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Based on the welding numerical simulation software Visual-environment, this paper calculates and analyzes the
residual stress field for the double pass welding of Q345 stacked plates. The paper mainly studies the influence of
different welding directions on the residual stress after welding. The results show that different welding methods
have little effect on the lateral residual stress, while the longitudinal residual stress and the initial and end of the
weld have a greater influence, while the post-weld residual stress distribution of the anisotropic two-pass weld is
more uniform.
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INTRODUCTION

Experiment process

During the welding process, due to the concentrated
energy of the welding heat source, the heat distribution
on the entire work piece during the welding process is
uneven, and the uneven heat distribution causes the
work piece stress to change [1-3]. The stress of welding
consists of the instantaneous stress generated during the
welding process and the residual stress after the complete cooling after welding, resulting in uneven distribution of the residual stress of the whole work piece
after welding, and the residual stress will affect the
working strength of the welded component to some extent [4-7]. In the two-pass welding of the plate, the same
direction welding and the anisotropic welding have different effects on the temperature field of the work piece
and the distribution of residual stress after welding [8].
Therefore, it is very important to grasp the different
welding directions of the plates for the residual stress
distribution after welding [9-11]. With the development
of simulation technology, the numerical simulation of
welding residual stress has become one of the main hotspots in the current research [12-15].
In this paper, the numerical simulation of the welding process of double-plate double-pass welding is carried out, and the simulation of double-pass welding is
simulated by using Visual-environment combined with
sysweld finite element software. Predict the residual
stress distribution after welding in the case of different
welding directions in the second pass, which provides a
theoretical basis for practical work.

In this paper, the model-meshing software visualmesh in visual-environment is used to establish the
model and mesh, and the pre-processing setting and calculation are performed by visual-weld. The calculation
model is set to two plates of 200 mm × 50 mm × 4 mm
by visual-mesh. The width of the stack is 5mm. The
welding seam above the plate 1 is the first welding
seam, and the welding seam under the plate 2 is the second, and the cross section is shown in Figure 1. The
meshing method adopts Topo adaptive meshing, and
linear mesh distribution is used in the horizontal direction of the two plates, so that the area mesh close to the
welding seam is denser and the calculation accuracy is
improved. The material of the plate and the weld is
Q345, and the composition is shown in Table 1.
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Table1 Chemical composition of Q345 steel/ wt, %
C
0,20

Mn
1,60

Si
0,55

S
0,035

P
0,035

Table 2 Experiment scheme

Case1
Case2

Amp/A

Vol / V

27
27

15
15

Line power Direction of
/ (J / mm)
2nd pass
288
-y
288
+y

50 mm
4
mm

Plate 2
Wire 2

5 mm

Wire 1
Plate 1
50 mm

Figure 1 Welding model
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Simulation results and analysis
Figure 2 (a) and (b) shows the final residual stress
distribution cloud map for two different cases. Through
observation, the residual stress distribution characteristics of the edge regions of the lower plates of different
schemes are similar. The residual stress difference between the two ends of the welding seam and the middle
position is large, especially at the beginning and end of
the first weld. The points of the point of the residual stress
maximum and the minimum value of the work piece are
close to each other on the plate, and the maximum worth
points are distributed in the middle of the weld, and the
minimum points are at the corners of the work piece. It
can be seen that different welding directions have a greater influence on the final residual stress distribution.
Figure 3 (a) and (b) shows the transverse (x - direction) residual stress distribution curves of the two plates
in both cases, with the selected position at the lateral

a)

b)
Figure 2 Residual stress distribution cloud diagram after
welding ends to room temperature in two cases.
(a) case1; (b) case2.
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The experimental scheme of this paper mainly considers the influence of the direction of the second welding on
the final residual stress distribution of the double pass
welding. Therefore, the direction of the second welding is
the main variable of the simulation experiment, and the
welding direction of the first pass is + y direction. The heat
source model in the simulation process adopts a double
ellipsoid model which is more in line with the actual welding conditions. The experimental scheme is shown in Table 2, and the speed of weld is 10mm/s.
The welding process during arcing involves the processes of heat conduction, convection, radiation, evaporation and melting and solidification, including many
complex physical and chemical metallurgical processes. Therefore, the following assumptions are made during the numerical simulation:
a) Assume that surface deformation does not change
heat transfer and mass transfer between the welding arc and the work piece;
b) Ignore the fuzzy area where the solid-liquid two
phases coexist in the molten pool.

wire1

0

500

10

20

1 - plate 1
2 - plate 2

wire2

30 40 50 60
Distance / mm

70

80

90

superimposed part

400
1

300

2

200
100
0

0

10

20

wire2
wire1
30 40 50 60 70
Ditance / mm

80

90

Figure 3 Lateral residual stress distribution in two cases

centerline of the plate. It can be seen from the comparison that the residual stress distribution of the anisotropic welding and the co-directional welding is substantially the same, and the residual stresses of the stacked
positions of the two plates are the highest and both are
close to the first weld, which is because the temperature
gradient is larger when the first pass of the welding heat
source passes, and the temperature gradient of the second pass is smaller than the first pass. The maximum
residual stress of the counter-welded plate 1 is 484,37
MPa, the plate 2 is 505,82 MPa, the co-welded plate 1
is 475,73 MPa, and the plate 2 is 506,44 MPa, what can
be seen that the two cases have little effect on the residual stress distribution at the lateral centerline position of the plate. At the same time, the residual stress of
the weld is closer to the residual stress in the stacking
area, and the residual stress in the heat-affected zone is
significantly higher than the edge of the weld, the residual stress at the edge of the heat-affected zone decreases first and then increases to the edge of the plate,
which is because the temperature change in the heat affected zone at 30 mm is more gradual than in other locations. It can be seen from the above that the difference
in the welding direction has little effect on the distribution of the lateral residual stress of the plate.
Figure 4 is the longitudinal (+ y - direction) residual
stress distribution curve of the heat affected zone of the
two plates in two cases, and the direction of the selection
is consistent with the welding direction of the pass. It can
be seen from the comparison that the residual stress is
basically the same in the middle of the plate. However,
there is a big gap between the initial and the arc end of the
welding, that is, the residual stress distribution after the
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