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Abstract 

In this era of modernization,everyone is busy and hence all has lack of time.This dissertation is about the effect of different 
parameters on bead geometry of stainless steel in Submerged Arc Welding and how to improve the output and reduce the time 
and cost. Welding input parameters play a very significant role in determining the quality of a weld.   The present investigation 
uses arc voltages, current, welding speed, wires feed rate and nozzle-to-plate distance as process parameters. This dissertation has 
been completed using methods like DOE. Multiple regression analysis has been used to develop a mathematical model to predict 
weld width .Adequacy and significance of the model has been checked busing analysis of variance, F-test and t-test respectively. 
Effects of process variables on weld-width have been graphically presented. Experiments have been performed to compare the 
results obtained with the corresponding predicted values. The models developed have been found to be adequate with a 
confidence level of nearly 95%.Weld width has been found to increase with increase in voltage, current and wire feed rate and 
decreases with increase in welding speed and nozzle-to-plate distance.  A variation in these parameters changes the heat input and 
consequently affects the bead geometry. With the increase in arc length the arc voltage increases and thus more heat is available 
to melt the metal and the flux, this leads to increase in weld width and volume of reinforcement while the depth of penetration 
decreases.  Increase in current causes excessive weld reinforcement. Increase in welding speed results in lesser penetration, lesser 
weld reinforcement and lower heat input rate. 
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1. Introduction  

The most widely used welding methods in industries and research organizations are shield metal arc 

welding (SMAW), gas metal arc welding (GMAW), gas tungsten arc welding (GTAW) and submerged arc welding 

(SAW). The SAW process is often preferred because it offers high production rate, high melting efficiency, ease of 

automation and low operator skill requirement. It was first used in industries in the mid 1930’s as a single-wire 

welding system. It was further developed into two-wire or three wire system because of high productivity 

requirements after the Second World War. Recently, five-wire SAW system has also been developed to get high 

welding speed and high productivity[1] . Submerged arc welding or sub arc as it’s generally referred to, is a unique 

welding process because there is no visible evidence that a weld is being made. The welding zone is completely 

shielded by a blanket of granular flux. The American Welding Society (AWS) defines Submerged Arc Welding 

(SAW) as follows: 

“ An arc welding process which produces coalescence of metals by heating them with an arc or arcs 

between a bare metal electrode or electrodes and the work. The arc and molten metal are shielded by a blanket of 

granular, fusible material on the work. Pressure is not used, and filler metal is obtained from the electroded and 

sometimes from a supplemental source (welding rod, flux ar metal granules”. Submerged arc welding (SAW) is 

commonly used for fabricating large diameter line pipes, pressure vessels and wind turbine towers due to its high 

deposition rate, high quality welds, ease of automation and low operator skill requirement. In order to achieve high 

melting efficiency required for high productivity, best weld quality and good mechanical properties in 

manufacturing industries, the welding process parameters need to be optimized. 

The greatest advantage of SAW is its high welding productivity due to its high deposition rate, ease of 

automation and low operator skill requirements. Its productivity level is about 4 to 10 times that of the SMAW 

process. Since the electric arc is covered by the granular flux or molten slag, minimal welding fume or arc light is 

emitted. Therefore, the working environment is very comfortable to operators who may not need to wear goggles 

and thick clothes to protect themselves. To have better control and knowledge of SAW process, it is essential to 

establish the relationship between process parameters and weld bead geometry to predict and control weld bead 

quality. Welding input parameters play a very significant role in determining the quality of a weld.  A variation in 

these parameters changes the heat input and consequently affects the bead geometry. With the increase in arc length 

the arc voltage increases and thus more heat is available to melt the metal and the flux, this leads to increase in weld 

width and volume of reinforcement while the depth of penetration decreases.  Increase in current causes excessive 

weld reinforcement. Increase in welding speed results in lesser penetration, lesser weld reinforcement and lower heat 

input rate. 

Welding current is the most influential variable in arc welding process which controls the electrode burn 

off rate, the depth of fusion and geometry of the weldments. This is the electrical potential difference between the tip 

of the welding wire and the surface of the molten weld pool. It determines the shape of the fusion zone and weld 
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reinforcement. High welding voltage produces wider, flatter and less deeply penetrating welds than low welding 

voltages. Depth of penetration is maximum at optimum arc voltage. Speed of welding is defined as the rate of travel 

of the electrode along the seam or the rate of the travel of the work under the electrode along the seam. Some 

general statements can be made regarding speed of travel. Increasing the speed of travel and maintaining constant 

arc voltage and current will reduce the width of bead and also increase penetration until an optimum speed is 

reached at which penetration will be maximum. Increasing the speed beyond this optimum will result in decreasing 

penetration. [2] 

The flux used in SAW is similar to the coating of electrodes used in SMAW to protect the melting metal 

from oxidation and add small amounts of elements into the metal to get good quality welds. The composition of the 

granular fusible flux includes oxides of Mn, Si, Ti, Al, Ca, Zr, Mg and other compounds [3]. The weld metal 

chemistry is affected by the electrochemical reactions at the weld pool-flux interface. The main characteristics of 

SAW are affected by the flux type and its physicochemical properties [4]. The flux has several functions. It protects 

the weld metal from the atmospheric contamination, stabilizes the arc, provides the appropriate weld metal 

composition, deoxidizes the weld metal and influences the bead shape morphology. Hardness plays an important 

role in determining the characteristics of a metal and alloy and often the results of such measurements are a 

determining factor in the acceptance or rejection of weldments. The integrity of the weldments can be determined by 

a comprehensive determination of micro-hardness of the weld bead in conjunction with the study of microstructure. 

