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Abstract- The present study is an attempt to understand Enhancement of Impact strength of SAW welded low carbon steels 
by addition of Titanium and Manganese in agglomerated flux. Nine different compositions of fluxes were prepared by 
varying percentages of the elements from 9 to18% of TiO2 and 1.4 to 2.0 % MnO2. The welding conditions were kept 
constant for each weld like welding speed, welding current and arc voltage. The Minitab software was used to determine the 
number of experiments to be performed with different factors at different levels. Various tests like Impact test, Micro-
hardness test & tensile test were conducted to study the effect of different flux compositions on the mechanical properties of 
weld bead. 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 for the Titanium is much lesser than the 0.05 and manganese 
percentage have lesser effect on the micro hardness. Further it was found that the average percentage composition of both 
titanium and manganese giving significant increase in the tensile strength values. The value of Impact strength of the weld 
metal is maximum at 18% of TiO2 and 1.4% of MnO2 and minimum at 9% of TiO2 and 2% of MnO2 at welding current of 
400A and arc voltage of 28V.The increase in titanium content in fluxes also improve the toughness and ductility of the 
welds. 
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I. 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. 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. Alloy ingredients are being 
mixed with the flux to enhance the mechanical 
properties and improve corrosion resistance of the 
weld deposit. In this experiment automatic 
submerged arc welding machine is used. Manganese 
fluxes give lower residuals of Sulphur, whereas 
calcium silicate fluxes were responsible for removal 
of phosphorus. Because of small grain size and high 
angle grain boundaries acicular ferrite is desired 
microstructure in weld for high impact strength and 
ductility [11]. Low level of oxygen is desired in the 
weld metal for good impact strength [18].The effect of 
wire/flux combination on chemical composition, 
tensile strength and impact strength of weld metal 
were investigated and interpreted in terms of element  
 

 
transfer between the slag and weld metal[19]. Metal 
powder such as nickel and molybdenum will increase 
the deposition rate and the welding-arc efficiency and 
it reduces the shielding-flux consumption [17]. Non 
active flux enhance the formation of pearlite and 
ferrite in weld having the highest toughness and 
ductility where as active flux with Cr and Mo 
promoted the formation of acicular ferrite and fine 
carbide in the weld showing higher tensile strength 
and hardness[21]. The presence of acicular ferrite was 
detected for welds of fluxes with the highest content 
of titanium oxide [15].Present work will reveal the 
study of agglomerated fluxes for having MnO2 and 
TiO2 as an alloying elements with various 
combination in weld metal with same welding 
condition. 
 
II. EXPERIMENTATION DESIGN 
 
Identification of Process Control Variables and 
Their Working Range 
Two important process parameters i.e. percentage 
compositions of TiO2 and MnO2 were selected to 
carry out the experimental work. Accordingly three 
values were selected from the operating range Three 
levels of both the variables were selected and their 
working range is given in Table 1.1. 
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Table 1.1-Process parameters and their working range 

 
 
Design of Taguchi Orthogonal Array 
Minitab software was used to determine the number 
of experiments to be conducted with the Pre-
determined variables and their levels. L9 orthogonal 

array was selected with different values of variables 
at different levels and accordingly nine experiments 
were designed as shown in the Table 1.2. 
 

 
Table 1.2- Orthogonal Array 

 
 
Determination of Percentage Composition 
Flux weight was measured and accordingly TiO2 and 
MnO2 powder was added to Auto melt B-31 by 
calculating the percentage composition of TiO2 and 
MnO2 using hit n trail method. Weight of sodium 

silicate was neglected because most of it gets 
evaporated during baking process. The percentage of 
TiO2 composition was selected as show in Table 1.3. 
 

 
1.3- Calculation of percentage composition of TiO2 

 
 

Table 1.4- Calculation of percentage composition of MnO2 
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III. EXPERIMENTATION 
 

Agglomerated fluxes used in the study were prepared 
by varying the ingredient TiO2 and MnO2. The range 
of each flux ingredients as well as welding 
parameters used in the present study were determined 

by trial run in submerged arc welding for defect free 
quality welds. All the welds were prepared by 
keeping the heat input constant and varying each flux 
for each welds. The test matrix for welding the plates 
listed in the table. 

 
 

Table 1.5: Test Matrix for welding plates 

 
 
Welding of Plates 
For welding, the edges of MS plates were prepared by 
making a V-groove of 45˚. Weld samples were 
welded taking two MS plates, 12mm thick and size 
125 x 150mm of each plate on Submerged Arc 
Welding Setup (ADOR Tornado SAW M-800) at 
advance welding lab, SLIET Longowal Punjab. All 
the experiments were conducted using 3.2mm 
diameter wire electrode (EH-14) by taking optimum 
welding parameters (welding current 400A, arc 
voltage 27V and weld speed 12 m/h) with DCRP. 
Total 9 experiments were performed according to L9 
orthogonal array and accordingly 9 different 
composition fluxes were developed. 
 
