
Novateur Publication’s 

International Journal of Innovation in Engineering, Research and Technology [IJIERT] 

ICITDCEME’15 Conference Proceedings  

ISSN No - 2394-3696  

1 | P a g e  

 

 

FUZZY BASED PREDICTION OF ANGULAR DISTORTION OF GAS 

METAL ARC WELDED STRUCTURAL STEEL PLATES 
 

 

Lohate M.S 

Department of Mechanical Engineering, S.R.E.S. COE, Kopargaon, (MS), India 

 

Dr. Damale A.V 

Department of Mechanical Engineering, S.R.E.S. COE, Kopargaon, (MS), India * 

 

 

ABSTRACT 
 

Angular Distortion is a major problem and most discussed among the different types of distortion occurring in 

the welded joints. The main cause of angular distortion is non-uniform transverse shrinkage along the depth of 

welded plates. The angular distortion restriction may leads to high residual stresses, but can be reduced by 

providing initial angular distortion in negative direction. So for this the value i:e magnitude of angular distortion 

must be known. It is difficult to obtain a complete analytical solution to predict the angular distortion. 

In this paper the process parameters affecting the angular distortion are studied. The Fuzzy Logic is used for the 

prediction of angular distortion with the multipass Gas Metal Arc Welding (GMAW) process parameters. The 

effects of parameters were represented graphically and compared with the experimental results from the 

references. It was found that the results obtained from Fuzzy logic tool and by experimentation in references, 

have good agreement between them. 

 

INTRODUCTION 

 

A.GAS METAL ARC WELDING (GMAW) 
GMA Automated welding is currently one of the most popular welding methods, especially in a broad range of 

industrial environments such as deep penetration, smooth bead, low spatter, and high welding speed, areas of 

renewable energy. In GMA welding processes, due to rapid heating and cooling, the work piece undergoes an 

uneven expansion and contrast in all the directions heat source is created by an arc and maintained between a 

consumable electrode wire and work-piece. The weld is formed by melting and solidification of the filler 

material and base material. Inert gas is allowed to flow during the welding process to shield the weld metals from 

the surrounding atmosphere. Fig.1.The schematic representation of the Gas Metal Arc Welding Process 

As product design, to optimize a product, process design is also considerable. The product obtained after process 

must be at target in terms of value of geometry, size, tolerance etc. and should be acceptable. For this reason, a 

product which is not affected by uncontrolled parameters must be planned on, in process design. When these 

expectations mentioned to achieve standard production and continuous challenge are considered, the Importance 

of automation and automation in manufacturing processes come into existence. 

The CO2 gas shielded metal-arc welding is becoming increasingly popular in the fabrication of boilers, pressure 

vessels, ship’s hull, etc. The standard has been prepared as a guide to the industry, dealing with the theoretical 

and practical aspects of the process. Due to rapid heating and cooling in welding process distortion of welded 

plates takes place in different directions. Angular distortion is one of the major problems and most pronounced 

among different types of distortion in the butt welded plates. This angular distortion is mainly due to no uniform 

transverse shrinkage along the depth of the plates welded. Restriction of this distortion by restraint may lead to 

higher residual stresses. However, these can be reduced by providing initial angular distortion in the negative 

direction if the magnitude of angular distortion is known, however it is difficult to obtain a complete analytical 

solution to predict angular distortion that may be reliable over a wide range of processes, materials, and process 

control parameters so as to reduce the angular distortion in the welded plates. Prediction of the welding distortion 

of different materials and the welding joints in reasonable time is essential in the welding industry. 
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Fig 1Schematic Representation of Gas Metal Arc Welding Process (GMAW) 

 

B. WELDING PROCESS PARAMETERS 
 

The weld quality depends on a large extent on the bead geometry which is largely influenced by various process 

parameters in the process. Inadequacy of weld bead dimensions may lead to failure of the welded structure. As in 

the welding process rapid heating and cooling is done distortion of welded plate’s takes place in different 

directions. Angular distortion is one of the major problems and most pronounced among different types of 

distortion in the butt welded plates. The process Parameters which are responsible for the failure of weld or 

angular distortion are Voltage (V), Travel speed (S) and welding current (I), Wire feed rate (F), Gas Flow rate 

(G). 

