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Abstract 

This paper presents the focus on “High Reliability, Deep Penetration, Smooth Finish and High Productivity Especially for 

Welding of Pipes and Boiler Joints prepared by the Submerged Arc Welding ” A significant percentage of the flux used in 

submerged arc welding gets converted into very fine particles termed as flux dust due to transportation and handling. If 

these very fine particles are not removed from the flux before welding, these may result into defects like surface pitting 

and porosity. At the same time dumping of this flux dust will create pollution. Therefore, in the present study, in order to 

reduce the cost of welding and pollution, , attempts have been made to investigate the feasibility of using developed 

agglomerated flux by utilizing wasted flux dust in place of parent commercial flux. The chemical composition, tensile 

strength, toughness, radiographic examination, microstructure and micro hardness of all the weld metals prepared by using 

the developed flux as well as same parent commercially available flux were compared. These properties for all the weld 

metals prepared by using the developed flux were found to be in the same range as that being prepared from the parent 

flux. Mathematical models have been developed for SAW using developed fluxes prepared from waste flux dust. Response 

Surface Modelling has been used to predict critical dimensions of the weld bead geometry which affect the load carrying 

capacity of the weldment. The ANOVA technique has been adopted to check the level and degree of the direct or 

interactive effects of process variables like welding current, open circuit voltage, welding speed and flux basicity index on 

the bead width and flux consumption. Major effects of the process variables on bead geometry are presented in graphical 

form, using which not only the prediction of important weld bead dimensions but also the controlling of the weld bead 

quality by selecting appropriate process parameters’ values is possible. Thus, this work tries to utilize the concept of waste 

to wealth. 
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1. INTRODUCTION 
 

Submerged arc welding is an arc welding process that uses an arc between a bare metal electrodes and the weld pool. The 

arc and molten metal are shielded by a blanket of granular flux on the work pieces. Heat for SAW is generated by an arc 

between a bare, solid metal (or cored) consumable-wire or strip electrode and the work-piece. The arc is maintained in a 

cavity of molten flux or slag which refines the weld metal and also protects it from atmospheric contamination. Flux is a 

fundamental ingredient on which the stability of the arc depends. The mechanical, chemical properties, crack resistance 

and other qualities of the final weld deposit can be controlled by the flux. Currents ranging from 300A to 3000A are 

commonly used. Currents up to 5000A can also be used in multiple Arcs welding. DC or AC powers as well as a 

combination of both are common sources of power on multiple electrode systems. 
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In Submerged Arc Welding, the qualities of weld deposits are determined by the following parameters. 

 Welding current  

 Welding arc voltage 

 Electrode stick out 

 Travel speed  

 Type of flux  

 Flux layer depth 

To get optimum results, it is most important to know the effect of the above parameters on weld bead geometry and how 

to select them and control their effects of on the deposited bead shape. 

The submerged arc welding is a process in which the heat of an arc between a continuously fed electrode and the work 

piece is utilized. The heat of the arc melts the surface of the base metal and the end of electrode. The metal melts off the 

electrode is transferred through the arc to the work piece, where it becomes the deposited weld metal. The flux starts 

depositing on the joint to be welded. SAW involves formation of an Arc between a continuously fed bare wire electrode 

and the work piece. The process uses a granular flux to generate protective gas, slag and adding alloying elements to the 

weld pool. A shielding gas is not required prior of welding instead, a thin layer of flux powder is spread on the work piece 

surface. Heat loss is extremely low as arc is completely covered with flux layer; this produces a thermal efficiency as high as 

60% (for Manual Metal Arc welding it is about 30%). There is no visible arc light and fume extraction is also not required. 

The mechanical properties of the welded joints greatly depend on weld bead geometry which is influenced by welding 

parameters like arc current, arc voltage, and arc travel speed. 

 

2. LITERATURE REVIEW 
 

Sindo kou, et al. (2015) [1] studied the effect of inclusions on the microstructure and toughness of the deposited metals 

of self-shielded flux cored wires was investigated by optical microscopy, electron microscopy and mechanical testing. The 

deposited metals of three different wires showed different levels of low temperature impact toughness at -40 °C mainly 

because of differences in the properties of inclusions. The inclusions formed in the deposited metals as a result of de-

oxidation caused by the addition of extra Al-Mg alloy and ferromanganese to the flux. The inclusions, spherical in shape, 

were mixtures of Al2O3 and MgO. Inclusions predominantly Al2O3 and 0.3-0.811m in diameter were effective for 

nucleation of acicular ferrite. However, inclusions predominantly MgO were promoted by increasing Mg in the flux and 

were more effective than Al2O3 inclusions of the same size. These findings suggest that the control of inclusions can be an 

effective way to improve the impact toughness of the deposited metal.  
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Amit Kumar, et al. (2014) [2]worked on the enrichment of flux by nickel to improve impact strength in submerged arc 

welding and its effect on the bead height and bead width. The effect of nickel metal powder addition on fluxes has been 

evaluated. Taguchi technique has been used for the design of experiments. P Bharat, et al.(2014) [3]worked on the 

