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Q345D high-quality low-carbon steel has been extensively employed in structures with stringent weld-
ing quality requirements. A multi-objective optimization of welding stress and deformation was
presented to design reasonable values of gas metal arc welding parameters and sequences of
Q345D T-joints. The optimized factors included continuous variables (welding current (I), welding
voltage (U) and welding speed (v)) and discrete variables (welding sequence (S) and welding direc-
tion (D)). The concepts of the pointer and stack in Visual Basic (VB) and the interpolation method
were introduced to optimize the variables. The optimization objectives included the different combina-
tions of the angular distortion and transverse welding stress along the transverse and longitudinal dis-
tributions. Based on the design of experiments (DOE) and the polynomial regression (PR) model,
the finite element (FE) results of the T-joint were used to establish the mathematical models. The
Pareto front and the compromise solutions were obtained by using a multi-objective particle swarm
optimization (MOPSQ) algorithm. The optimal results were validated by the corresponding results of
the FE method, and the error between the FE results and the two-objective results as well as that be-
tween the FE results and the three-objective optimization results were less than 17.2% and 21. 5%,
respectively. The influence and setting regularity of different factors were discussed according to the

compromise solutions.

1. Introduction

The welding material Q345D is a high-quality
low-carbon steel that has a relatively high research

11 and has been extensively em-

value in enterprises
ployed in structures with stringent welding quality
requirements for the manufacture of railway vehi-
cles'?®!, Many different models of Q345D have been
applied to study the phenomena and problems in the
welding process'*®’. Among these models, the T-joint
model is extensively applied due to its simple com-
position, distinct deformation mode and abundant
experimental resources!”*!,

The welding residual stress and deformation are
the most important concerns of a weldment among
many different research objectives in the gas metal
arc welding process™® . To control the residual stress
and deformation at a reasonable level, pre-weld
treatment, post-weld treatment and treatment dur-
ing the welding process were proposed'’. The pre-
weld treatment and treatment during the welding
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process enable a better control effect and a more ex-
tensive application. Studies have investigated the
pre-weld treatment. Jindal et al. "' attempted to op-
timize the following weld bead parameters, weld
bead form factor, dilution, microhardness and dif-
fusible hydrogen content, for the welding of struc-

2 optimized the weld-

tural pipe. Moradpour et al. '!
ing parameters in the submerged arc welding of API
X65 steel plates. Studies have also investigated vari-
ous treatments during the welding process. Jeong-
Ung and Gyu'™! investigated the effect of welding
sequence on fillet welding distortion and proposed a
new model of the joint rigidity method to determine
the welding sequence for minimum welding distor-
tion. Ji et al. " investigated the influence of differ-
ent welding sequences on welding quality and pres-
ented a suitable sequence. These investigations pro-
vided available welding parameters or sequences to
enhance the process of welded structures. However,
few studies have combined the pre-weld treatment and
treatment during the welding process to investigate
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their influences on welding stress and deformation.

Unexpected welding deformation and stress can be
controlled by the optimization of above-mentioned fac-
tors. The most frequently used optimization meth-
ods include the single-objective optimization design,
analysis of variance, and sensitivity analysis/'®!%,
Asadi and Goldak!'"! used a surrogate model to ob-
tain the minimum distortion in a pipe girth weld
with six subpasses. Voutchkov et al. '**) proposed a
surrogate model to reduce the computational ex-
pense of sequential combinatorial finite element
problems in a weld path planning problem. Kadivar
(9] utilized a genetic algorithm with a thermo-
mechanical model to determine the optimum weld-

ing sequence to reduce the residual stress in thin

et al.

plates. However, the welding deformation and stress
always have the opposite variation tendency. There-
fore, a multi-objective mathematical model must be
established to address this problem. Shojaeefard et
al. "**) used an artificial neural network model to un-
derstand the correlation between the welding pa-
rameters and peak temperature. Ajith et al. ') pres-
ented a multi-objective optimization of continuous
drive friction welding process parameters using a re-
sponse surface methodology with an intelligent opti-
mization algorithm. However, the discrete and con-
tinuous parameters were rarely combined as the op-
timization variables.

In this study, a finite element (FE) model of T-
joint with the material Q345D was established to in-

545

of experiments (DOE). The optimization mathe-
matical models were established based on the pro-
duction specification of the gas metal arc welding
process, and the influencing factors are the continuous
variables (welding current (I), welding voltage (U)
and welding speed (v)) and the discrete variables
(welding sequence (S) and welding direction (D)).
The multi-objective optimization method was used
based on a polynomial regression (PR) model and a
multi-objective particle swarm optimization (MOPSO)
algorithm to obtain the Pareto front and the optimal
compromise solutions.

2. Materials and Methods

2. 1. Material model

Material of the T-joint is Q345D, a high-quality
low-carbon steel that is prevalent in the manufac-
ture of railway vehicles. This material has a strong
representation and a relatively high reference value
for enterprises. The chemical composition of Q345D
is shown in Table 1. The temperature-dependent
thermal and mechanical properties of Q345D are
gained by the Springer Materials database and
shown in Fig. 1. The thermal and mechanical prop-
erties of the welding seam are equivalent to the
thermal and mechanical properties of the region far
from the welding seam.
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Fig. 1. Temperature-dependent thermal (a) and mechanical (b) properties of Q345D.

2. 2. Finite element modeling

2.2.1. Finite element modeling method

A T-joint model is composed of a web plate, a
flange plate and two welding seams. The FE model
of the T-joint is established for multi-objective opti-

mization of residual welding stress and deformation
in this study, which is shown in Fig. 2. The dimen-
sions of the web plate and flange plate are 100 mm X
150 mm X4 mm and 50 mm X150 mm X4 mm, re-
spectively. The region of the welding seam is com-
posed of a quarter circle with a radius of 4 mm. Many
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