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Abstract: Using the welding assembly finite element software, 

PAM-ASSEMBLY, we performed a dynamic simulation of 

Q345D low alloy high strength steel deformation under 
different welding sequences. A post processing module was 

used to gain welding deformation nephograms at different 

times under different welding sequences. The welding 

sequence of program 5 reduced the welding deformation by 

11.95% compared to program 2, which suggests that 

reasonable arrangement and assemblage of welding 

sequence can effectively reduce welding deformation. The 

welding sequence of program 5 resulted in the smallest 
amount of welding deformation, which suggests that 

simultaneous welding during actual production is optimal. 

The results may serve as a guide for actual production and 

provide a reference to ultimately improve the weld-ability of 

Q345D low alloy high  strength steel. 

Keywords-PAM-ASSEMBLY; Q345; numerical simulation; 

welding sequence;  welding deformation. 

 

I. INTRODUCTION 

The welding process is a special electric arc heating and 

cooling process. During heating, the weld material and the 

material near the weld seam zone is compressed by 
thermal expansion, generating compressive plastic strain. 

During cooling, the material stretches because the 

surrounding area is cooler, rapidly reducing its 

temperature and generating tensile plastic strain. Because 
the tensile plastic strain cannot be completely offset by the 

compressive plastic strain, the structure will deform after 

welding, which will affect the normal assembly and use of 

the structure[1-3]. Thus, optimization of the welding 
sequence is crucial for control of welding deformation. 

The use of numerical techniques to simulate the welding 

process is not new and the increase in computing power 

has seen the size and complexity of the models increase. 
For large welded structures, welding process often 

involves multi-pass welding and multi-layer welding 

etc..The welding sequence of weld seam will have 

different effects on the quality of the welded structure[4-5]. 
Therefore, It is very significant for design integrality and 

the choice of manufacturing process and safety 

assessment to forecast deformation and residual stress of 

the welded structure with different welding sequence [6-7]. 
This study analysis welding sequence and welding 

deformation of thin-walled and multi-pass welding based 

on the welding assembly finite element simulation 

software of ESI Group, PAM-ASSEMBLY. Different 

welding sequences of a thin-walled structure of Q345D 

high-strength low-alloy steel (hereafter referred to as 
Q345D) were numerical simulated. This article describes 

the qualitative analysis and discussion of contra welding 

deformation using different programs in order to provide a 

reference for welding engineering. 
 

II. INTRODUCTION TO PAM-ASSEMBLY 

The welding assembly finite element simulation 

software, PAM-ASSEMBLY, can be highly automated 
completion of the welding assembly process simulation, 

allowing designers and manufacturers to quickly simulate 

thermal deformation due to welding. Users can optimize, 

compare, and ultimately select the optimal welding 
sequence and clamp tool[8-9]. This software uses the Local-

Global approach when simulating welding assembly. This 

approach is the most efficient method for large assembly 

design. In PAM-ASSEMBLY, the Local-Global approach 
provides a high-level and accurate manufacturing 

simulation without simplifing the welding physics. In 

addition, the software has a friendly user interface and 

uses computation time very efficiently, even for large 
assemblies. 

 

III. WELDING FINITE ELEMENT MODELING 

A. Model meshing. 

A visual-mesh is used to establish the finite element 

model and mesh, as shown in Fig .1. The dimensions of 
the model are 150mm×90mm×30mm and the thickness of 

the two steel plates is 0.8mm. Because the model is thin-

walled, shell elements may be used for 2D meshing. There 

are a total of 6526 grid cells. 

B. Plate material properties. 

In this paper, the material of the plate is Q345D low 
alloy high strength steel. During software simulation with 
PAM-ASSEMBLY, the material for simulation chooses 
steel S355J2G3(The German Steel grade). Steel S355J2G3 
according to European standards EN10025-2, working out 
by ECISS/TC10 ‘The level and quality of structural steel’ 
technical Committee. Steel S355J2G3 roughly equivalent 

to Q345D of GB， J2G3 means the heat treatment is 

normalizing, impact energy of -20℃  is 27J, G3 means 

deoxy method is FF.  
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Figure 1. Meshing of the finite element model 

 
As one kind of low alloy and high strength steel, the 

steel S355J2G3 is main steel material of car beams. In the 
welding process, welding deformation not only endanger 
the size tolerance, but also increase the groove gap, let the 
manufacturing much more difficulty. We need to take 
some additional procedures to make amends when 
problems arise, which increase production costs. Take 
reasonable welding technology can improve the 
distribution of residual stress state, it is important to 
improve the service life of the weld structure, the 
reasonable welding sequence is the key to make welding 
process. 

Because the thermo-physical and mechanical 
parameters of the material are a function of temperature, 
temperature plays an important role in the welding 
simulation and affects the accuracy of the results[10]. The 
performance parameters of Q345 that change with 
temperature include the elastic modulus E, the yield 
strength Rel, the thermal conductivity λ, the linear 
expansion coefficient αl,  and the specific heat c, as shown 
in Fig .2. 

 

 
Figure 2. The relationship between mechanical 

parameters and temperature of Q345[11] 
 

C. Constraint conditions. 

Eight nodes were defined as constraint points, as 

shown in Fig .3. The constraint conditions on points 1, 3, 5 
and 7 on P2, and points 2, 4, 6 and 8 on P1are shown in 

Table 1 

Shell elements collected in group P1 represent the 

lower stamped plate of the hat profile assembly. Groups 

CL2, CL4, CL6 and CL8 (each of them contains one single 

node) will be used for definition of mechanical boundary 
conditions for the lower plate P1. Shell elements collected 

in group P2 represent the upper plate of the hat profile 

assembly. Groups CL1, CL3, CL5 and CL7 (each of them 

contains one single node) will be used for definition of 
mechanical boundary conditions for the upper plate P2. 

