
International Journal of Innovative Technology and Exploring Engineering (IJITEE) 

ISSN: 2278-3075, Volume-8 Issue-12S, October 2019 

282 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  

Retrieval Number: L107610812S19/2019©BEIESP                  

DOI: 10.35940/ijitee.L1076.10812S19 

 

Abstract— In this study the fluxes of the submerged arc 

welding were designed with the help of ternary phase diagram 

CaO_SiO_2_Al_2 O_3 & CaO_TiO_2_Al_2 O_3 flux systems. 

Various combinations of flux constituents and caching 

parameters for performing submerged arc welding. Orthogonal 

array of Taguchi L9 were used for designing the flux. 3 variable 

of flux constituents were varied at three levels. Total number of 

18 fluxes were designed for the study. 9 each for TiO2 and SiO2 

based flux system. At open circuit voltage bead on the plate weld 

was performed i.e. 34Volt. By this study, an effort has been done 

to study/experiment the arc stability of SiO2 and TiO2 based flux 

system. Current and voltage transient were recorded by the use of 

high speed data procurement system. MATLAB 9 and Sigma plot 

11 were used to plot the graph of time v/s voltage and current, to 

visualize the behavior of arc at different duration of weld for both 

types of flux systems. In SiO2 flux system, flux no 4 gave 

optimized results whereas in TiO2 flux system, flux no1 gave the 

better results. 
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I. INTRODUCTION 

AC or DC current sources are used for the SAW, this kind 

of energy source produce arc between the metal sheet and 

electrode. Continuous fed type of the electrode used which 

is circular wire and consumable one. Hoper is used to fed 

the flux in the system. The granular flux covers the metal 

plate and electrode. Arc produced between the metal plate 

and, electrode is not visible in SAW. It serves various 

objectives such as protection against sparks and spatter, 

shielding and cleaning of molten puddle. It also performed 

like a fence that grips the heat & concentrates that heat into 

the weld area which promotes deep penetration. Due to deep 

penetration, better bead appearance and superior quality of 

weld strength, submerged arc welding is most widely used 

process in heavy industries. In SAW data acquisition system 

is the best solution to monitor the voltage & the current 

fluctuations. Voltage and current transient were recorded to 

observe the quality of weld. As per the literature review the 

arc features of submerged arc welding with the wire of 

stainless steel were studied/experimented by using 

Analyzator Hannover. The Probability Density Distribution 

curve of arc voltage and the welding current were analyzed. 

Metal transfer modes in SAW and characteristics of stable 

and steady arc were summarized [1]. A granulated flux that 

is used for submerged arc welding plays an essential role, so 

that it should provide suitable weld metal structure and 

perform good welding behavior. This can be accomplished 
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by maintaining Flux material in optimum range [2]. Fluxes 

are not easily available for HSLA steel, the structure of that 

flux is not clearly described. Constrained matrix mix design 

and extreme corner design were used to steady and observe 

the influence of flux composition on welded properties [3]. 

Metal transfer behavior of plasma enhanced gradient 

metal arc welding was studied by the recording of the arc 

signal in real time with the help of high speed data 

acquisition system. It was analyzed that the pattern 

recognition of several types of metal transfer modes for 

PESMAW can be detected with accurate measurements of 

comparative significant process parameters [4]. Short-

circuiting is a mostly common occurrence in gas-metal arc 

welding. To evaluate the working parameters & to ensure 

stable and even GMAW-P, the dynamic behaviors of short-

circuiting in GWAW-P were studied for different pulse 

parameters [5]. Acoustic signals were processed to obtain 

time domain and frequency domain descriptors in short 

circuit gas metal arc welding. The result indicates that the 

sound of the arc displays different characteristics and 

features for each and every welding position and the main 

and key source of the acoustic waves in the short circuit 

metal transfer mode is the arc alignment. It may be easily 

assessed arc stability and welding defects with the help of 

acoustic signals [6]. 

The result of parameters of the welding process on the 

waveform deposition in the advanced gas metal arc welding 

process was studied, the result of which shows that good 

weld capacity, properties of good mechanical joint and 

suitable method for thin sheets by innovative power source 

regulation and instruction Efficiency can be achieved, 

especially low circuiting, speed of electrode wire, and 

controlled polarity [7]. 

In the current customary, deviation of the current and 

voltage signals was used to analyze the flux system of both 

types of flux systems. Using the MATLAB software, the 

stability of the arc was examined for both the flow system. 