Micro-hardness depends on composition, grain size, presence of micro-constituents and its size and distribution. 

 

2. Materials And Methods 

2.1 Stainless steel 

Stainless steel is the name given to a group of corrosion resistant and high temperature steels. Their 

remarkable resistance to corrosion is due to a chromium-rich oxide film which forms on the surface. The basic 

composition of stainless steel is iron (Fe) and chromium (Cr). 

 

2.2 Types of stainless steel 

Austenitic or 300 series, stainless steels make up over 70% of total stainless steel production. Austenitic 

stainless steels are iron-chromium-nickel alloys which are hardenable only by cold working.  They contain a 

maximum of 0.15% carbon, a minimum of 16% chromium and sufficient nickel and/or manganese to retain an 

austenitic structure at all temperatures from the cryogenic region to the melting point of the alloy. A typical 

composition of 18% chromium and 10% nickel, commonly known as 18/10 stainless, is often used in flatware. 18/0 

and 18/8 are also available. Following are brief descriptions of some of  most commonly Austenitic stainless steels: 
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Type 302 stainless steel is a general purpose material with greater corrosion resistance but less work hardening than 

Type 301.  This is the basic alloy of the austenitic group often referred to as 18:8.  Machinability - 40%.  Drawing or 

stamping - good. Welding - very good, tough welds. 

Type 304 stainless steel has lower carbon to minimize carbide precipitation.  It is less heat sensitive than other 18:8 

steels. Used in high-temperature applications. Machinability - 45%.  Drawing or stamping - very good.  Welding - 

very good, tough welds.  

Type 304L stainless steel has an extra low carbon content to avoid harmful carbide precipitation in welding 

applications.  Its corrosion resistance is comparable to type 304.  Machinability - 44%.  Drawing or stamping - very 

good.  Welding - very good, recommended for welding. 

Type 316 stainless steel contains molybdenum for better corrosion resistance - particularly to pitting.  Machinability 

- 45%. Drawing or stamping - good.  Welding - very good, tough welds. 

Type 316L stainless steel has a carbon content lower than 316 to avoid carbide precipitation in welding 

applications.  Machinability - 45%.  Drawing or stamping - good.  Welding - very good, recommended for welding. 

Ferritic  stainless steels generally have better engineering properties than austenitic grades, but have reduced 

corrosion resistance, due to the lower chromium and nickel content. They are also usually less expensive. They 

contain between 10.5% and 27% chromium and very little nickel, if any, but some types can contain lead. Most 

compositions include molybdenum; some, aluminum or titanium. Common ferritic grades include 18Cr-2Mo, 26Cr-

1Mo, 29Cr-4Mo, and 29Cr-4Mo-2Ni.  

Martensitic  stainless steels are not as corrosion-resistant as the other two classes but are extremely strong and 

tough, as well as highly machinable, and can be hardened by heat treatment. Martensitic stainless steel contains 

chromium (12–14%), molybdenum (0.2–1%), nickel (less than 2%), and carbon (about 0.1–1%) (giving it more 

hardness but making the material a bit more brittle). It is quenched and magnetic. 

Precipitation-hardening martensitic stainless steels have corrosion resistance comparable to austenitic varieties, 

but can be precipitation hardened to even higher strengths than the other martensitic grades. The most common, 17-

4PH, uses about 17% chromium and 4% nickel. 

Duplex stainless steels have a mixed microstructure of austenite and ferrite, the aim usually being to produce a 

50/50 mix, although in commercial alloys the ratio may be 40/60. Duplex stainless steels have roughly twice the 

strength compared to austenitic stainless steels and also improved resistance to localized corrosion, particularly 

pitting, crevice corrosion and stress corrosion cracking. They are characterized by high chromium (19–32%) and 

molybdenum (up to 5%) and lower nickel contents than austenitic stainless steels. Duplex grades are characterized 

into groups based on their alloy content and corrosion resistance. Lean duplex refers to grades such as UNS S32101 

(LDX 2101), S32304, and S32003. The standard duplex is 22% chromium with UNS S31803/S32205 known as 

2205 being the most widely used.  
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2.3 Sample Preparation 

Design of Experiment is a structured, organized method that is used to determine the relationship between 

the different factors (Xs) affecting a process and the output of that process (Y). Sir Ronald A. Fisher, the renowned 

mathematician and geneticist first developed this method in the 1920s and 1930. 

