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Abstract: As a common metal connection method, welding is widely used in machinery 

manufacturing, petrochemical and other industries. The unevenness of the weld as a whole 

material is often subject to the risk of failure or even fracture damage under the influence of 

external load or internal defects. The mechanical properties of the entire welded joint are not 

only determined by the welding process and the welding material during the welding process. 

The residual stress existing inside the welded joint is also one of the important factors affecting 

the entire welded joint. Therefore, studying the microstructure and residual stress of welded 

joints provides a technical basis for providing technically basic welded joints for optimizing 

welded joints. 
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1. Background basis 

Adsorber is an important equipment in the refining and chemical industries. Whether 

chemical equipment can operate safely decides safety production in enterpris and the 

human life. Fatigue, corrosion and other failure phenomena are more common hazards 

in the damage of the adsorber, often leading to direct economic losses, even major 

accidents and serious pollution. Weld seams are a common way to link pressure vessel 

plates. The unevenness of the weld structure as the substrate is highly prone to cracks 

or defects caused by fatigue or corrosion. The Petroleum Institute, theChemical 

Industry Society and the  Society for Corrosion and Protection in China have shown 

that in the past few years, the losses caused by corrosion in China's petrochemical 

industry accounted for about 6% of the gross national product. At the same time, the 

investigation shows that in the case of timely use of protective measures, the damage 

caused by corrosion can be recovered to some extent （about 30%-40%）. According 
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to the US Pipeline Conference and pressure vessel statistics, more than 75% of the 

damage of pressure vessels is caused by fatigue damage, which is the main failure 

mode of pressure vessels. Therefore, increasing research on the organization and 

protection of stainless steel welds is of great significance to the petrochemical industry 

and will bring considerable practical economic benefits. 

 

2. Research significance 

316L stainless steel is a common austenitic stainless steel, and as ultra-low carbon 

stainless steel, it has good resistance to intergranular corrosion, while compared to 

316 stainless steel,316L contains 2% to 3% molybdenum which greatly improves the 

corrosion resistance of salts, acids and alkalis. Therefore, 316L stainless steel is widely 

used in sulfuric acid, urea, petrochemical and other industries. For example, pipelines 

in oil transportation can generally be hundreds of kilometers, oil as a crude oil directly 

mined from underground contains a large amount of inorganc salts, and during 

transportation. In the long-term, the pipeline is in the process of complex 

environmental changes, and it is easy to produce various corrosion aging problems. 

As the weak link of the whole chemical equipment, the weld is also the high-incidence 

part of corrosion failure. 

Welding stress is a kind of internal stress widely existing in welded structures. Its 

generation and existence are related to the time of welding process. According to the 

action time of welding stress can be divided into two types, the former is transient 

welding stress, the latter is welding residual stress after welding. Instantaneous stress 

is transient and changeable, which is affected by welding heat source, weld pool 

change and base metal properties due to the liquid-solid transformation of weld seam 

during welding. The welding residual stress is due to the residual stress in the welded 

structure after welding. The forming mechanism of the welded joint is that the welded 

joint will be affected by the law of thermal expansion and contraction on the one hand 

and produce plastic deformation under certain boundary constraints and from high 

temperature cooling to low temperature, on the other hand, a large number of phase 

transformation and heat exchange occur during the liquid phase cooling of the welded 

joint into solid. Both of them interact with each other and reach a transient equilibrium 

in the microstructure after cooling. The residual stress in the weld is residual stress. 

Corresponding to the definition of welding transient stress and welding residual stress, 

the corresponding deformation during welding process is called welding transient 

stress deformation or welding residual stress deformation. The existence of welding 

stress or deformation has a great influence on the homogeneous properties of general 

mechanical structure, so the weld as a singularity of homogeneous material will have 

a certain impact on the bearing capacity and life of the whole mechanical structure. 
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Based on the corresponding theoretical basis and practical engineering applications, 

the research of welding stress has been of great significance and more obvious 

concern. 