Optimization of 316 Stainless Steel Weld Joint characteristics using Taguchi Technique .In this research work the 

ANOVA technique is used to identify the influence of the welding speed, current, electrode, root gap on the strength of 

the material. The result shows that speed is most influencing factor to have highest bend strength and current that is to be 

used while welding is the most influencing factor to get higher tensile strength. M. Aghakhani, et al. (2013) [4] worked 

on the combined effects of TiO2nano particles and input welding parameters on the weld bead penetration in submerged 

arc welding process using fuzzy logic. To develop the fuzzy logic model, the arc voltage, welding current, welding speed, 

electrode stick out and thickness of nano-particles were taken as input parameters and weld bead penetration as the 

response. Kumar, et al. (2010) [5] studied the effect of process parameters on micro hardness and microstructure of 

HAZ in SAW by using Taguchi Experimental Design. Welding current and type of flux were found to be most significant 

factor leading to change in micro hardness and metallurgical properties. The micro hardness tended to increase 

significantly with the 21 increase of welding current from 350A to 450A whereas higher hardness was observed when flux 

type I (basicity index 0.8) was used. Travel speed and arc voltage were found to be insignificant in relative comparison. 

The result are as expected as higher ferrite content means less hardness thus correlating the two response to each other. 

Saurav Datta, et al. (2009) [6] studied about the optimization problem related to the submerged arc welding. Four 

correlated features of bead geometry: depth of penetration, reinforcement, bead width, and percentage dilution has been 

selected in the study. The process environment has been assumed consisting of variables like voltage, wire feed rate, 

traverse speed. Multiple correlated responses have been converted into independent quality indices called principal 

components. Principal component analysis (PCA) has been adapted to covert multiple objectives of the optimization 

problem into a single objective function. This single objective function has been denoted as composite principal 

component Narendra Mohan, et al. (2009) [7] Worked on development of agglomerated fluxes and concluded that bead 

surface appearance by developed fluxes were found to be excellent and free from any visual defects. Bead on plate is 

deposited by the submerged arc welding and they are testing for the bead penetration, micro structural grain refinement 

and micro-hardness is improved when compared with the commercial flux. 

 

NOMENCLATURE USED 

 

AC      Alternating Current                                    SAW    Submerged Arc Welding                                                                 

AWS    America Welding Society                                      BW       Braze Welding  

DC        Direct Current                                                        HV        Hardness Vicker 

HAZ     Heat-Affected -Zone                                               NE       Numbers of Electrode        

VU        Vertical-Up- Position                                              MS      Mild Steel       

VD        Vertical-Down -Position                                         AP        All Position  

 

3. EXPERIMENTATION 
 

In this study L 9 was chosen as the preferred array, 18 plates were cut to size of dimension 150 x 125 x 12 mm for 

experiment because four plates were required for welding in each trial. Edge preparation was completed on each of the 18 

plates as per the requirement of 9 trial condition given by Taguchi orthogonal array. The edge preparation of 45 degree 

was made on 125 mm side as shown in Figure 3.1. Edge preparation was done on shaper as shown in Figure 3.2. Groove 

between two plates is shown in Figure 3.3. After edge preparation, the plates were tacked through manual arc welding to 

avoid misalignment as shown in Figure 3.4  
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Figure 3.1 Groove geometry (a) front view and (b) top view 

 

 
Figure 3.2 Shaper machine for groove cutting 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3 Groove between two mild steel plates 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4 Tacking on back side of plates (Advance welding lab, RITM) 
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Table 3.1 Chemical Composition of SMAW Electrode 

C Si Mn P S Ni Mo Cr 

0.12 0.75 1.6 0.04 0.03 0.3 0.3 0.2 

 

Table 3.2 Value for input process parameter for SMAW 

S.No. Parameter Units Value 

1 Current Ampere 120 

2 Travel Speed m/hr 9 

3 Electrode Diameter Mm 3.2 

 

After tacking, root layer was deposited with the help of SMAW (Shielded Metal Arc Welding) as shown in Figure 3.5. The 

electrode used for SMAW was E7018. Table 3.1 shows the composition of electrode and Table 3.2  shows the value of 

input process parameter for SMAW. Maximum penetration height of root layer was 3 mm. Figure 3.6 shows the schematic 

diagram of weld bead. 

