+
	-

	7
	+
	+
	-
	-
	+
	+
	-
	-
	+
	+
	-
	-
	+

	8
	+
	-
	-
	-
	-
	-
	+
	+
	+
	+
	+
	+
	+



Y=b0+b1W+b2V+b3N+b4S+b5G+b6(WV+NG)+b7(WN+VG)+b8(WS)+b9(WG+VN)
+b10(VS)+b11(NS)+b12(SG)


TABLE 6.3: Bead Geometry Responses and Averages for Argon
	Sl. No.
	Penetration


	Width

	Height


	
	p1
	p2
	Pmean
	p3
	
	w1
	w2
	wmean
	w3
	
	h1
	h2
	hmeann
	h3

	
	(mm)
	(mm)
	(mm)
	(mm)
	
	(mm)
	(mm)
	(mm)
	(mm)
	
	(mm)
	(mm)
	(mm)
	(mm)

	1
	7.92
	7.75
	7.84
	7.11
	
	13.16
	13.26
	13.21
	13.26
	
	3.12
	2.36
	2.74
	2.63

	2
	1.75
	1.73
	1.74
	1.50
	
	5.08
	3.99
	4.53
	4.54
	
	2.16
	2.49
	2.32
	2.07

	3
	6.15
	6.22
	6.18
	5.87
	
	10.11
	10.08
	10.10
	10.10
	
	4.27
	4.60
	4.43
	4.64

	4
	1.63
	1.50
	1.56
	1.45
	
	6.53
	6.12
	6.32
	6.38
	
	1.91
	1.93
	1.92
	1.91

	5
	3.25
	3.30
	3.28
	2.45
	
	7.98
	7.75
	7.86
	7.83
	
	3.12
	3.05
	3.09
	3.11

	6
	0.99
	0.64
	0.81
	0.69
	
	4.65
	4.47
	4.56
	4.59
	
	3.20
	3.25
	3.23
	3.29

	7
	3.45
	3.20
	3.33
	3.39
	
	8.28
	8.53
	8.41
	8.72
	
	3.23
	3.53
	3.38
	3.80

	8
	1.19
	1.42
	1.31
	1.50
	
	5.21
	6.55
	5.88
	6.38
	
	2.62
	2.87
	2.74
	2.68




TABLE 6.4: Bead Geometry Responses and Averages for Helium
	Sl. No.
	Penetration

	Width

	Height


	
	p1
	p2
	pmean
	P3
	w1
	w2
	wmean
	w3
	h1
	h2
	hmean
	h3

	
	(mm)
	(mm)
	(mm)
	(mm)
	(mm)
	(mm)
	(mm)
	(mm)
	(mm)
	(mm)
	(mm)
	(mm)

	1
	5.94
	6.93
	6.44
	6.68
	11.20
	12.52
	11.86
	11.66
	3.48
	3.51
	3.49
	3.51

	2
	2.51
	2.34
	2.43
	2.06
	7.26
	7.80
	7.53
	7.39
	2.21
	2.46
	2.34
	1.52

	3
	6.22
	6.15
	6.18
	6.20
	13.00
	11.91
	12.46
	12.17
	3.35
	2.92
	3.14
	3.33

	4
	1.85
	2.11
	1.98
	2.01
	7.04
	7.49
	7.26
	9.78
	1.35
	2.01
	1.68
	1.50

	5
	4.04
	4.80
	4.42
	4.55
	10.82
	11.23
	11.02
	11.15
	2.95
	2.57
	2.76
	2.84

	6
	3.91
	3.56
	3.73
	3.86
	11.10
	10.16
	10.63
	11.15
	1.12
	1.73
	1.42
	1.50

	7
	4.85
	4.95
	4.90
	4.80
	10.19
	10.46
	10.33
	10.39
	2.31
	2.59
	2.45
	2.51

	8
	3.15
	2.79
	2.97
	3.10
	8.64
	8.59
	8.61
	8.66
	2.08
	2.06
	2.07
	2.06






	
S.No.