Current Direct current electrode positive (DCEP) is the most used current in GMAW because it gives stable 

electric arc, low spatter, good weld bead geometry and the greatest penetration depth. The utilization of relatively 

low current can give insufficient penetration and excessive weld reinforcement. 

Voltage Arc voltage is directly related to current, as indicated above, and with arc length, increasing with it. 

Voltage also depends on the shielding gas and electrode extension. The increase of arc voltage widens and 

flattens the weld bead. Low voltages increase the weld reinforcement and excessively high voltages can cause 

arc instability, spatter, and porosity and even undercut 

Welding Speed Increase in the welding speed gives a decrease in the linear heat input to the work piece and the 

filler metal deposition rate per unit of length. The initial increase in welding speed can cause some increase in 

penetration depth, because the arc acts more directly in the parent material, but further increase in speed 

decreases penetration and can cause undercut, due to insufficient material to fill the cavity produced by the arc. 

As per the Indian Standards IS 10178 (1995): CO2 gas shielded metal arc welding of structural steels – 

Recommendations First’ Revision the Table I below shows the Typical Welding Conditions For Butt Joints in 

the Flat Position Automatic welding process. 

TABLE 1 

 

TYPICAL WELDING CONDITIONS FOR BUTT JOINTS IN THE FLAT POSITION 

(AUTOMATIC) 
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C. INTRODUCTION OF FUZZY 

 
Fuzzy is a logical system which is an extension of multi valued logic; it is the theory which relates to classes of 

objects with un-sharp boundaries in which membership is a matter of degree. Fuzzy rule or IF-Then rule plays a 

central role in all fuzzy logic applications. Calculus of fuzzy rules called fuzzy dependency & command 

language (FDCL) is effectively one of the principle constituents but not used explicitly in the toolbox. The trend 

that is growing in visibility relates to the use of fuzzy logic in combination with neuro compacting & genetic 

algorithm which is the soft computing process. Unlike the traditional and hard computing, soft computing 

process accommodates the imprecision of the real world. Soft computing plays an important role in the 

conception & design of the systems whose machine IQ is much higher than that of the system designed by the 

conventional method. Fuzzy logic is all about the relative importance of precision, how important is it to be 

exactly correct when a rough answer will do. Fuzzy logic is an emerging area of research because it does a good 

job of trading off between significance & precession. Fuzzy is something that humans have been managing for a 

very long time. 

Fuzzy logic is the convenient way for mapping of input space to the output space which is starting point of 

everything. Loti Zadeh who is said to be the father of Fuzzy logic states or said that; in almost every case you 

build the same product without fuzzy logic, but fuzzy is tool which is faster and cheaper. 

Fuzzy Logic is the simple to understand, the Mathematical concept which is used for the fuzzy reasoning is very 

simple. Fuzzy logic is a more intuitive approach without the reaching far complexity. It is flexible as, with any 

given system or systems it is easier to layer on more functionality without starting again from scratch. Fuzzy 

logic is said to be tolerant of imprecise data and also it is very powerful tool for dealing quickly and efficiently 

with imprecision and nonlinearity. 

Why Fuzzy Logic Now a day the trend is growing towards the soft computing instead of hard computing so as to 

reduce the cost of manufacturing .Fuzzy logic is a tool which is available in MATLAB toolbox. As stated in the 

previous study in the reference papers, Fuzzy is a logical system which is an extension of multi valued logic. 

