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Abstract - Submerged arc welding (SAW) is a widely used 
industrial welding process. Welding flux contributed a major 
part (about 50%) towards total welding cost in submerged arc 
welding. Besides economics consideration, flux consumption 
influences the pick up or loss of alloying elements by weld metal, 
thus the mechanical and metallurgical properties also affected. It 
will therefore be highly beneficial if we use some optimized 
parameters of welding process to decrease the flux consumption 
and to control the mechanical and metallurgical properties of 
weld metal. In present work, an attempt has been made to 
optimize the welding parameters to control the flux consumption 
as flux plays the major role to reduce the total welding cost. It 
was investigated that four welding parameters significant affect 
the flux consumption i.e. welding current, arc voltage, travel 
speed and nozzle to plate distance. Flux consumption in Kg/Kg of 
weld metal deposited was measured.  Mathematical model was 
developed from the data generated using two level half factorial 
technique. Further it was observed that flux consumption 
decreases with increase in welding current and travel speed.. 
 
Keywords:  submerged arc welding, granular flux, Welding 
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1. INTRODUCTION 
The submerged arc welding (SAW) is an arc welding process, in 
which one or more arcs formed between one or more bare wire 
electrodes and the work piece provides the heat for coalescence. The 
arc is completely submerged under a blanket of granular, fusible 
flux, which adequately shields the arc from atmospheric 
contamination. The process can be fully or semi automatic. Filler 
metal is obtained from the electrode and sometimes a supplementary 
welding rod or metallic addition. Flux contributes a major part 
towards welding cost in submerged arc welding. Flux is converted 
into slag during welding which is a considered as waste & is 
discarded. The process is extensively used in heavy steel plate 
fabrication & surfacing/cladding applications. 
 
About 2500 tonnes of flux was consumed in India alone in year of 
1982 [1] which has risen to 10000 tonnes in the year of 2006 [2]. 
Such a large quantity of flux that becomes slag after welding has to 
be disposed-off. Land-fill space is required to dump the slag waste. It 
is non bio-degradable and will not decay with time. Disposal cost 
will increase apart from environment pollution. Being brittle and 
glassy the slag can also not be used as a filling material in building 
construction. Moreover manufacturing of new flux require the use of 
non renewable resources such as minerals that may get exhausted 
due to continuous mining. Despite these problems, It is not possible 
to stop the generation of slag because it is a by-product of the 
process, however methods can be devised to reuse this slag as flux in 
the same submerged arc process after recycling. Reuse of slag will 

not only minimize wastage but also reduces the welding cost as the 
cost of recycling of slag is less than the purchase of new flux.   
 
2. Experimentation 
1. Identifying the important process control variables and finding 
their upper and lower limits. Developing the design matrix. 
2. Conducting the experiments as per the design matrix. 
3. Recording the responses. 
4. Developing the mathematical models. 
5. Calculating the significance of the coefficients and arriving at 
the final mathematical models. 
6. Conducting the conformity test. 
7. Presenting the effects of the process variables on flux 
consumption.  
 
2.1 Identification of Process Variables and their 
Working Range  
Welding current (I), arc voltage (V), travel speed (S) and nozzle to 
plate distance (N). The working range was decided upon by 
inspecting the bead for a smooth appearance without any visible 
defects such as surface porosity, under cut, pock marks. The upper 
limit of a factor was coded as (+) and lower limit as (-) respectively. 
The decided values of process parameters with their units and 
notations are given in Table-1 
 

Table –1: Welding parameters and their working range 
Parameter Units Symbol Values 

(-) (+) 

Welding current ampere  I 315 500 
Open circuit 

voltage 
volts V 30 38 

Travel speed m/min S 0.36 0.67 
Nozzle to plate 

distance 
mm N 17 24 

 
 

2.2 Development of Design Matrix 
The design matrix developed to conduct the eight trials of 24-1 (=8) 
two level half factorial design is shown in Table-2. The procedures 
of designing such a design matrix are dealt with [8]. 
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Table –2: Design Matrix 
 

Trial No. I V S N 
1 2 3 4=123 

1. +1 +1 +1 +1 
2. -1 +1 +1 -1 
3. +1 -1 +1 -1 
4. -1 -1 +1 +1 
5. +1 +1 -1 -1 
6. -1 +1 -1 +1 
7. +1 -1 -1 +1 
8. -1 -1 -1 -1 

 
2.3 Conducting the Experiments 
Beads on mild steel plates as shown in fig.-1 having size 10×75×250 
mm were deposited as per design matrix using 3.15 mm diameter 
conforming to AWS A5.17- 69, EL-08 wire. Electrode positive 
reverse polarity was used. A constant potential transformer-rectifier 
type power source with a current capacity of 1200 amperes at 60% 
duty cycle and 900 amperes at 100 % duty cycle, an OCV of 26 to 44 
volts was used. For flux consumption beads on plate were deposited. 
The weight of plate before and after deposition bead were recorded. 
Flux consumed for each bead was noted. Then flux consumed in 
kg/kg of weld metal deposited was calculated. The experiments were 
performed in random manner to avoid any systematic error. The 
complete set of eight trials was repeated thrice for the sake of 
determining the variance of parameters and variance of adequacy for 
the model.  
 