 

 
Figure 3. Model of constraint positions 

 

Table 1  Constraint conditions 

position conditions 

CL2 UX UY UZ 

CL4 UY UZ 

CL6 UZ 

CL8 UZ 

CL1 UX UY UZ 

CL3 UY UZ 

CL5 UZ 

CL7 UZ 

 

IV. WELDING POSITION AND SEQUENCE PROGRAM 

A. Weld position and welding direction. 

The weld position is located in the lap joints of the cover 

and base frame, and there are a total of six welds, as shown 

in Fig .4. The blue arrows indicate directions of individual 

welding trajectories. To reduce the impact of the welding 
direction of the welding deformation, So try to make 

reasonable arrangements welding direction. In this article, 

the welding direction of welds 1, 2, and 4 is along the 

negative direction of the Y-axis, and the welding direction 
of welds 3, 5, and 6 is along the positive direction of the 

Y-axis. 

B. Welding sequence program. 

In this paper, the numerical simulation uses five 

different welding sequence programs. The specific 

programs are shown in Table 2. 
 

CL2 

CL4 

CL3 
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Figure 4. welding direction. 

 

Table 2 Welding sequence for different programs 

programs Welding sequence 

1 1—2—3—4—5—6 

2 1—4—2—5—3—6 

3 1—2—4—5—3—6 

4 1—2—4—5—6—3 

5 (1-4)—(2-5)—(3-6) 

 
 

V. THE SIMULATION RESULTS 

A. Welding deformation nephogram. 

After the welding programs 1, 2 and 5 shown in table 
2, the whole deformation results are shown in 

Fig .5(Magnification 8). 

 

 

 
 

 

 

 

 
Figure 5. Welding deformation nephograms of different 

welding programs in table 2 respectively. 

 

These results show that the largest welding 
deformation is at the top right corner of the model, while 

the smallest deformation occurs between weld 1 and 2. 

Because the other parts can freely expand and contract 

when welding weld 1 and 2, the welding deformation 
between weld 1 and 2 is smallest. As welding proceeds, 

heat and deformation will be conducted to the right end of 

the model. When the welds of the right end of model are 

finally welded, however, the other welds will have already 
cooled and cannot freely expand and contract. Therefore, 

the deformation is largest at the right end of the model. 

 

B. Analysis and discussion 

A cross-section of the network surface in Fig .4 can be 

taken to make a graph of the five programs’ predicted 
deformation of each node, as shown in Fig .5. 

Throughout the entire model, the maximum deformation 

is 0.793mm for program 1, 0.795mm for program 2, 0. 

792mm for program 3, 0.777mm for program 4, and 
0.700mm for program 5. 

In program 1, because welds 1, 2, and 3 are welded first ,  

welds 4, 5, and 6 are free to expand and contract. When the 

next three welds are welded, welds 1, 2, and 3 are cool and 
cannot freely expand and contract, leading to a greater 

amount of welding deformation. 

(a) 

(b) 

(e) 

(c) 

(d) 
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Program 2 uses the method of locally symmetric 

welding, in which the 1, 4 and 2, 6 weld directions are the 
same. This program results in the maximum amount of 

welding deformation because the final flexural 

deformation is partly superimposed. 

Program 3 and program 4 have different welding 
sequences for the last two welds. In program 3, weld 3 is 

welded before weld 6; in program 4, weld 6 is welded 

before weld 3. The overall symmetry of the weld 

sequences of these two programs can effectively offset a 
portion of the flexural deformation, resulting in a smaller 

amount of deformation than the first two programs. In 

program 4, the final weld is weld 3, which occurs after 

welding of weld 6 and offsets most of the previous flexural 
deformation. Therefore, program 4 performs better than 

program 3, as program 4 reduces the deformation relative 

to program 3 by (0.792 - 0.777) ÷ 0.792 × 100% = 1.89%. 

Program 5 uses two short symmetrical seams welded 
simultaneously, resulting in  the minimum welding 

deformation (0.700 mm), a reduction in deformation 

between the minimum and maximum of (0.795 - 0.700) ÷ 

0.795 × 100% = 11.95%. In this program, both sides of the 
symmetrical weld are welded at the same time. Thus, the 

weld’s expansion and contraction is isotropic and 

simultaneous causing reduced deformation because of the 

constraints on both sides of the weld while welding the 
first weld and after weld. However, this increases the 

degree of freedom of the welds, which causes post-weld 

free expansion along the welding direction. Therefore, the 

welding sequence causes a smaller welding deformation. 
 

 
Figure 5. Deformation graph of five programs in table 2 

for nodes on this cross-section 

 

VI. CONCLUSION 

The following two conclusions can be drawn based on 
the numerical simulation described in this article. 

1) In this article, program 5 reduced the welding 

deformation by 11.95% compared to program 2, which 

suggests that reasonable arrangements and assemblages of 
the welding sequence can effectively reduce the welding 

deformation. 

2) The welding sequence of program 5 resulted in the 

smallest amount of welding deformation (0.700mm), 
which suggests that simultaneous welding during actual 

production is optimal. 
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