	Penetration

	Width

	
	Height


	
	p1
	p2
	pmean
	p3
	w1
	w2
	wmean
	w3
	
	
	h1
	h2
	hmean
	h3

	
	(mm)
	(mm)
	(mm)
	(mm)
	(mm)
	(mm)
	(mm)
	(mm)
	
	
	(mm)
	(mm)
	(mm)
	(mm)

	1
	4.90
	5.82
	5.36
	7.09
	12.88
	12.85
	12.87
	13.21
	
	
	3.15
	2.46
	2.81
	2.62

	2
	1.47
	1.42
	1.45
	1.45
	5.87
	5.82
	5.84
	5.84
	
	
	1.96
	2.06
	2.01
	2.01

	3
	5.26
	5.82
	5.54
	5.59
	11.05
	12.07
	11.56
	11.91
	
	
	3.45
	3.40
	3.43
	3.43

	4
	1.27
	1.91
	1.59
	1.65
	5.44
	4.83
	5.13
	5.03
	
	
	2.18
	2.06
	2.12
	2.11

	5
	3.63
	3.48
	3.56
	3.58
	9.14
	6.53
	7.84
	6.55
	
	
	2.24
	2.90
	2.57
	2.26

	6
	0.84
	1.35
	1.09
	1.17
	6.93
	6.20
	6.57
	6.50
	
	
	3.02
	2.77
	2.90
	3.05

	7
	2.95
	3.00
	2.97
	3.02
	9.58
	10.36
	9.97
	10.11
	
	
	3.48
	3.20
	3.34
	3.33

	8
	1.75
	1.52
	1.64
	1.60
	7.72
	7.92
	7.82
	10.95
	
	
	2.41
	2.64
	2.53
	2.57


TABLE 6.5: Bead Geometry Responses and Averages for Argon+Helium


6.4 Checking adequacy of the model 
The analysis of variance (ANOVA) technique was used to check the adequacy of the developed models. As per this technique,
(a) The F-ratio of the developed model is calculated and is compared with the standard tabulated value of F-ratio for a specific level of confidence ,
(b) If calculated value of F-ratio does not exceed the tabulated value, then with the corresponding confidence probability the model may be considered adequate.
         For this purpose, the F-ratio of the model is defined as the ratio of variance adequacy, also known as residual variance (usually denoted as S2ad) to the variance of reproducibility, also known as variance of optimization parameter (usually denoted as    S2 y). Therefore:
	                        S2ad
            Fmodel    =      ───
                                  S2 y
               

Here  		             N	                Λ
               S2ad  =    ∑ (Yest  -  Yobs)2 / DF
		                    i=1
Where		N = Number of trials
Yobs = Observed (or measured from experiment) response
 Λ
Yest= Predicted / Estimated value of response (i.e., the one obtained     from model) 

DF = Degree of freedom = (N – (K +1)), Where K = Number of independently controllable variables
           		    N
S2y  = 2∑ (Y - Y-)2 / N
     		      i=1

Where
Y = Value of response in repetition trial
i = Number of trials
q = Number of repetitions
Y- = Arithmetical mean of repetitions
6.5 Test for significant regression co-efficient 
	The values of the regression co-efficient give an idea as to what extent the control variables affect the responses quantitatively. It is evident that those of the co-efficient, which are not significant, can be eliminated, along with the responses with which they are associated, without sacrificing much of accuracy, there by reducing the mathematical labour. To enable this, the student’s t test is used. As per this test,
a) The calculated value of t corresponding to a coefficient is compared with the standard tabulated value of specific level of probability. Here the standard tabulated value of t is 2.31 at 8, 0.05.
b) if the calculated value of t exceeds the tabulated one, then with the corresponding confidence probability the co-efficient is said to be significant. 
│bj│
For this purpose the value of t is given by      t =
							Sbj
Where │bj│ represents the absolute value of co-efficient whose significance is being tested, and Sbj the standard deviation of co-efficient given by
				 Variance of optimization parameter (S2y)
Sbj =√
Number of trials (N)


   S2y
                              =√
   N
Sbj alternatively, called as variance of the regression coefficients, is thus seen to be same for all the coefficients. Thus they depend only on the error of the experiments and the confidence interval. 
	When the significant co-efficient are known, the model is redeveloped by using these values. The model so developed is utilized to determine the values of response parameter for each given set of welding variables and the data so produced are represented graphically.