Fuzzy rule or IF-Then rule plays a central role in all fuzzy logic applications. Fuzzy logic is all about the relative 

importance of precision, how important is it to be exactly correct when a rough answer will do. Fuzzy logic is a 

useful area of research because it does a good job of trading off between significance & precession. Fuzzy is 

something that humans have been managing for a very long time and also it is faster and cheaper. Fuzzy logic is 

simple to understand and is flexible to use also it is very powerful tool for dealing quickly and efficiently with 

imprecision and nonlinearity. 

 

D. APPLICATIONS OF FUZZY LOGIC 
 

Fuzzy Logic is a soft computing method which is very simple and flexible so it is been used in wide range of 

applications as, Coal Power Plant, Water Treatment Systems, 

AC Induction Motor, Fraud Detection, Customer Targeting, Quality Control, Nuclear Fusion, Truck Speed 

Limiter, Toasters, Photocopiers, Vacuum Cleaners, Credit Assessment, stock prognosis. Mortgage Application, 

Humidifiers, Domestic Goods - Washing Machines/Dryers, Microwave Ovens, Consumer Electronics – 

Television, Still and Video Cameras - Auto focus, Exposure and Anti-Shake. 

 

LITERATURE REVIEW 
 

A number of researchers have tried theoretically or experimentally the ways to predict the welding distortions 

and welding residual stresses. Some of them have also tried to predict the thermal and mechanical responses of 

welding structure in practice industrial production. 

Two dimensional non linear transient welding simulations with three dimensional structural analyses in a 

decoupled approach. Using two dimensional thermo mechanical welding process simulations for determining the 

temperature loading for a three dimensional structural model determine buckling distortion after welding in large 

and complex structures. The simplified FEM to simulate out of plane distortion caused by fusion butt welding; 

he replaced the thermal transient process to a simple two dimensional treatment and thermo elastic plastic 

process to a simple analytical algorithm. The welding distortion and residual stresses of a thin plate panel 

structure using FEA based on the inherent shrinkage method. 

Wang Rui et.al
[4]

 have made the prediction of welding distortion in bead on plate welding and fillet welding with 

Stainless steel using the three dimensional thermo elastic plastic finite element method using an in –house finite 
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element code of iterative substructure method .In addition to this he has also conducted the experiments to 

validate the predicted result. 

Dongcheol Kim and Sehun Rhee
[5]

 has state that stability of the welding parameters as welding arc is essential to 

get the good quality weld in CO2 welding process. Weld quality is dependent on arc stability and minimizing the 

effects of disturbances or changes in the operating condition commonly occurring during the welding process. In 

order to minimize these effects, a controller can be used. Fuzzy controller was used in order to stabilize the arc 

during CO2 welding. The control rules of the fuzzy controller were formed using the authors’ experience and 

knowledge of the welding process. The control parameters to be tuned were the membership functions. 

Therefore, the controller’s performance depended on the membership functions. The Taguchi parameter design, 

which makes the control performance insensitive to the operating condition changes and noise, was used to 

determine the membership functions. He found smaller the mita index value the more stable the arc became, the 

welding voltage which minimized the Mita index should be determined to find the welding voltage value online, 

which maintained the stable arc state or minimized the Mita index, the fuzzy controller was used. The L9 (3
4) 

orthogonal array was used in Fuzzy Logic tool box to validate the results obtained by the Taguchi method for the 

stabilization of arc in CO2 welding process. 

The fuzzy controller with the obtained optimal control parameter settings showed a satisfactory control 

performance under different welding conditions. M. Vural et.al [3]examine the effect of welding fixture used to 

prevent the distortions during cooling process utilizing a robot controlled gas metal arc welding method on 

cooling rate and distortions of welded structures. He tested six different types of AISI 1020 steel specimens 

using the specially designed welding fixture for the welded steel structure in three different welding speeds and 

two different cooling conditions either at fixture or without using fixture. Also he states that designed fixture is 

reduced amount of distortions. The preheating effect of previous weld on the next weld has increased distortions 

on the other side of part. Increase in distortions is directly proportional to the increase in welding speed which 

affects the weld heat input. 

