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Abstract 
The shear wave seismic vibrator is an important equipment for oil and gas exploration. 
The baseplate teeth of the shear wave seismic vibrator is a welded component, the 
influence of welding residual stress generated during welding on fatigue life cannot be 
ignored. Therefore, a heat source model is established, numerical simulations of welding 
of the shear wave seismic vibrator baseplate are conducted to obtain the distribution 
laws of welding residual stress. 
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1. Introduction 

As an efficient, environmentally friendly, safe and low-cost geophysical exploration hotspot 
technology, the shear wave seismic vibrator can generate continuous transverse wave signals with 
controllable frequency and amplitude. Because transverse waves are high resolution, sensitive to the 
subsurface medium and can only propagate within solids, shear wave seismic vibrator have unique 
advantages in natural gas exploration. The shear wave seismic vibrator baseplate tooth is the key 
medium for coupling the vibrator to the earth. Under seismic excitation conditions, the baseplate teeth 
are subjected to both the crushing effect of the heavy load source vehicle body and the variable 
frequency alternating excitation forces from the vibrator. In particular, the welded parts of the 
baseplate teeth are affected by residual welding stresses and have complex stresses. As a result, 
unpredictable fatigue cracks and even fractures can occasionally occur in the weld position between 
the baseplate and the baseplate tooth. Effective prediction of the fatigue life of baseplate teeth under 
transverse wave exploration conditions is important for advance warning of transverse wave vibrators, 
pre-maintenance and reduction of accident rates on construction sites. However, the existing methods 
for predicting the life of transverse wave baseplate teeth do not consider the effect of residual welding 
stress on the stress in the weld area, and the prediction error is large. Therefore, this paper carries out 
research on Welding Residual Stress of Baseplate Teeth of the Shear Wave Seismic Vibrator. 

Studies [1] have shown that the presence of residual stresses in welding seriously affects the fatigue 
life of the structure and even leads to failure and damage of the welded structure. Fu et al [2] used a 
combination of finite element analysis and experimental verification to study the effects of welding 
sequence on the residual stress and deformation of T-joint welds. ChongYi Wei [3] used the welding 
residual stress field to study the residual stress release under cyclic loading in relation to the load 
magnitude, stress ratio and direction. Wang et al. [4] found that as the welding speed increases, the 
residual stress increases but does not give the specific law of the welding relationship with the residual 
stress. Qin Li et al [5] study welding speed and interlayer temperature on the impact of Q345 steel 
plate welding residual stress, by studying the trend of residual stress selected welding residual stress 
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minimum process parameters to optimize the welding process parameters. Existing studies also 
involve a series of welding residual process parameters such as welding sequence and interlayer 
temperature [6-9].  

In summary, domestic and foreign research on welding residual stress through numerical simulation 
predicts the distribution of welding residual stress. Numerical simulation method can accurately 
simulate welding residual stress greatly save test costs. Therefore, In this study, the numerical 
simulation method is used to study the residual stress distribution of the baseplate teeth of the shear 
wave seismic vibrator, which lays a theoretical foundation for the calculation of the fatigue life of the 
flat plate. 

2. Shear Wave Seismic Vibrator Welding Residual Stress Study 

2.1 Modeling of Welding Heat Sources 

The actual welding heat source is distributed in the spatial domain with certain regularity, and the 
different heat flow density distribution will produce changes in temperature gradients on the weld as 
well as on the baseplate teeth, which ultimately affects the distribution of the residual stress field of 
the material welded. Therefore, a specific heat source model analysis is required to simulate the 
complete heat source application process for the calculation of temperature and stress fields. Studies 
have shown [10] that the T-joint welding temperature field is symmetrically elliptically distributed 
on both sides of the vertical baseplate under the same heat input from the heat source. As a result, the 
temperature field formed in the weld during the welding of baseplate teeth is in high agreement with 
the double ellipsoidal heat source model proposed by Goldak et al [11]. The double ellipsoidal model 
is a body heat source consisting of two parts before and after. It has a complex heat flow density 
function, which can more accurately reflect the power density distribution of the welding arc. 
Therefore, the calculation results are more accurate. The heat source model for numerical simulation 
of welding produced before and after the ellipsoid model mathematical parameters expression as 
shown in Eq. (1). 
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Where ,f rq q  are the internal weld heat flow densities of the front and rear ellipsoidal heat source 

models respectively, W/mm2; , a , , cf ra b  are the double ellipsoidal heat source shape parameters 
respectively, the position of the shape is shown in Fig. 1;   is the welding speed, mm·s-1; t  is the 

welding time, s. Q  is the effective heat input in J/mm, the expressions are =Q UI ; I  is the 

welding current, A; U  is the arc voltage, V;   is welding thermal efficiency, 0.7~0.8; f rf f，  are 
the energy distribution coefficients of the total input power in the two parts before and after the melt 
pool respectively, which are related as follows. 
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Combine the site conditions with Eq. (1) to determine the welding heat source model parameters as 
shown in Table 1. 