TABLE 6.6: Estimated value of co-efficients of the models for Argon
	S.No.
	Coefficient,
	Weld bead geometry response
Estimated value for responses


	
	
	p
	w
	h

	1
	b0
	3.27
	7.61
	2.98

	2
	b1
	1.92
	2.29
	0.43

	3
	b2
	0.14
	-0.07
	-0.14

	4
	b3
	1.06
	0.93
	-0.13

	5
	b4
	-0.76
	-0.83
	-0.3

	6
	b5
	0.15
	0.52
	-0.16

	7
	b6
	0.45
	1.42
	-0.72

	8
	b7
	1.52
	1.66
	0.61

	9
	b8
	-1.06
	-0.93
	0.13

	10
	b9
	0.63
	0.8
	-0.37

	11
	b10
	-0.15
	-0.52
	0.16

	12
	b11
	-1.92
	-2.29
	-0.43

	13
	b12
	-0.14
	0.07
	0.14















TABLE 6.7: Estimated value of co-efficient for Helium
	S.No.
	Coefficient,
	Weld bead geometry response
Estimated value for responses


	
	
	p
	w
	h

	
	bj
	
	
	

	1
	b0
	4.19
	10.04
	2.42

	2
	b1
	1.41
	1.53
	0.54

	3
	b2
	0.18
	0.37
	0.08

	4
	b3
	0.18
	-0.11
	0.24

	5
	b4
	-0.75
	-1
	-0.11

	6
	b5
	0.19
	0.13
	-0.16

	7
	b6
	-0.25
	-0.4
	0.16

	8
	b7
	1.51
	2.01
	0.22

	9
	b8
	-0.18
	0.11
	-0.24

	10
	b9
	0.22
	-0.61
	0.34

	11
	b10
	-0.19
	-0.13
	0.16

	12
	b11
	-1.41
	-1.53
	-0.54

	13
	b12
	-0.18
	-0.37
	-0.08



TABLE 6.8: Estimated Value of co-efficients for Argon-Helium Mixture
	
S.No.
	
Coefficient
	Weld bead geometry response
Estimated value for responses


	
	
	p
	w
	h

	
	bj
	
	
	

	1
	b0
	2.99
	8.66
	2.71

	2
	b1
	0.81
	2.32
	0.32

	3
	b2
	-0.02
	-0.08
	-0.14

	4
	b3
	0.68
	0.31
	-0.12

	5
	b4
	-1.34
	-1.16
	-0.2

	6
	b5
	-0.88
	-0.03
	0.08

	7
	b6
	1.79
	0.12
	-0.41

	8
	b7
	2.68
	2.33
	0.41

	9
	b8
	-0.68
	-0.31
	0.12

	10
	b9
	-0.06
	0.93
	-0.08

	11
	b10
	0.88
	0.03
	-0.08

	12
	b11
	-0.81
	-2.32
	-0.32

	13
	b12
	0.02
	0.08
	0.14















TABLE: 6.9: Analysis of Variance (ANOVA) for Argon
	S.No.
	Parameter
	Degree of freedom
	Variance of optimization parameter
	Standard deviation of co-efficient
	Variance of adequacy
	F- ratio of model
	F-ratio from table (2,8, 0.05)
	Model whether adequate

	
	
	S2y
	S2ad
	S2y
	Sbj
	S2ad
	
	
	

	1.
	p
	8
	2
	0.0558
	0.0835
	0.0142
	0.26
	4.5
	Yes

	2.
	w
	8
	2
	0.2094
	0.1700
	0.4705
	2.25
	4.5
	Yes

	3.
	h
	8
	2
	0.0586
	0.0856
	0.0089
	0.15
	4.5
	Yes






TABLE: 6.10: Analysis of Variance (ANOVA ) for Helium
	S.No.
	Parameter
	Degree of freedom
	Variance of optimization parameter
	Standard deviation of co-efficient
	Variance of adequacy
	F- ratio of model
	F-ratio from table (2,8, 0.05)
	Model whether adequate

	
	
	S2y
	S2ad
	S2y
	Sbj
	S2ad
	
	
	