 

 

 

 

 

 

 

 

 

 

Figure 3.5 Root layer between grooves of plates through SMAW 

 

 
Figure 3.6 Weld bead nomenclature 

 

After depositing of root layer through SMAW, the plates were welded by SAW. Plates were placed on the bed of the 

machine and clamped with base plate using „C‟ clampers. All the values of input parameters have set on the machine and 

checked whether machine operate in backward direction or not. The unused flux is removed from the weld plates and 

collected in the flux hopper to reuse again. welding was completed on each part as shown in Figures 3.7. 
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Figure 3.7 Joint of plates clamped with C clamp 

 

Figure 3.8 shows the cutting of weld region with the help of power hacksaw and various specimen for different test have 

been cut by the power hacksaw. The specimen for the impact test are prepared upto the required size of specimen by hand 

hacksaw. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.8 Test specimens cut by power hacksaw (Advance welding lab, RITM) 
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4. RESULT & CONCLUSION 
 

Table 4.1 Result and S / N ratios of all samples 

 

Percenta Percentag Micro Impact 

Tensile S /N 

 

S /N 

 

ge e 

  

S /N 

 

Hardne Strength 

 

ratio of ratio of 

 

composit Composit Strength Ratio of 

 

ss energy hardnes tensile 

 

ion of ion of 

 

impact 

 

  

(MPa) s strength 

 

TiO2 MnO2 (VHN) (J) 

  

     

         

10 1.8 192.5 60 320 45.6886 33.9794 49.6575  

         

10 2.0 190.0 86 445 46.6285 37.6163 52.9672  

         

10 2.2 185.0 92 465 45.3434 36.9020 52.1919  

         

15 1.8 201.5 65 359 46.0855 41.1381 51.1019  

         

15 2.0 198.5 75 490 45.9552 35.7066 50.9061  

         

15 2.2 196.5 85 529 45.8673 37.5012 54.4691  

         

20 1.8 205.5 88 330 46.2562 39.0849 51.7990  

         

20 2.0 198.0 112 393 45.9333 40.9844 51.8879  

         

20 2.2 192.0 123 472 45.1775 41.7981 53.4788  

         

 

 

4.1 Micro-Structural Analysis 

 

Micro structures analysis of various specimens was done with an optical microscope of magnification up to 100 X to 

compare microstructure of the welded samples. Images were taken that are shown in figures. All the welded samples show 

a microstructure composed of acicular ferrite. It is conforming that Ti containing white inclusions in the sub arc weld 

metals plays a very important role for heterogeneous nucleation of acicular ferrite. Figure 6.10 shows the microscopic 

magnification graphs of the welded steels corresponding to the fluxes with different percentage composition of TiO2. The 

microstructure of the weld metal for each flux consisted mainly of equixed ferrite and acicular ferrite. Some small pearlite 

colonies were also observed in the welds. The micro constituent‟s volume percentage, as well as mean radius of equiaxial 

ferrite and mean length of acicular determined by means of quantitative metallographic. The lowest and highest volume 

percentages of acicular ferrite corresponded to the weld with 9% and 18 % of TiO2 fluxes respectively. 
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Figure 4.1 Microstructure with 10% Ti at 100X magnification 

Figure 4.2  Microstructure with 15% of Ti at 100X magnification 

 

4.2  Predicted results from the mathematical model 

 

Fluxes Micro hardness Impact strength Tensile strength 

    

F 1(14, 1.8%) 195.6 46.5 329.8 

    

F 2(14, 2.0%) 191 60.4 389.1 

    

F3 (14, 2.2%) 186.3 74.2 448.4 

     

F4 (18,1.4%) 200.5 66.4 346.1 

     

F5 (18,1.7%) 195.3 80.2 405.4 

    

F6 (18, 2%) 190.5 94.1 464.7 

    

F7 (18, 1.4%) 204.3 86.2 362.4 

    

F8 (18, 1.7%) 199.6 100.1 421.1 

     

F9 (18,2%) 195.5 113.8 481 

     

 

 

The present study was carried out to study the effect of titanium and manganese addition in submerged arc welding flux 

on the mechanical properties of AISI 1020 welds by keeping all other variables constant like current, speed and arc 

voltage. 

 

1. Based on the analysis of variance (ANOVA) it was found that the percentage composition of titanium has the 

greater influence on the micro hardness since p-value (0.009) for the Ti is much lesser than the 0.05 and for manganese p –

value (0.022) has lesser effect on the micro hardness. Further it was found that the average percentage composition of 

both titanium and manganese have significant influence on the tensile strength.  
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2. The value of Impact strength of the weld metal was maximum (123J) at 22% of TiO2 and 2.0% of MnO2 and 

minimum (50J) at 14% of TiO2 and 2.2% of MnO2at welding current of 400A and arc voltage of 28V.  

3. The value of micro hardness was maximum (205.5VHN) at 22% of TiO2and 2.0 % of MnO2 and minimum 

(185VHN) at 14% of TiO2 and 2.2% of MnO2.  

 

4. The value of tensile strength was maximum (529 MPa) at 18 % of TiO2 and 2.2 % of MnO2 and 

minimum(320 MPa) at 14 % of TiO2 and 1.8 % of MnO2  

 

5. As a result of increasing the titanium content in the flux, the amount of acicular ferrite was increased in the 

weld metal. With the further addition of titanium, the microstructure of the weld has changed from a mixture of ferrite, 

grain-boundary ferrite to a mixture of acicular ferrite, bainite and ferrite with M/A micro-constituents. The higher 

percentage of titanium in weld metal encouraged  
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