V. Murugan et.al[1]studied the effects of the process parameters on the angular distortion, he states that ‘α’ 

decreases with the increase in‘t’ where ‘α’ is angular distortion and‘t’ is time between the successive passes. The 

angular distortion is more when t is shorter, because more bead width provides more contraction in the top of the 

bead. When t is longer, a larger amount of heat is lost by the plate and the temperature is lower compared to 

when t is shorter, so the amount of angular distortion is less. The angular distortion α increases with the increase 

in N. Generally, in an unrestrained joint, the degree of angular distortion is approximately proportional to the 

number of passes. The slope of the curve decreases with the increase in N. In multipass welds, previously 

deposited weld metal provides restraint, so the angular distortion per pass decreases as the weld is built up. 

Similarly the angular distortion a decreases with the increase in wire feed rate F.As the wire feed rate increases 

the welding speed has also to be increased to maintain the volume of material in the v groove of welded plates. 

 

 

FUZZY LOGIC TESTING 
 

The fuzzy Study is done using the data taken from the literature 
[1]

. A. Getting Started 

Structural steel plate (IS: 2062) specimens 300x150x25 mm were welded together. The edge preparation and 

welding sequence for different number of passes is shown in Fig. 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig3 Cross section of the well-meant for different number of passes  
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The angular distortion (α) is to be measured using sine bar principle with the help of a vernier height gauge. It 

requires a Dial Gauge, Sine Bar. Slip Gauges, Vernier Height Gauge Dial Gauge Stand and Surface Plate. The 

measurement of the plate is done before the welding process and the readings are recorded and again the 

readings are taken after the welding process is done by considering the designed values of the process 

parameters. The algebraic summation of the reading before and after the welding process is done which sows the 

difference in the reading; this difference is nothing but the deformation in the welded plate which is angular 

distortion. A plate with distortion is shown in Fig.4. 

 

 

 

 

 

 

 

 

 

 

 Fig 4Angular Distortion of the Specimen during Experiment  

 

B. PARAMETERS AND LIMITS 

 

As the main of the project is to study the process parameters and predict the angular distortion in the GMAW 

process by fuzzy logic, the readings recorded for the angular distortion whose limits were as shown in the Table 

II below. 

Considering the limits of the process parameters as defined above in the Table II the results obtained by the 

experimental testing done by [1] were recorded and displayed as shown in the Table III. The Table III shows the 

Design matrix and the observed values of angular distortion. 

As discussed in the previous topic the experimental results were obtained and the response of the same is 

recorded in the tabulated format in Table III which shows the designed matrix and the angular distortion for the 

respective matrix formed. 

The Dongcheol Kim and Sehun Rhee has used orthogonal array L9 (3
4
) in fuzzy logic tool box for controlling the 

arc stability in GMAW process. And he found that the results obtained were near about to the experimental 

results recorded, and also we can get the values of the outputs by varying the inputs parameters so as to know the 

optimum values of the process parameters. 

TABLE III 

 

DESIGN MATRIX AND OBSERVED VALUES OF ANGULAR DISTORTION 
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C. STEPS IN FUZZY LOGIC 

Step-1 

At the start of the fuzzy we have to prepare the range for the output angular distortion by considering the process 

parameters form the results recorded by the experimentation and categorized in the three steps Low, Medium 

and High, The Table IV shows the outputs i:e angular distortion range as high medium and low. 

 

 

 

 

 

 

 

 

 

 

 

Step-2 

 

Considering the above given ranges of the output angular distortion form the results recorded by the 

experimentation the rules were formed by using the orthogonal array and the results recorded as in Table III. 