	1.
	p
	8
	2
	0.059775
	0.0864
	0.2323
	3.89
	4.5
	Yes

	2.
	w
	8
	2
	0.1029
	0.1134
	0.3399
	3.30
	4.5
	Yes

	3.
	h
	8
	2
	0.07895
	0.0993
	0.2739
	3.50
	4.5
	Yes


TABLE: 6.11: Analysis of Variance (ANOVA ) for Argon+Helium
	S.No.
	Parameter
	Degree of freedom
	Variance of optimization parameter
	Standard deviation of co-efficient
	Variance of adequacy
	F- ratio of model
	F-ratio from table (2,8, 0.05)
	Model whether adequate

	
	
	S2y
	S2ad
	S2y
	Sbj
	S2ad
	
	
	

	1.
	p
	8
	2
	0.046475
	0.0762
	0.1275
	2.74
	4.5
	Yes

	2.
	w
	8
	2
	0.099025
	0.1113
	0.2288
	2.31
	4.5
	Yes

	3.
	h
	8
	2
	0.06985
	0.0934
	0.4684
	4.40
	4.5
	Yes



TABLE 6.12: t-Values for Co-efficients of Model for Argon
	S.No.
	Co-efficient, bj
	t=IbjI / Sbj, for responses

	
	
	p
	w
	h

	1
	b0
	39.16
	44.76
	336.72

	2
	b1
	22.99
	13.47
	48.59

	3
	b2
	1.68
	0.41
	15.82

	4
	b3
	12.69
	5.47
	14.69

	5
	b4
	9.10
	4.88
	33.90

	6
	b5
	1.80
	3.06
	18.08

	7
	b6
	5.39
	8.35
	81.36

	8
	b7
	18.20
	9.76
	68.93

	9
	b8
	12.69
	5.47
	14.69

	10
	b9
	7.54
	4.71
	41.81

	11
	b10
	1.80
	3.06
	18.08

	12
	b11
	22.99
	13.47
	48.59

	13
	b12
	1.68
	0.41
	15.82



TABLE 6.13: t-Values for Co-efficient of Model for Helium
	S.No.
	Co-efficient, bj
	t=IbjI / Sbj, for responses

	
	
	p
	w
	h

	1
	b0
	48.47
	88.53
	24.36

	2
	b1
	16.31
	13.49
	5.44

	3
	b2
	2.08
	3.26
	0.81

	4
	b3
	2.08
	0.97
	2.42

	5
	b4
	8.68
	8.82
	1.11

	6
	b5
	2.20
	1.15
	1.61

	7
	b6
	2.89
	3.53
	1.61

	8
	b7
	17.47
	17.72
	2.21

	9
	b8
	2.08
	0.97
	2.42

	10
	b9
	2.55
	5.38
	3.42

	11
	b10
	2.20
	2.73
	1.61

	12
	b11
	16.31
	13.49
	5.44

	13
	b12
	2.08
	3.26
	0.81



TABLE 6.14: t-Values for Co-efficient of Model for Argon+Helium
	S.No.
	Co-efficient, bj
	t=IbjI / Sbj, for responses

	
	
	p
	w
	h

	1
	b0
	39.23
	77.84
	29.00

	2
	b1
	10.63
	20.85
	3.42

	3
	b2
	0.26
	0.72
	1.50

	4
	b3
	8.92
	2.79
	1.28

	5
	b4
	17.58
	10.43
	2.14

	6
	b5
	11.55
	0.27
	0.86

	7
	b6
	23.48
	1.08
	4.39

	8
	b7
	35.16
	20.94
	4.39

	9
	b8
	8.92
	2.79
	1.28

	10
	b9
	0.79
	8.36
	0.86

	11
	b10
	11.55
	0.27
	0.86

	12
	b11
	10.63
	20.85
	3.42

	13
	b12
	0.26
	0.72
	1.50




TABLE 6.15: Significant t-Values for Co-efficient of Model for Argon
	S.No.
	Co-efficient, bj
	t=IbjI / Sbj, for responses