II. METHOD OF FLUX DESIGN 

In this experiment, 3 factors are selected for design of the 

3 levels of the flux. Taguchi design was adopted due to its 

simple and systematic method and it can also reduce 

experiments’ number to optimal level. Degree of freedom 

for the each and every of the factor is 1 less than the level of 

factor. Two degree of freedom is assigned to each 3 factor, 

two degree of freedom is assigned to the error term. So, that 

total number of degree of freedom is 8. So, L9 orthogonal 

array was chosen which has 9 numbers of runs. Level of  
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flux constituents NiO, MnO and MgO is shown in Table 1. 

Sr. No.  Design 

Matrix 

 

1. 60 50 85 

2. 60 70 95 

3. 60 95 105 

4. 80 50 95 

5. 85 75 105 

6. 80 90 85 

7. 95 50 0105 

Table 1. Flux constituent's level 

III. METHOD OF FLUX PREPARATION  

The above examination suggests the L9 orthogonal array, 

every 9 fluxes were prepared for SiO2 and TiO2 based 

materials. The main 3 components, which vary in flux 

according to the L9 orthogonal array, are presented in 

Figure 1. The other components of the flux which were kept 

continuously, they were illustrate in Figure 2. Composition 

and parameters of weldingFigure 2 for each type of flux. 

A total of 2 kilogram flux was prepared for each and 

every combination by the method of agglomeration. All 

components were mixed together in a large container with 

ten steel balls of 10 mm diameter for half an hour. 

Potassium silicate (K2O3Si) heated to 5000 C, scattered in 

the mixture (500 grams per 1000 ml). The identical mixture 

was repeatedly mixed for 30 minutes. 

This process was repeated until the binder potassium 

silicate (K2O3Si) and other components do not make the 

granules. The resulting mixture is dried at room temperature 

for 48 hours and then cooked in a muffle furnace at a 

temperature of about 650 ° C for 4 hours. After this process 

cooling is done and then the prepared mixture was passed by 

the sieve strain required to eliminate the dust from the flux 

and kept in the air tight container. Before the use up to 4000 

C, the Flux was baked again. 

 

 
Figure 1.  L9 Orthogonal array Design matrix 

 

 
Figure 2. Composition and parameters of welding 

 

IV. EXPERIMENTAL PROCEDURE  

Arc welding machine is dipped on a continuous DC 

voltage, which the provision of automatic wire has feed rate 

and the speed of the welding. Bead on plate arrangement 

was used to test the position of the weld. 

Low grade carbon steel plate (IS-2062A) of the grade was 

mechanically cleaned from the brush to remove rust from 

the surface before welding. The conditions of welding are 

shown in Figure 2, which have been kept constant and 

persistence during the whole experiment. Single layer weld 

passes were made for each 9 flux of SiO2 and TiO2 based on 

34Volt. With the help of data acquisition system at high 

speed voltage and current transient for all types of flux were 

recorded.  

V. RESULT AND DISCUSSION  

A high speed data acquisition system which has the 

provision to record data on two separate channels at one go; 

Two properties can be entered in real time. It can record 

high speed system voltage and current reading as 1000 

samples per second. In this case, it was set to record 200 

samples per second for approximately 200 to two minutes.  

The recorded samples of voltage & the current were used 

to plot the time v / s voltage and time v / s current graph. An 

example of Flux No. 1 and Flux number 4 for both types of 

flux systems was used to plot the graph. Figure 5 represents 

the voltage and current transient for SiO2 flux number 1. It 

is clear from the fig that the arc for the first 20 seconds is 

not so stable. Figure 6 represents the flux number 4 of SiO2 

flux arc, is constant for 80 seconds and after that it becomes 

unstable for 10 seconds. 

Figure 7 and Figure 8 represent TiO2 flux numbers 1 and 

4, respectively. From these graphs it is very clear that the arc 

is very unstable for the entire duration. In order to study 

more consistency of arc, the time of welding is divided into 

four sections, such as the period of arc initiation, i.e. 0 to 4 

seconds. The duration of the arc spread i.e. 4 to 8 seconds 

Duration of arc stabilization i.e. 30 to 34 seconds. The 

duration of the lubrication of the arc i.e. 60 to 64 seconds 

These graphs were calculated for different period of weld 

with the use of deviation of the MATLAB standard. The 

result illustrate in Figure 3 and 

 
Figure 4 is the standard deviation (SD) of the voltage for 

both types of flow. Similarly, the standard deviation of 

current is shown inFigure 9 and Figure 10 for both types of 

flow. 
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Figure 3. Std. deviation of voltage for SiO2 flux 

 
Figure 4.  Std. deviation of voltage for TiO2 flux 

 

 
Figure 5. V and I transient for Sio2 flux 1 

 