 

 
3. Final Equations In Terms Of Coded Factors 
 
 The final proposed mathematical model equations for bead height, bead width and hardness in terms of coded 

factors are given below: 

 Bead height = + 3.38 - 0.11 × A + 0.11 × B - 0.13 × C + 0.12 × D - 9.583E-003 × A2 +0.023 × B2 + 0.15 × C2 + 

0.095 × D2 + 0.075 × A × B - 0.049 × A × C + 0.017 × A × D + 0.071 × B × C 

 -0.025  × B × D + 0.019 × C × D ...............eq. (1) 

 

Bead width  = + 20.44 + 0.61 × A + 0.063 × B - 0.37 × C - 0.17 × D + 0.064 × A × B - 1.875E-003 × A × C - 0.25 
× A × D - 0.54 × B × C + 0.12 × B × D - 0.42 × C × D …………eq. (2)  

 

Hardness =  + 40.47 + 0.17 × A + 1.51 × B - 0.025 × C + 0.14 × D  ………………… eq. (3) 

 

Here A = voltage, B = current, C = travel speed, D = nozzle to plate distance and in coded form these parameters are 
varying from -2 to +2 levels. 

These mathematical model equations can be used to predict the effect of the parameters on the bead height, bead 

width and hardness. 

Neglecting the insignificant terms and taking only significant terms the equations becomes: 

 

Bead height = + 3.38 - 0.11 × A + 0.11 × B - 0.13 × C + 0.12 × D + 0.15 × C2 + 0.095 × D ……………………. 

Eq. (4)          

 

Bead width  = + 20.44 + 0.61 × A - 0.37 × C - 0.54 × B × C - 0.42 × C × D…………….Eq.(5) 

 

Hardness =  + 40.47 + 1.51 × B ……………… Eq(6) 
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 4. Results and Discussion 

The observations recorded are given in Table 1. The results of experiment provide insight into the effect of 

process parameters on the responses. The observed values of the response  as per the design matrix are shown in 

table 1. 

                          Table 1 Experimental Results of the Response Characteristics 

Std 

 

Run 

 

Factor 1 

Voltage 

(V)  

Factor 2 

Current 

(Amp) 

Factor 3 

Travel speed 
(m/hr.) 

Factor4 

Nozzle to plate 
distance (mm) 

Response1 

Bead width 
(mm) 

Response2 

Bead height 
(mm) 

Response3 

Hardness 

 C scale  

rockwell 

3 1 34 360 25.50 30 19.76 3.9 41 

13 2 34 350 26.50 34 18.96 3.8 40 

11 3 34 360 25.50 34 22.4 4.1 39 

4 4 36 360 25.50 30 22.53 3.85 44 

19 5 35 345 26.00 32 21.08 3.02 41 

18 6 37 355 26.00 32 22.6 2.98 41.5 

15 7 34 360 26.50 34 17.8 3.8 38 

6 8 36 350 26.50 30 21 2.88 41 

14 9 36 350 26.50 34 20.2 3.32 42 

25 10 35 355 26.00 32 20.4 3.4 41 

7 11 34 360 26.50 30 19.53 3.8 40 

20 12 35 365 26.00 32 20.58 3.5 41.5 

28 13 35 355 26.00 32 20.4 3.4 41 

12 14 36 360 25.50 34 21.4 4.01 41.8 

16 15 36 360 26.50 34 19.8 3.83 41 

1 16 34 350 25.50 30 19.03 3.88 40 

23 17 35 355 26.00 28 20.53 3.3 39 

10 18 36 350 25.50 34 20.26 3.83 41 

5 19 34 350 26.50 30 21 3.53 38 
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17 20 33 355 26.00 32 20 3.28 34 

24 21 35 355 26.00 36 20.82 3.8 43 

22 22 35 355 27.00 32 19.33 3.7 42 

29 23 35 355 26.00 32 20.4 3.4 41 

2 24 36 350 25.50 30 21.5 3.73 40 

21 25 35 355 25.00 32 20.08 3.8 40 

8 26 36 360 26.50 30 21 3.5 40.8 

26 27 35 355 26.00 32 20.4 3.4 41 

27 28 35 355 26.00 32 20.4 3.4 41 

9 29 34 350 25.50 34 19.76 4.16 38 

30 30 35 355 26.00 32 20.4 3.4 41 

 

 

5. Conclusion 

The following conclusion were arrived from the study of the effects of welding process parameters on weld bead 

geometry when bead-on-plate welds are deposited using SAW process. 
  

� RSM could be employed effectively in analyzing the effect of process parameters on response. 

� The open circuit voltage, current, travel speed and nozzle to plate distance are found to effect the bead 

height and bead width of the weld metal significantly. 

� An increase in voltage increases bead width but bead height decreases. 

� As current increases, bead width remains unaltered but bead height increases. 

� The values of weld bead width and weld bead height decrease with the increase in welding speed. 

� As the nozzle-to-plate distance increases, bead width decrease, but bead height increases. 

� The value of hardness increases with increase in current. 

� There is no significant change in the value of hardness with increase in voltage and travel speed. 
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