	
	
	p
	w
	h

	1
	b0
	39.16
	44.76
	336.72

	2
	b1
	22.99
	13.47
	48.59

	3
	b2
	-
	-
	15.82

	4
	b3
	12.69
	5.47
	14.69

	5
	b4
	9.10
	4.88
	33.90

	6
	b5
	-
	3.06
	18.08

	7
	b6
	5.39
	8.35
	81.36

	8
	b7
	18.20
	9.76
	68.93

	9
	b8
	12.69
	5.47
	14.69

	10
	b9
	7.54
	4.71
	41.81

	11
	b10
	-
	3.06
	18.08

	12
	b11
	22.99
	13.47
	48.59

	13
	b12
	-
	-
	15.82




TABLE 6.16: Significant t-Values for Co-efficient of Model for Helium
	S.No.
	Co-efficient, bj
	t=IbjI / Sbj, for responses

	
	
	p
	w
	h

	1
	b0
	48.47
	88.53
	24.36

	2
	b1
	16.31
	13.49
	5.44

	3
	b2
	-
	3.26
	-

	4
	b3
	-
	-
	2.42

	5
	b4
	8.68
	8.82
	-

	6
	b5
	-
	-
	-

	7
	b6
	2.89
	3.53
	-

	8
	b7
	17.47
	17.72
	-

	9
	b8
	-
	-
	2.42

	10
	b9
	2.55
	5.38
	3.42

	11
	b10
	-
	2.73
	-

	12
	b11
	16.31
	13.49
	5.44

	13
	b12
	-
	3.26
	-



TABLE 6.17: Significant t-Values for Co-efficient of Model for Argon+Helium
	S.No.
	Co-efficient, bj
	t=IbjI / Sbj, for responses

	
	
	p
	w
	h

	1
	b0
	39.23
	77.84
	29.00

	2
	b1
	10.63
	20.85
	3.42

	3
	b2
	-
	-
	-

	4
	b3
	8.92
	2.79
	-

	5
	b4
	17.58
	10.43
	-

	6
	b5
	11.55
	-
	-

	7
	b6
	23.48
	-
	4.39

	8
	b7
	35.16
	20.94
	4.39

	9
	b8
	8.92
	2.79
	-

	10
	b9
	-
	8.36
	-

	11
	b10
	11.55
	-
	-

	12
	b11
	10.63
	20.85
	3.42

	13
	b12
	-
	-
	-



6.6. Results:  Proposed mathematical models
6.6.1 For Argon
	
	
	
	
	
	
	
	
	

		p=3.27+1.92W+1.06N-0.76S+0.45(WV+NG)+1.52(WN)-1.06(WS)+0.63(WG+VN)- 1.92(NS)
	
	

	
	
	
	
	
	
	
	
	
	
	

	w=7.61+2.29W+0.93N-0.83S+0.52G+1.42(WV+NG)+1.66(WN+VG)-0.93(WS)+0.8(WG+VN)-0.53(VS)-2.29(NS)
	

	
	
	
	
	
	
	
	
	
	
	

	h=2.98+0.43W-0.14V-0.13N-0.3S-0.16G-0.72(WV+NG)+0.61(WN+VG)+0.13(WS)-0.37(WG+VN)+0.16(VS)-0.43(NS)+0.14(SG)

	
	
	
	
	
	
	
	
	
	
	




	6.6.2 For Helium
	p=4.19+1.41W-0.75S-0.25(WV)+1.51(WN)+0.22(WG)- 1.41(NS)
	
	
	

	
	
	
	
	
	
	
	
	
	

	w=10.04+1.53W+0.37V-1.0S-0.4(WV)+2.01(WN+VG)-0.61(WG+VN)-0.31(VS)-1.53(NS)-0.37(SG)

	
	
	
	
	
	
	
	
	
	

	h=2.42+0.54W+0.24N-0.24(WS)+0.34(WG+VN)-0.54(NS)
	
	
	
	



	
	
	
	
	
	
	
	
	

	
	

	
6.6.3 For Argon+ Helium mixture
	
	
	
	
	
	
	
	
	

		p=2.99+0.81W+0.68N-1.34S-0.88G+1.79(WV+NG)+2.68(WN+VG)-0.68(WS)+0.88(VS)-0.81(NS)

	
	
	
	
	
	
	
	
	

	w=8.66+2.32W+0.31N-1.16S+2.33(WN)-0.31(WS)+0.93(WG+VN)-2.32(NS)
	

	
	
	
	
	
	
	
	
	

	h=2.71+0.32W-0.41(WV)+0.41(WN)
	
	
	
