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ABSTRACT: Hardfacing operation is required in dual plate check valve manufacturing to create proper metal to metal
seal. Metal Inert Gas (MIG) Welding process has been used for hardfacing. Welding input parameters plays a vital role
for determining the weld quality. In hardfacing process weld bead geometry plays significant role. This paper shows
the effect MIG welding process parameters on weld height. The input parameters taken under investigation are welding
current, welding speed and gas flow rate. To predict Weld Height Fuzzy Logic based model is prepared using fuzzy
expert rules, triangular membership function and centroid area method for defuzzyfication process using MATLAB
fuzzy logic tool box. An attempt is made to relate statistical technique and computational technique to model the
predicted response. The results obtained by Fuzzy, ANN and Regression are compared with experimental data to
identify the best modelling technique among them.
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I. INTRODUCTION

MIG welding is a welding process in which an electric arc forms between a consumable wire electrode and the work
piece metal, which heats the work piece metal, causing them to melt and join. The arc is shielded from the atmosphere
by a shielding gas. The MIG welding process variables mainly affect the geometry of the weld bead such as the
penetration, bead reinforcement, bead width and the deposition rate as shown in fig. 1. The various parameters of
MIG welding process are Welding Current, Travel Speed, Type of Shielding Gas, Wire Electrode Size, Welding
Voltage, Electrode Extension, Weld Joint Position, Electrode Angle and Shielding Gas flow rate [1,2].
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Fig 1. (a) MIG welding process diagram; (b) Weld bead geometry.

Fuzzy logic based model was Developed to predict weld width for a case study of hardfacing process of dual plate
check valve manufacturing [7]. Effect MIG welding process parameter on weld height was studied for hardfacing
operation and advanced ANN and regression models to predict weld height in situation of input parameters and
associated with experimental data[6]. Various modelling techniques was experimentally communicated for prediction
of weld width in MIG welding for dual plate check valve [8]. Experimental analysis and prediction of kerfwidth in
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laser cutting of glass fibre reinforced plastic composite material has been done and Regression as well as ANN
models were developed [8]. Regression, ANN and Fuzzy models to predict kerfwidth in laser cutting of glass fibre
reinforced plastic composite material was developed [10]. They found the accuracy of models for prediction of
kerfwidth more than 95 %. Effects of input parameters on Material Removal Rate in Flashing Operation has been
studied [11]. Fuzzy Logic based model has developed to predict MRR in flashing operation [12]. Defects in
hardfacing operation for dual plate check valve manufacturing was studied [13]. Effect of various flashing parameters
on Spread was studied [14]. As investigated the microstructure and properties of hardfacing coatings produced using
SAW [15]. Parametric effect on hardfacing operation on Mild Steel have been studied [17]. Wear characteristics of
hardfacing alloy have been studied [18].

Il. MATERIALS AND METHODS

WCB material is the most widely used in valve manufacturing so the specimens of WCB as a base metal were taken
for experimentation having the size of 200 mm X 100 mm X 10 mm. The lay of welding on the surface guides the
weld bead geometry. Weld bead samples are cut after each weld bead at 15mm rests. The transverse face of the
samples are surface-ground and the specimens are further polished by velvet cloth in a polishing machine. The
polished specimens once cleaning with alcohol are macro-etched using 2 % Nital (98 % nitric acid + 2 % alcohol)
solution to expose the geometry of the weld bead [5].For experimentation the input parameters were welding current,
welding speed and gas flow rate and the response was weld Height.

I1l. EXPERIMENTATION
Table 1 indicates the levels of factor with respect to various treatment combinations according to design of

experiments [6] and Table 2 indicates responses. According to recorded data Fuzzy Logic based model has been
developed.

Table 1
Factors fca:‘ gtdc?r(i Low Level (-) High Level (+)
Welding Current (Amp) A 150 250
Welding speed ( mm/min) B 50 60
Gas Flow Rate (LPM) C 8 16
Table 2
Treatment Coded Factors Weld Height
Combination A B c Replicate 1 | Replicate 2 Tou!
1 - - - 3.1 3.3 6.4
a + - - 35 3.9 7.4
b - + - 24 2.1 45
ab + + - 3.1 25 5.6
c - - + 3.0 3.1 6.1
ac + - + 33 3.7 7.0
bc - + + 3.2 3.2 6.4
abc + + + 33 35 6.8
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IV.FUZZY LOGIC MODEL

Fuzzy Logic (FL) is a common element of Expert System with an increasing rate of interest and widely used over the
past few years due to its successful applications in many control and prediction systems. It suits very well in defining
the relationship between inputs and desired outputs of a system, where its extra ordinary controlling and reasoning
capability made its way to the application of many complex industrial systems. Fuzzy system consists few inputs,
output(s), set of predefined rules and a defuzzification method with respect to the selected fuzzy inference system [7,
10].

