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Modelling of MIG welding process using
statistical and numerical approaches

Farhad Kolahan® , Mehdi Heidari?
Department of Mechanical Engineering, Ferdowsi University of Mashhad, Iran
kolahan@um.ac.ir

Abstract

Metal Inert Gaz (MIG) welding is an important high quality permenenat joints making process in metalic parts.
Generally, in welding processes, weld bead geometry and weld quality are, in most parts, dependent on welding
parameters. The most imortant parameters in MIG are welding speed, voltage, wire feed rate, gas flow rate,
nozzel to plate distance and nozzel angel. The weld quality is usually measured in terms of weld bead geometry
that includes weld hight, width and peneteration. In this paper, based on experimental data, regression models
are developed, to estabelish the exact relationship between welding input parameters and output responces (bead
geometry). This models include first, second and third order and a polonominal regression functions. The best
fitted set of models is then selected by performing Analyis of Variance (ANOVA) procedure, with 99%
confidence level. The adequecies of selected models are evaluated using statistical analysis. The results show
that the proposed polynominal model is the best mathematical description of the actual MIG process. The
proposed models can be the basis for process parameter optimization or be used to predict the bead geometry for
any given set of input parameters.

Keywords: Regression modeling, MIG, Analysis of Variance, Process parameters, Weld Bead.
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MIG _
cm/min S -
+
v v -
+
m/min F -
+
Imn | G -
+
mm D -
+
Degree A -
+
(ANOVA)
, % )
SAS
Y=1(S,V,F,G,D,A) ()
()
BH = 8.43519-0.03762%S-0.14553%xV+0.163562xF-0.001x<A ()
BW = -6.43216-0.09500%S+0.55679%V+0.57391%F ()
BP =-0.67492-0.01551%5+0.09421xV+0.26709%F-0.01301 %A ()

(D) ( ) .
( ) : t (©)
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BH = 6.92828-0.16877%x5+0.09548xD+1.29787xF-0.07809%xA+ 0.00633%SV-0.00710%SF-

0.05646xFV+0.00818x%FA -0.00477xDG + 0.00093xAG ()
BW=-0.21339+0.57922x%S5-2.42645%xF-0.02711xSV+0.001xSA+ 0.17350xFV

+0.00442xVA -0.02186xFA -0.00078xAD ()
BP = 6.09573-0.56599%V+0.27777xD-0.00797*%SF+0.00043xSA+ 0.05278 xFV+

0.00663xVG+0.00248xVA-0.01096xAF-0.00965%DG - 0.00151xDA ()

%
SZ V2 F2 GZ D2 A2

BH =30.78664-0.89393x%S5-0.92097%V-0.41046xG+0.22633%D -0.1878xA+0.0310xSV+
0.03336xSF+0.01513xSG+0.00301xSA+ 0.00649844xVA+ 0.05909%GF -
0.0305%DF -0.00161xSVF -0.00024xSGD-0.00017%SVA-0.00158%SGF+

0.00055%SDF + 0.00024xSAF ()

BW = -28.65226+1.03222x5+1.52993xV-0.05815%5V-0.00087xDA+ 0.0025%SVF

+0.00017xSVA -0.00063xSAF ()

BP=1.459-0.48949xV+0.4132xD+0.0708xA-0.00295xDS+ 0.05336xVF+ 0.00663xVG+
0.00154xVA-0.01444xAF-0.00965xDG -0.00274xDA+ 0.00002xDAS ()

Sz, sz FZ, Gz, Dz, A2
SSV, VFF, DAA S3, V3, F3, G3, D3, A3

S, DA2SD ,A%F2S, GD®A, SVFG?

Yi=a,+ 2 2%+ > XXy + 200 X ap XXX + 2D > A XX XX, + :
DIDIDIPIPIE MR R T I I IPIPIP IR S
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BH =388.45826-14.44891xS-13.85714xV-24.2784xF-13.0299%G-5.35002xD- 4.1912x A+
0.42481xSV+ 0.93232xSF+ 0.65849%xSG+ 0.44084xSD+ 0.17433xSA+ 1.0372xVF+
0.41312xVG+ 0.23996xVD + 0.1354xVA- 0.396x<FD+ 0.221xFA+ 0.16040xGA+
0.11099%xDA-0.024xSVF- 0.0162xSGV- 0.01162xSVD- 0.00491xSVA-0.02426 < SFG-
0.01155%SFD- 0.0106xSFA- 0.02367xSGD -0.00856xSGA- 0.0074xSDA-
0.00717xVFA- 0.00445xVGA-0.0035%xVDA+ 0.08097%FGD - 0.00396xGDA+
0.00022xSVFA+ 0.00052xSVGD+ 0.00021xSVGA+ 0.000198xSVDA+
0.00035xSFGA+ 0.00037xSFDA+ 0.00042xSGDA- 0.00254xVFGD-
0.00012xVFGA+ 0.00009xVGDA- 0.00046xFGDA+ 0.00004xSVFGD-
0.000005%SVFDA-0.00001xSVGDA- 0.00002xSGFDA+ 0.00002xSVFGDA

()
BP = -36.29584+ 1.87285xS+ 120.43306%F- 43.54554xG+ 2.70394xD+ 0.62484xA-

0.11757%SV- 2.93249xSF+ 1.01665xSG- 0.02373xSA-4.22601xVF+ 1.7363124xVG-
6.59361xFD- 1.43489xFA+ 2.35956XGD+ 0.44784xGA-0.04345x% DA+
0.11379xSVF- 0.03647xSGV~+0.00289xSVD+ 0.00086xSVA+0.1441xSFD+
0.03544xSFA-0.0556xSGD- 0.01125%SGA- 0.02184xFGV+ 0.2291xFDV+
0.04921xFAV- 0.09679xGDV- 0.01868xGAV+ 0.00994xFGA+ 0.07933x%FDA-
0.02361xGDA- 0.00567xSFDV- 0.00128xSFAV+ 0.00199xSGDV+ 0.00044xSGAV-
0.000176xSGFA- 0.00174xSFDA+ 0.000615xSGDA+ 0.00159xFGDV-
0.00268xFDAV+ 0.00102xGDAV-0.00068x FGDA+ 0.00006xSVFDA-
0.000024%SGVDA+0.00001xSVFGDA ()

BW = -57.55919+13.37874xS-27.33179%xD+7.67282xA-0.40765%SV-1.81468 % SF-
0.19305%SG-0.35409%SA+0.12642xVG+1.10498%VD- 0.2492xVA+4.01403721%FD-
0.65349xFA+ 1.02991xGD-0.18370%xGA-0.15919xDA+0.05428xSVF+
0.01199%SAV+0.03082xSFG+0.03824xSFA+ 0.00774xSGA+ 0.01325xSDA-
0.14148xDVF+0.02265%AVF-0.04035xDVG+ 0.00563%<VGA +0.00457xVDA-
0.14566xFGD-0.00123xSAVF-0.00022xSVDA-0.000327*xSAFG-0.001206<SDAF-
0.000325xSGDA+ 0.00472xDVFG+ 0.00143xDAFG-0.000007xSDVFG+
0.00004xSDAVF+ 0.00001xSDAVG- 0.00004xDAVFG ()
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