 
 

 
 

                                                                    75 mm 
            250 mm 

Fig -1. Weld bead deposited on plate 
 
2.4 Recording of Responses 
The experiments were performed in random manner to avoid any 
systematic error. A measured quantity (1kg) of flux was used for 
each bead. The initial and final weight of base plate before and after 
deposition of weld bead was noted and recoded in Table-3 and 4 for 
two sets of experiments. Then flux consumption in kg/kg of weld 
metal deposited was calculated for each trial run.  

 
Table - 3: Response of Flux Consumption for Set-1 

Trial 
no. 

I     
(amp) 

 

V        
(volt) 

S 
(m/min) 

N    
(mm) 

Flux 
consumption 
(grams) 

1 500 38 0.67 24 36 
2 315 38 0.67 17 44 
3 500 30 0.67 17 18 
4 315 30 0.67 24 34 
5 500 38 0.36 17 82 
6 315 38 0.36 24 90 
7 500 30 0.36 24 30 
8 315 30 0.36 17 54 

 
 
 
 
 
 

Table - 4: Response of Flux Consumption for Set-2 
 

Trial 
no. 

    I   
(amp)                          

  V 
(volt) 

S 
(m/min) 

N   
(mm) 

Flux 
consumption 
(grams) 

1 500 38 0.67 24 46 
2 315 38 0.67 17 48 
3 500 30 0.67 17 20 
4 315 30 0.67 24 38 
5 500 38 0.36 17 70 
6 315 38 0.36 24 86 
7 500 30 0.36 24 40 
8 315 30 0.36 17 46 
 
3. Results and discussion 
 
3.1 Effect of welding current on flux consumption 
Figure-2 indicates the effect of welding current on flux consumption 
grams/kg of metal deposited. It can be observed that flux 
consumption decreases linearly from 55 to 42.75 grams with an 
increase in welding current from 300 to 500 ampere. This decrease in 
flux consumption is due to the fact that with the increase in welding 
current, the melting rate of electrode increases and there by the metal 
deposition rate increases. It was further observed that flux 
consumption in grams/sec decreases with increase in welding 
current; however rate of metal deposition kg/sec is more than rate of 
flux consumption in grams per second. Therefore the ratio of flux 
consumption grams/kg of metal deposited decreased.  
 

 
 

Fig.-2: Effect of welding current on flux consumption 
 
3.2 Effect of Arc Voltage on Flux Consumption: 
Figure-3 indicates the effect of arc voltage on flux consumption. The 
flux consumption increased from 35.0 to 62.75 grams/kg of metal 
deposited with an increase in arc voltage from 30 to 38 volts. The 
increase in flux consumption with increase in arc voltage can be 
attributed to the fact that the increase in arc voltage increases arc 
length, thereby increasing the spread of arc and hence higher amount 
of flux coming in contact with the arc. Due to increased arc length 
arc strikes on a larger surface area causing wider and flatter bead 
hence increase in contact area between molten pool and flux, 
resulting more flux to melt. 

10 mm 
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Fig-3: Effect of Arc voltage on flux consumption 

 
3.3 Effect of Travel Speed on Flux Consumption 
Figure-4 indicates the effect of travel speed on flux consumption. It 
can be observed that flux consumption decreases linearly from 62.25 
to 35.5 grams/kg of weld metal deposited with an increase in welding 
speed from 0.36 to 0.67 m/min. As welding current and arc voltage is 
constant increase in travel speed decreases heat input per unit length 
of weld. Less amount of heat input per unit length of weld generates 
smaller size of molten pool. Due smaller bead width smaller area of 
contact between molten metal and flux caused less amount of flux to 
melt. Hence flux consumption decreased with increase in travel 
speed. 

  
Fig.-4: Effect of Welding travel speed on Flux consumption 

 
3.4 Effect of Nozzle to Plate Distance on Flux Consumption 
Rate 
Figure-5 indicates the effect of nozzle to plate distance on flux 
consumption. It can be observed that flux consumption decreases 
linearly from 53.76 to 52.25 grams/kg of weld metal deposited with 
an increase in nozzle to plate distance from 17 to 24 mm. As nozzle 
to plate distance increases a digging arc is obtained affecting weld 
penetration. More heat arc is utilized for melting of base metal. Due 
to constricted and digging arc, area of contact between molten metal 
and flux decreases leading to decrease in flux consumption.   

 
Fig.-5: Effect of Welding Travel Speed on Flux consumption 

Conclusion 

1. Two level factorial design techniques could be employed 
for developing the model for predicting the flux 
consumption in submerged arc welding process. 

2. Arc voltage has profound effect on flux consumption, flux 
consumption increased from 35.0 to 62.75 grams/kg of 
metal deposited with an increase in arc voltage  30 to 38 
volts. 

3. It was further observed that flux  consumption decreased 
from 55 to 42.75 grams/kg of  metal deposited by 
increasing welding current from 315 to 500 amperes. 

4. Flux consumption decreases linearly from 62.25 to 35.0 
grams/kg of weld metal deposited with an increase in travel 
speed from 0.36 to 0.67 m/min. 

5. Flux consumption decreases linearly from 53.76 to 52.25 
grams/kg of weld metal deposited with an increase in 
nozzle to plate distance from 17 to 24 mm. 
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