Fuzzy logic is one of the soft computing techniques that play a foremost role in input-output matrix association
modelling. Fuzzy logic is chosen to calculate weld height based on the input variables due to nonlinear circumstance
in welding process [3]. Fig. 2 shows the structure of fuzzy system in which the welding current, welding speed and
gas flow rate are input parameters and weld height as response. Fuzzy logic system involves of fuzzyfication, fuzzy
rule, interference mechanism and defuzzyfication as shown in Fig. 3 [4].
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Fig 2 Structure of Fuzzy System

Triangular-shaped built-in membership function is engaged to describe the fuzzy sets for input variables and also for
response. Fig. 3(a), 3(b) and 3(c) shows membership functions for input variable (Welding current, welding Speed
and Gas Flow rate) and fig. 3(d) shows membership functions for response (Weld Height).
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If (Welding_ Current is Low) and (Welding__ Speed is Low) and (Gas__ Flow__ Rate is Low) then (Weld__ Height is M) (1) ~
If (Welding_ Currert is high) and (Welding__Speed is Low) and (Gas__Flow__ Rate is Low) then (Weld__Height is “H) {1)

If (Welding__Currert is Low) and (Welding__Speed is High) and {(Gas__Flow__Rate is Low) then (Weld__Height is VL) {1)

If (Welding__ Currert is high) and (Welding__Speed is High) and {Gas__Flow__Rate is Low) then {Weld__Height is L) (1)

If (Welding__Currert is Low) and (Welding__Speed is Low) and {Gas__Flow __Rate is High) then (Weld___Height is VL) {1)

If (Welding__ Currert is high) and (Welding__Speed is Low) and (Gas__Flow__Rate is High) then {Weld__Height is WH) (1)

I (Welding__Current is Low) and (Welding__Speed is High) and (Gas__Flow__Rate is High) then (Weld__Height is L) (1)

I (Welding__Current is high) and (Welding__Speed is High) and {Gas__Flow__Rate is High) then (Weld__Height is H) (1)
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Fig. 3 Membership Functions and Fuzzy Rules
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Fig. 4 Fuzzy Surfaces Plots and Prediction plot

The relation between Input and output parameters were employed in form of fuzzy rules. Total 8 fuzzy rules were
created on the basis of actual experimental results recorded according possible combination of input parameter levels.
The created fuzzy rules are shown in fig. 3e.

Defuzzyfication is the transformation of the fuzzy quantity to real value, just as fuzzyfication is the conversion of a
real value to a fuzzy quantity. In this model, centroid of area (COA) defuzzyfication method is recycled due to its
wide approval and ability in giving more precise result compared to other methods [8]. Fig. 4 (a), 4(b) and 4(c) shows
fuzzy surfaces between the welding current, welding speed, gas flow rate and weld height. Fig. 4(e) shows the
prediction of Weld Height at all parameters at high level.

V. RESULTS AND DISCUSSION
Table 3 shows the experimental and predicted results using fuzzy logic, 2° replication method and ANN modelling

techniques and fig. 5 shows the comparison. Here results of 2° replication and ANN model were taken from the
previous research paper of same authors [6] for comparison and validation of different models.
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Table 3
Treat_mept Experimental | 2° Replication | Fuzzy | ANN
Combination
1 3.2 2.923 33 3.199
a 3.7 3.573 39 | 3.681
b 2.25 2.528 243 | 2.302
ab 2.8 2.928 3.17 | 2.642
c 3.05 2.923 29 | 3.052
ac 35 3.223 3.83 | 3.501
bc 3.2 3.328 3.17 | 3.195
abc 34 3.678 3.57 3.46
Comparision of Results
b= 5 &
.q"’_f 3
T 2 ‘
= 1.5 |
[ 1 ‘ ‘
=2 0.5 ‘
1 a b ab C ac bc abc

B Experimental 3.2 3.7 2.25 2.8 3.05 35 32 3.4

W 273 Replication| 2.923 | 3.573  2.528  2.928 2.923 3.223|3.328 3.678
Fuzzy 33 39 | 243 317 29 | 383 317 357
ANN 3.199 3681 2302 2642 3.052|3501 3.195 346

Treatment Combination

B Experimental m 273 Replication Fuzzy ANN

Fig. 5 Comparision of Results

VI. CONCLUSION

Here a fuzzy logic based model to predict weld height in MIG welding operation has been developed. The predicted
values and experimental results were shown in table 3. Here the average percentage error in predicted results by 23,
Fuzzy Logic and ANN are 7.38%, 6.25% and 1.31%. After comparing the simulated data with experimental data, the
ANN model shows better agreement for predicting Weld Height for the given range of input parameters. This result
indicates that the developed model can be used in future to predict weld height within the range of input parameters.In
future other modelling techniques like ANFIS and Genetic Algorithm can be used to check the validity of different
models.
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