IV. TESTS PERFORMED AND RESULT 
ANALYSIS 
 
Micro hardness test: micro hardness test were 
performed in CITCO Chandigarh. The hardness test 
was carried out by polishing the cross-sectioned 
samples with Amery papers. For micro-hardness 
testing the specimens were prepared using standard 

procedure like belt grinding, polishing. The samples 
measuring for micro hardness were firstly ground on 
the belt grinder, then rubbed with emery paper size 
no. 400, 600, 800, and 1000 then polished on 
polishing wheel. 

 
Impact Strength Test: Charpy Impact specimens 
were prepared in accordance with ASTM E-23 
standards which is charpy V- notch testing of metallic 
materials. Impact toughness test was carried out in 
metallurgy lab mechanical department SLIET. The 
Charpy V notch test was carried at on the sample of 
dimensions 55x 10x 10 mm with 2mm notch at 45° 
prepared with the triangular file in advance welding 
lab, mechanical department SLIET. 
 
V. RESULTS AND ANALYSIS 
 
The results of the experimentation and mechanical 
testing of different welded specimens are given in 
table1.6. From Minitab software L9 orthogonal array 
is selected and accordingly S / N ratios for responses 
is calculated. 

 
Table 1.6 Result and S / N ratios of all samples  
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VI. ANALYSIS OF MICRO HARDNESS 
 

Table 1.7- Analysis of variance for micro hardness 

 
 
Since the P-value in the Table 1.7 is less than 0.05, 
there is a statistically significant relationship between 
the variables at the 95.0% confidence level. From 
table it can be easily figure out that the percentage 
composition of TiO2 and the percentage composition 
of MnO2 both are significant factor. The main effect 

of TiO2 is to improve the micro hardness so larger is 
better option is selected from Taguchi design and 
accordingly response for signal to noise ratio is 
generated. 
 

 
Table 1.8 Response S/N ratio for micro- hardness 

 
In response table Delta value indicates the variability of factors. Table 1.8 shows that percentage composition of 
TiO2 has highest variability. Also rank of parameters in response table indicates the order at which the 
parameters influence the quality characteristics. So TiO2 has greatest influence on weld micro hardness. 
 
VII. ANALYSIS OF IMPACT STRENGTH 
 

Table 1.9- Analysis of variance for Impact strength 
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Since the p-value in the Table 1.9 is less than 0.05, 
there is a statistically significant relationship between 
the variables at the 95.0% confidence level. From the 
table it can be easily figure out that percentage 
composition of TiO2 and MnO2 are both significant. 
Also the percentage contribution of TiO2 has the main 
effect on impact strength. The main effect of TiO2 is 

to increase the impact strength so larger is better 
option is selected from Taguchi design and 
accordingly response for signal to noise ratio is 
generated. It was found that level-3 of composition of 
TiO2 and level-3 of composition of MnO2 gives the 
optimum values.  
 

 
Table 2.0 Response for Signal to Noise Ratios: larger is better 

 
 

In response table Delta value indicates the variability 
of factors. Table 6.5 shows that %age composition of 
TiO2 has highest variability. Also rank of parameters 
in response table indicates the order at which the 
parameters influence the quality characteristics. So 
TiO2 has greatest influence on the Impact strength of 
the weld. 
 
CONCLUSIONS 
 
 Based on the analysis of variance (ANOVA) it 

is found that the percentage composition of 
titanium has the greater influence on the micro 
hardness since p- value for the Ti is much 
lesser than the 0.05 and manganese percentage 
have lesser effect on the micro hardness. 

 The value of Impact strength of the weld metal 
is maximum at 18% of TiO2 and 1.4% of 
MnO2 and minimum at 9% of TiO2 and 2% of 
MnO2at 400A current and 27V arc voltage. 

 The value of micro hardness is maximum at 
18% of TiO2and 2 % of MnO2 and minimum at 
9% of TiO2 and1.4% MnO2. 

 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 has changed from 
a mixture of acicular ferrite, grain-boundary 
ferrite to a mixture of acicular ferrite, bainite 
and ferrite with M/A micro-constituents. 

 The micro structural refining improved the 
impact properties of the weld but hardening 
effect of manganese reduced the toughness. 

 The ductility of the welds is improved by the 
addition of MnO2 in the flux. 

 From the results it concluded that the titanium 
addition and manganese addition in the flux 
helped to refine the micro structure of the weld 
moreover it improves mechanical properties 

like impact strength which is very much 
necessary for the weld made by the submerged 
arc weld. 
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