Accepted Manuscript

Multi-variable measurements and optimization of GMAW parameters for API-
X42 steel alloy using a hybrid BPNN-PSO approach

M. Azadi Moghaddam, R. Golmazerji, F. Kolahan

PII: S0263-2241(16)30205-6

DOI: http://dx.doi.org/10.1016/j.measurement.2016.05.049
Reference: MEASUR 4065

To appear in: Measurement

Received Date: 20 July 2015

Revised Date: 10 March 2016

Accepted Date: 12 May 2016

Please cite this article as: M. Azadi Moghaddam, R. Golmazerji, F. Kolahan, Multi-variable measurements and
optimization of GMAW parameters for API-X42 steel alloy using a hybrid BPNN-PSO approach, Measurement
(2016), doi: http://dx.doi.org/10.1016/j.measurement.2016.05.049

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.measurement.2016.05.049
http://dx.doi.org/10.1016/j.measurement.2016.05.049

Multi-variable measurements and optimization of
GMAW parameters for API-X42 steel alloy using a
hybrid BPNN-PSO approach

M. Azadi Moghaddam? R. Golmazerji®, F. Kolahan® *

?Ph.D. Candidate, Ferdowsi University of Mashhad, Department of Mechanical Engineering, Mashhad, Iran
® Graduate Student, Ferdowsi University of Mashhad, Department of Mechanical Engineering, Mashhad, Iran
“ Associate Professor, Ferdowsi University of Mashhad, Department of Mechanical Engineering, Mashhad, Iran

Abstract This research addresses multi criteria modeling and optimization procedure for Gas Metal Arc Welding
(GMAW) process of API-X42 alloy. Experimental data needed for modeling are gathered as per Lss Taguchi matrix.
Model inputs include work piece groove angle as well as the five main. GMAW process parameters. The proposed
back propagation neural network (BPNN) simultaneously predicts weld bead geometry (WBG) and heat affected
zone (HAZ). Image processing technique along with Bridge-Cam and AWS gauges are used to take accurate
measurements of WBGs and HAZs. The adequacy of the developed BPNN is established through comparisons
against measured process outputs. Measurements indicate that the BPNN model simulates GMAW process with
average errors of 0.33% to 0.82%. Next, the BPNN model is implanted into a particle swarm optimization (PSO)
algorithm to simultaneously optimize HAZ and WBG characteristics. The hybrid BPNN-PSO determines process
parameters values and groove angle so as a desired WBG is achieved while HAZ is minimized. Verification tests
demonstrate that the proposed BPNN-PSO-is quite efficient for in multi-criteria modeling and optimization of
GMAW.

Keywords: Gas Metal Arc Welding (GMAW), Design of Experiments (DOE), Multi-criteria Optimization, Back
Propagation Neural Network (BPNN), Particle Swarm optimization (PSO).

1. Introduction

Nowadays, Gas Metal Arc Welding (GMAW) process is widely used in various industries including gas pipelines,
petrochemical plants, automotive and ship buildings. High productivity rate due to the continuous feed of wire
electrode, low weld discontinuity, no slag inclusion and low thermal hazard on base metal are the main merits of this
process [1].

In welding processes the quality of the joint is usually determined by such process quality measures as weld bead
geometry (WBG) and heat affected zone (HAZ) [2]. Weld bead geometry is a significant factor as it strongly affects
the mechanical properties of the joint [3]. Another key quality indicator of the joint is HAZ that determines the
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