	



	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	

	
	
	
	
	
	
	
	
	
	

	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	




	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	


                                              Wire feed rate
Fig. 6.1: Effect of wire feed rate on penetration


                                    Nozzle to plate distance
Fig. 6.2: Effect of NPD on penetration


   		      Welding speed 
Fig. 6.3: Effect of welding speed on penetration




			Gas flow rate
Fig. 6.4: Effect of gas flow rate on penetration

                                                                
                               Wire feed rate
Fig.6.5: Interaction effect of wire feed rate and arc voltage on penetration


 
                                           N P D 
Fig.6.6: Interaction effect of NPD and gas flow rate on penetration


		        Wire feed rate
Fig.6.7: Interaction effect of wire feed rate and NPD on penetration
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		NPD 
Fig.6.8: Interaction effect of NPD and welding speed on penetration

				Wire feed rate
Fig.6.9: Effect of wire feed rate on weld width
	 

			Arc voltage 
Fig.6.10: Effect of arc voltage on weld width




		Nozzle to plate distance 
Fig.6.11: Effect of NPD on weld width


		Welding speed 
Fig.6.12: Effect of welding speed on weld width



		Gas flow rate
Fig.6.13: Effect of gas flow rate on weld width
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) (
N=1
)
 		Wire feed rate 
Fig.6.14: Interaction effect of wire feed rate and NPD on weld width




                            Arc voltage
Fig.6.15: Interaction effect of arc voltage and gas flow rate on weld width


                               Wire feed rate
Fig.6.16: Interaction effect of wire feed rate and gas flow rate on weld width



                         Voltage 
Fig.6.17: Interaction effect of voltage and NPD on weld width
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N=1
)
                            NPD
Fig.6.18: Interaction effect of NPD and welding speed on weld width


			Wire feed rate
Fig.6.19: Effect of wire feed rate on weld reinforcement height
 

			Arc voltage
Fig.6.20: Effect of arc voltage on weld reinforcement height

 		Nozzle to plate distance
Fig.6.21: Effect of NPD on weld reinforcement height


		Welding speed
Fig.6.22: Effect of welding speed on weld reinforcement height



 		Gas flow rate 
Fig. 6.23: Effect of gas flow rate on weld reinforcement height
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                                       NPD
Fig 6.24: Interaction effect of NPD and welding speed on weld reinforcement height


6.7. Scatter Diagram:  
 	The validity of the mathematical models developed were further tested by drawing scatter diagrams. Scatter diagrams for penetration, width and reinforcement height for Argon, Helium and Argon+Helium mixture were shown in fig.6.25 to 6.33 respectively. The observed values and estimated values of the responses are scattered close to the 450 line, indicating an almost perfect fit of the developed empirical model. 

Fig.6.25: Scatter diagram for Penetration with Argon

Fig. 6.26: Scatter diagram for Penetration with Helium


Fig.6.27: Scatter diagram for Penetration with Argon+Helium

Fig. 6.28: Scatter diagram for Width with Argon



 Fig.6.29: Scatter diagram for Width with Helium


Fig. 6.30: Scatter diagram for Width with Argon+Helium



Fig. 6.31: Scatter diagram for Reinforcement Height with Argon


Fig. 6.32: Scatter diagram for Reinforcement Height with Helium






Fig. 6.33: Scatter diagram for Reinforcement Height with Argon+Helium

6.8. Histogram
It shows Comparison of Weld Bead Parameters for Argon, Helium and Argon+Helium mixture as shielding gas in pictorial form. Histograms are shown in fig. 6.34 to 6.36.
                                  