 
Figure 6. V and I transient for Sio2 flux no 4 

 

 
Figure 7. V and I transient for Tio2 flux no 1 

 

 
Figure 8. V and I transient for Tio2 flux no 4 

 

 
Figure 9. Std. deviation of current for SiO2 flux 

 

 
Figure 10. Table 9: Std. deviation of current for TiO2 

flux 

 

This data is used to check 

the consistency of the arc for 

everyone. The type of flow in 

the description. Histogram is 
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used on the basis of graph, standard deviation of voltage and 

current. For all the different periods of Figure 11 displays, 

all the flow is the result of standard deviation weld. It is 

clear from fig that Flux number 4 is the most stable compare 

to other flux. Figure 12 It is clearly visible that the flux 

number 1 is the most stable flux for all periods of weld. The 

same is true from Figure 13 and Figure 14. 

The duration of the description can also be used for the 

plot of the graph, for the voltage and current such as SiO2 

flux, shown in Figure 15 and Figure 16.  Figure 17 and 

Figure 18 for TiO2 flux. These diagrams are very useful to 

study the metal transfer mode for all the flux. Figure 15 is 

the extension of Figure 5. According to this graph and tables 

it is clear that the metal is transferred to the molten pool 

from the electrode. The voltage & the current fluctuations 

show that the drop metal is being transferred to the pool by 

drop metal. 

 
Figure 11.  Std. deviation of voltage for SiO2 flux 

 

 
Figure 12.  Std. deviation of voltage for TiO2 flux 

 

 
Figure 13.  Std. deviation of current for SiO2 flux 

 

 
Figure 14.  Std. deviation of current for TiO2 flux 

 
Figure 15.  V and I transient for 0 to 4 sec for SiO2 

flux no 1 

 

 
Figure 16. V and I transient for 4 to 8 sec for SiO2 flux 

no 1 

 

 
Figure 17.  V and I transient for 0 to 4 sec for TiO2 

flux no1 
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Figure 18. V and I transient for 4 to 8 sec for TiO2 

flux no1 

VI. CONCLUSION 

After study and experiment, following conclusion can be 

made: the SiO2 flux system is more stable compared to the 

TiO2-based flux system, and the No. 4 flux is most stable in 

the SiO2 flux system, and the No. 1 flux is most stable for 

the TiO2-based flux. It is clearly seen from the histogram 

that online monitoring of the weld can be fully used to 

detect a weld defect by checking voltage and current 

fluctuations, metal transfer mode can also be detected using 

the recorded data, voltage and current transient can be used 

to study behavior of the arc when welding under flux, as in 

this type of welding arc is not visible. 

REFERENCES 

1. K. Li, Z. Wu, C. Liu, and F. Chen, “Arc characteristics of 
submerged arc welding with stainless steel wire,” Int. J. 
Miner. Metall. Mater., vol. 21, no. 8, pp. 772–778, Aug. 
2014. 

2.  “Jagjit Singh Randhawa - Google Scholar Citations.” 

[Online]. Available: 
https://scholar.google.co.in/citations?user=1Ulvc9QAAA
AJ&hl=en. [Accessed: 10-Jun-2019]. 

3. S. Jindal, R. Chhibber, and N. P. Mehta, “Modeling flux 
chemistry for submerged arc weldments of high-strength 
low-alloy steel,” Proc. Inst. Mech. Eng. Part B J. Eng. 
Manuf., vol. 228, no. 10, pp. 1259–1272, Oct. 2014. 

4. S. Thiru, S. Pandey, S. Hemavathi, and A. Rahman Bin 

Dullah, “METAL TRANSFER BEHAVIOR OF 
PLASMA ENHANCED SHIELDED METAL ARC 
WELDING (PESMAW),” Malaysia Specia issue 
Sci.Int.(Lahore), vol. 26, no. 5, pp. 1785–1790, 2014. 

5. Q. Wang, B. Qi, B. Cong, and M. Yang, “Output 
characteristic and arc length control of pulsed gas metal 
arc welding process,” J. Manuf. Process., 2017. 

6. L. Grad, J. Grum, I. Polajnar, and J. Marko Slabe, 

“Feasibility study of acoustic signals for on-line 
monitoring in short circuit gas metal arc welding,” Int. J. 
Mach. Tools Manuf., vol. 44, no. 5, pp. 555–561, Apr. 
2004. 

7. P. Kah, R. Suoranta, and J. Martikainen, “Advanced gas 
metal arc welding processes,” Int. J. Adv. Manuf. 
Technol., vol. 67, no. 1–4, pp. 655–674, Jul. 2013. 