The rules formed in the fuzzy logic toolbox are as shown in Fig 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5 Rules of Fuzzy Logic 
Step-3 

 

After the preparation of the rules in the fuzzy logic tool box these rules are viewed which shows the graphical 

representation of the rules developed as shown in the Fig 6 below. At the same time we can put the input values 

of all the input parameters and we get the output parameter values. The values obtained by the fuzzy toolbox are 

near about to the experimental value. We can also slide the red line so as to change the parameters and we get the 

output values of the same. 
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Fig.6 Graphical representation of Fuzzy Rules 
Step-4 

 

As per the fuzzy logic rules developed in the previous steps the toolbox shows the relation between the process 

parameters graphically which states the effects of the process parameters on the angular distortion of the GMAW 

welded structural steel plates. The Fig.7 below represents graphically the relation between the input and output 

parameters. 

 

 

 

 

 

 

 

 

 

 

 

Fig7 Relation between Time Gap and Angular Distortion 

 
The graph clearly shows that as the Time gap between the successive passes is less,The angular deformation in 

the GMAW plates is at higher rate and as the Time gap between the successive passes is increased the angular 

distortion goes on reducing. This means the Time between the successive passes and the angular distortion are 

inversely proportional to each other up to some extend and the angular distortion after a limit remains constant 

though the time gap is increased. 

Similarly the other parameter which is Number of passes the relation with angular distortion is shown in Fig 8 

 

 

 

 

 

 

Fig.8 Relation between Number of Passes and Angular Distortion 
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The graphical representation between the number of passes and the angular distortion shows that as the number 

of passes is less the angular distortion is less as the no of passes are increases i: e in the medium range the 

angular distortion is increases and as the no of passes increases more than the medium range the angular 

distortion also increases. 

As well the third parameter which is wire feed rate, the graph shown in the Fig.9 shows the relation between the 

wire feed rate and the angular distortion which shows as the wire feed rate goes on increasing the angular 

distortion goes on decreasing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.9 Relation between Wire Feed Rate and Angular Distortion 
 

 

COMPARISON OF RESULTS 
 

In the previous chapters we have studied the effects of the various process parameters on the angular distortion 

of the GMAW structural steel plates here the graphs plotted by the mathematical and experimental process and 

the graphs shown by the fuzzy logic toolbox are shown below which gives the clear idea about the effect of 

process parameters on the angular distortion of welded plates. 

 

Reference 

Fuzzy  

  

   

           Fig.10 Comparison Effect of Time Gap on Angular Distortion 
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Reference Fuzzy 

  

 11 Comparison of Effect of Number of passes on Angular Distortion 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Fuzzy 

Reference 

 

 

Fig 12 Comparison of Effect of Wire Feed Rate on Angular Distortion by Experimental and Fuzzy Logic. 

 

The results obtained by the Fuzzy logic toolbox in Matlab software is the validated with the reading from the 

literature review and then it is found that the results are nearly somewhat close to the reference values as that 

obtained by the Authors in previous study The Comparison of the Values by Fuzzy Logic and the experimental 

values from the literature review is tabularized below. 

TABLE V 

COMPARISON OF VALUES OF ANGULAR DISTORTION AND VALUES 

PREDICTED BY FUZZY LOGIC 
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The table above clearly shows that the values of angular distortion obtained by the fuzzy logic somewhat nearer to 

the earlier predicted values of angular distortion. 

 

CONCLUSION 
 

The conclusions below were arrived at from this investigation. The Fuzzy logic tool can be used for predicting 

the angular distortion of multipass welds. As per the results outcome by fuzzy logic and comparing it with the 

reference output, out of the three process variables selected for investigation, the number of passes (N) had a 

strong effect on angular distortion (α). The value of α is about 9.03deg when other parameters are at lower limits, 

and it is about 5.88 deg when other parameters are at higher levels. The increasing trend of the angular distortion 

with the increase in number of passes has to be considered carefully in practice to control angular distortion. The 

process parameters, namely, time between successive passes (t) and wire feed rate (f), have a negative effect on 

angular distortion. 
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