Fig. 6.34: Histogram for weld Bead Penetration


 Fig.6.35: Histogram for Weld Bead Width



Fig. 6.36: Histogram for Weld Bead Reinforcement Height



6.9. Results and Discussions: 
The good penetration and right welding profile are responsible for the quality of welding joints and are affected from welding current, arc voltage, welding speed and protective gas parameters. Welding current affects more to melting of metal, weld seal’s size and geometry and depth of penetration. It must be well determined in thin parts, because excessive amount of welding current and a large welding bath causes high penetration depths. In contrast to this, very low welding current causes inadequate penetration and so accumulation of welding metal on base metal. When all parameters are held constant, weld seal area expands with increasing voltage. Relatively low welding speeds cause accumulation of welding metal, large welding bath and so low penetration. The deepest penetration values are obtained in optimum values of welding speed.
6.9.1. Effects on Weld Bead Penetration 
 Weld bead penetration increased from 1.35mm to 5.19mm for Argon, 2.78mm to 5.6mm for Helium and 2.18mm to 3.8mm for Argon+Helium, when wire feed rate increased low level to high level (fig.6.1). Weld penetration increased from 3.13mm to 3.14mm for Argon, 4.01mm to 3.37mm for Helium And 2.97mm to 3.01mm for Argon+Helium, when Voltage increased low level to high level. Weld penetration increased from 2.23mm to 4.31 for Argon, 4.01 to 4.37 mm for Helium and 2.31mm to 3.67mm for Argon+Helium, when nozzle to plate distance increased low to high level (fig. 6.2). But when welding speed increased lower level to higher level weld penetration decreased from 4.03mm to 2.51mm for Argon, 4.94mm to 3.44mm for Helium and 4.33mm to 1.65mm for Argon+Helium (fig.6.3). For the increment of Gas flow rate from lower to higher level penetration increased from 3.12mm to 3.42mm and 4.00mm to 4.38mm for Argon and Helium respectively, but decreased from 3.87mm to 2.1mm for Argon+Helium (fig.6.4).
The interaction effects wire feed rate & voltage, nozzle to plate distance & gas flow rate, wire feed rate & nozzle to plate distance, arc voltage & gas flow rate and nozzle to plate distance & welding speed for Argon, Helium and Argon+Helium were depicted in fig.6.5 to 6.8.

6.9.2. Effects on Weld Bead Width
For Argon, Helium and Argon+Helium, weld width increased from 5.32mm to 9.9mm, 8.51mm to 11.57mm and 6.34mm to 10.98mm respectively, when wire feed rate increased low to high level (fig.6.9). On increasing the voltage lower to higher level, the weld width were increasing from 7.54mm to 7.68mm, 9.67mm to 10.41mm and 8.58mm to 8.74mm for Argon, Helium and Argon+Helium respectively (fig.6.10). Weld width increased from 7.54mm to 7.68mm for Argon, 9.93mm to 10.15mm for Helium and 8.35mm to 8.97mm for Argon+Helium, when Nozzle to plate distance (NPD) increased low to high level (fig.6.11). Weld width decreased 8.44mm to 6.78mm for Argon, 11.04mm to 9.04mm for Helium and 9.82mm to 7.5mm for Argon+Helium, when welding speed increased low to high level (fig.6.12). Weld width increased 7.09mm to 8.13mm for Argon, 9.91mm to 10.17mm for Helium, but decreased 3.87mm to 2.11mm for Argon+Helium, when Gas Flow Rate Increased Low to High Level fig. 6.13).
The interaction effects of wire feed rate & NPD, voltage & gas flow rate, wire feed rate & gas flow rate, voltage & NPD and NPD & welding speed were depicted by fig.6.14 to fig. 6.18 respectively for Argon, Helium and Argon+Helium mixture.

6.9.3. Effects on Weld Bead Height
Weld reinforcement height increased 2.55mm to 3.41mm for Argon, 1.88mm to 2.96mm for Helium and 2.39mm to 3.03mm for Argon+Helium respectively , when wire feed rate increased low to high level (fig. 6.19). When Voltage increased low to high level, reinforcement height decreased from 3.12mm to 2.84mm for Argon, 2.5mm to 2.34mm for Helium and 2.85mm to 2.57mm for Argon +Helium (fig.6.20). For Argon, Helium and Argon+Helium, weld height increased from 2.85mm to 3.11mm, 2.18mm to 2.66mm and 2.59mm to 2.83mm respectively on the increment of NPD from low to high level (fig.6.21). When welding speed increased low to high level, weld height decreased from 3.28mm to 2.68mm for argon, 2.53 to 2.31mm for Helium and 2.91mm to 2.51mm for Argon+Helium (fig.6.22). When gas flow rate increased low to high level, weld height decreased from 3.14mm to 2.82mm for Argon and 2.58mm to 2.26mm for Helium, but increased 2.63mm to 2.79mm for Argon+Helium mixture (fig.6.23).
The interaction effect of NPD & welding speed were depicted for Argon, Helium and Argon+Helium mixture (fig.6.24).
	