 

Table 1. Welding heat source model parameters 

fq /(W  mm-3) fa /mm b/mm Q/W rq /(W  mm-3) ra /mm c/mm 
44 3 1.8 4004 36.7 4.5 2 

 

A double ellipsoidal heat source shape model based on the double ellipsoidal heat source model 
provided by SYSWELD is shown in Fig. 1. 

 

 
Fig. 1 Double ellipsoidal heat source shape model 

2.2 Welding Model Simplification and Meshing 

 
Fig. 2 Simplification and meshing of welding models 

 

Related studies have shown that the shape of the weld model has a small effect on residual stresses 
[12]. Therefore, under the condition of ensuring calculation accuracy, this paper simplifies the 
vibrator baseplate tooth welding model to a T-welding model. The established simplified three-
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dimensional model into the numerical analysis of welding software. Then use the hexahedron-based 
three-dimensional mesh for mesh division and simulation, and mesh independency study has been 
done as shown in Fig. 2. The temperature field was simulated using a double elliptical heat source 
model for metal active gas arc welding (MAG). The three welding processes of priming, filling and 
capping are used to complete the welding process. Welding process parameters are shown in Table 
2. 

 

Table 2. Welding process parameters 
Solder layer Number of weld passes Welding current /A Welding voltage /V Welding speed /(mm/s) 
Root weld 1 28 231 8 
Filler weld 1 27 235 6 
Cover weld 1 26 220 5 

2.3 Analysis of Welding Residual Stresses 

The weld residual Von Mises stress distribution cloud for baseplate teeth is shown in Fig 3. The 
welding residual stress is mainly concentrated in the weld area, and its maximum residual stress 
reaches 747.92MPa. At welds with stable welds, the yield strength is much higher than that of the 
base material of the workpiece. The cause for this is the isomeric transformation of the crystals and 
the phase change of the metal, resulting in a change of the material properties at the weld. 

 

 
Fig. 3 Weld residual stress field when cooling to room temperature 

 

From the cross-sectional XS of the flat tooth welding model: The stress distribution pattern in the five 
sections is similar. The overall weld residual stress distribution in the YZ plane is similar the circle 
with the center of the weld channel gradually spreading outward to reduce. The presence of maximum 
stress values at the root channel welds, all around 700 MPa, and larger values at filler welds, cover 
welds and their junctions. At the junction of root channel welding, filler welding and cover welding, 
due to the time difference between the layers of welding, the root weld has been cooled for a longer 
time when the filler and cover welding starts, and the deformation that occurs is relatively small, so 
the residual stress of welding at the junction is low. 

At the same time, in order to study the hazardous areas at the weld position, the residual weld stresses 
in each node along the welding direction of the weld were extracted from the nodes with the highest 
stresses in the root course, as shown in Fig. 4. 
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Fig. 4 Residual stress diagram for weld hazard points in all directions along the weld 

 

As can be seen from the chart above: in addition to the sudden change of stress in the arc initiation 
and arc termination stages, the residual stress of the welding in all directions at the weld is stable in 
the stable stage of welding at a distance of 70~680 mm from the welding point. The weld at the stable 
stage of the X-way welding residual stress is about 500MPa, Y-way and Z-way welding residual 
stress is about 129MPa. In the baseplate tooth welding at both ends for the fixed point, its baseplate 
deformation is small. However, in the middle section at 300~370mm from the starting point each unit 
has a large deformation in the welding process. Therefore, the fluctuations in residual stress occurring 
in this section of welding, the peak values of X, Y and Z directions are 528.5 MPa, 140 MPa and 132 
MPa, respectively. In the 0 ~ 70mm and 680 ~ 750mm welding arc stage and the closing arc stage of 
the temperature is higher than the welding steady state, welding in an unstable state welding heat 
source heat input is larger. So the temperature gradient is rapidly decreasing or increasing the law of 
change, the resulting thermal stress also underwent a radical change, resulting in a sharp increase and 
decrease in stress. Therefore, theoretical weld residual stresses at the workpiece weld are usually 
characterized by the weld residual stresses at the weld stabilization stage.  

3. Conclusion 

(1) This paper establishes a welding heat source model through the relationship between the welding 
heat flow density distribution and the shape parameters of the heat source model. Combined with the 
actual selection of a reasonable welding process, the use of numerical simulation to determine the 
welding residual stress analysis of the distribution law of welding residual stress.  

(2) The welding residual stress is mainly concentrated in the weld area, and the maximum residual 
stress of the weld is located at the root of the weld. In the entire weld, the welding residual stress at 
the dangerous point is more dominant in the X direction than in the Y and Z directions, and the overall 
fluctuation of the welding residual stress is smaller. 
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