CONCLUSION AND FUTURE SCOPE            				7
7.1 Conclusion	
The effects of when bead-on- plate welds are deposited using GMAW process have been studied and the following conclusions may be drawn from this analysis.
Oscilloscope is very effective instrument to observe the voltage and current transients to come to any conclusion about the type of metal transfer occurred during welding for any set of welding parameters and type of gas used to protect the weld pool. During short circuiting transfer, when the droplet is starting its development, voltage oscillates around a mean value but tends to zero when the drop touches the pool (short-circuit). A voltage peak happens just after the drop detachment, due to the arc reignition phenomenon.
	Thus, it is possible to detect droplet detachment electrically by using a digital storage oscilloscope or transient recorder. The detachment generates a small blip on the arc voltage trace, probably due to the increased electrical résistance of the droplet neck just before separation.
	There are some other techniques developed to predict the metal transfer but the use of oscilloscope shows some advantages over the traditional methods: it is possible to identify visually and to assort with precision the behaviour of the welding electrical signals during the several phases of the metal transfer.
 The transients recorded by oscilloscope during welding shows spray type of metal transfer and in some cases mixed type of transfer also appeared.
 In maximum cases purely axial spray type of metal transfer observed during welding which also showed by recorded transients. The axial spray type of metal transfer is the guarantee of good weld bead.
· The Fractional Factorial Design is found to be very efficient for quantifying the main and interaction effects of welding parameters on weld bead responses.
· Mathematical models developed from experimental results can be used to control the welding process parameters in order to achieve the desired weld bead geometry.
· Good quality welds could be achieved only with axial spray type of transfer.
· High welding wire feed rate and high arc voltage produced purely axial spray type of transfer of all three types of shielding gases with more NPD and gas flow rate, but at lower NPD and lower gas flow rate, there are some short circuiting transfer and with free flight (mixed mode) with Helium, this may be due to lower NPD.
· High welding wire feed rate and low arc voltage produced pure axial spray transfer with pure Argon, some short circuiting with spray type of metal transfer with high NPD and low gas flow rate with pure Helium and with Argon & Argon +Helium mixture with low NPD and high gas flow rate. But in other cases there is short circuiting with free flight (mixed mode) metal transfer.
· Low welding wire feed and high arc voltage produced pure axial spray metal transfer in both the cases for all three shielding medium. High arc voltage ensured longer arc length, thereby eliminating the possibility of any short circuiting during welding.
· Low wire feed and low arc voltage produced axial spray transfer for both the cases with all gases/ gas mixture showed no signs of excessive fluctuations indicating an axial spray mode of metal transfer without interruptions of the arc.		                                                                                                                                                     
· The weld bead penetration increased with increasing welding wire feed rate, but more with Helium and least with Argon+Helium mixture. The penetration increased with increment in NPD but more with Helium. Penetration decreased with increasing welding speed for all three gases. Increased Gas flow rate also increasing penetration but not significantly for Argon and Helium but decreased with Argon+Helium gas mixture.
· The values of weld bead width increased with the increase in wire feed for all three shielding medium but more with Helium and least for Argon. Higher deposition rate with higher fluidity of the molten wire may be attributed for this increase in bead width with wire feed. Where as these values decrease with the increase in welding speed.
· Reinforcement Height Increased with increment of Wire feed for all three shielding medium but more with Argon, decreased with increment of voltage for all three shielding medium but more with Argon and least for Helium. Also increased with increase with NPD, more with Argon and least with Helium. Reinforcement height decreased, with increment of welding speed and also with increased gas flow rate.
· It was observed that interaction effects have considerable influence over the weld bead geometry and their effects can not be neglected. 
	
7.2 Scope for future work
	In this study selected parameters were arc wire feed rate, voltage, Nozzle to plate distance, welding speed, Gas flow rate and shielding gas used were pure Argon, Pure Helium & ArGon+50%Helium mixture. Study can be done by selecting more parameters such as electrode angle, electrode type, electrode size, other shielding gas type and mixture, thickness of material etc. 
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