The distribution of welding stress in the whole welding structure is very uneven, which 

is mainly due to the uneven heat input of the whole welding structure caused by the 

heat input of the welding seam. The deformation size of the same material under the 

condition of thermal expansion and cold contraction is corresponding to the change of 

heat. As the standard austenitic stainless steel, 316L has obvious characteristics of 

slow thermal conductivity and large linear expansion coefficient. Therefore, the 

phenomenon of uneven heat input in the corresponding welding structure will be more 

obvious, and there will be a large temperature gradient difference in the welding 

process. And the heat input in the weld center is large, and if there is multiway welding, 

there will be obvious thermal cycle. As a result, the weld zone is periodically heated 

and cooled, while the base metal zone far away from the weld zone will be delayed in 

heating and cooling, which will hinder the expansion and contraction of the weld zone. 

Therefore, in the process of welding heating and cooling, the non-uniform welding 

stress of the welding structure interacts with each other, and a certain amount of 

plastic deformation occurs in the whole welding structure, so as to achieve a certain 

steady-state equilibrium, that is, there is a part of the internal stress and stress 

deformation at the same time. When this steady state exists in the welded structure 

after welding, the internal stress of the welded structure is the residual stress. 

 

3. The current status of research on welding residual stress 

Welding stress is an internal stress that is widely present in welded structures, the 

generation and presence of which are all related to the time during the welding process. 

According to the action time of the welding stress, it can be divided into two types. 

The former is the welding transient stress under transient conditions, and the latter is 

the welding residual stress which occurs after the welding is completed. The transient 

stress has transientity and variability. The welding heat source, the change of the 

molten pool and the performance of the base metal during the welding process are 

greatly changed due to the liquid-solid transformation of the weld site during the 

welding process. While the welding residual stress is generated by the residual stress 

inside the welded structure after the welding is completed. The formation mechanism 

is that  on the one hand，under the condition that the welded joint is restrained at a 

certain boundary and cooled from high temperature to low temperature, the welded 

joint is affected by the thermal expansion and contraction law on the one hand to 

cause plastic deformation, and on the other hand,  a large number of phase change 

processes and heat exchanges occur during the solid process that liquid phase of the 
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welded joint is cooled to solid . The two factor interact with each other and reach a 

transient equilibrium inside the tissue after the welded joint is cooled, at which time 

the stress remaining in the weld tissue is the residual stress. 

Computer simulation technology has been widely used in welding residual stress. The 

results of simulated residual stress and its distribution form have been the focus of 

research at home and abroad. The research mode of welding residual stress is 

generally confirmed by numerical simulation and experimental measurement. Based 

on the relevant formula software, the corresponding welding structure is modeled and 

the welding process is simulated. Calculate the corresponding residual stress. Then, 

the corresponding welding structure is experimentally measured to obtain the 

corresponding true residual stress value. 

The size of the welded structure is not limited to a single size, so the corresponding 

measurement method should also cope with the corresponding size, and in the weld 

position of some large structures, the measurement of the welding residual stress can 

not meet the corresponding technical requirements. Therefore, the similarity 

relationship can be used to scale down the existing welded structure model, that is, 

to establish a corresponding reduction model. The welding experiment is carried out 

using the model, and the welding stress of the corresponding original structure is 

calculated according to the test result of the experimental model. 

The future development trend of residual stress measurement technology is that the 

drilling method is limited by the destructiveness of the components. The X-ray 

diffraction method is the representative of the stress measurement by the non-

destructive method, but the equipment is expensive and the surface requirements of 

the workpiece to be tested are required. Engraved, so in the future, some new 

methods are still not mature, and the combination of numerical simulation technology 

and actual measurement technology is still the dominant method in the field of residual 

stress measurement. 

At present, the main methods of welding are: thermal elastoplastic analysis, 

viscoelastic analysis, phase transformation and thermal stress coupling. Among them, 

the thermoelastic-plastic analysis method has been studied as a mainstream method 

by domestic and foreign scholars. Thermoelasticity mechanics can achieve more 

accurate simulation of thermal strain dynamics in the corresponding welding 

simulation, which is close to the experimental values and has been widely used in 

related finite element software. In the welding process, a large amount of energy and 

physical state transformation will occur. Therefore, the corresponding material 

properties and geometric deformation will change nonlinearly. Therefore, the 

conventional linear steady-state calculation cannot be applied to the study of welding 

residual stress, and the corresponding incremental calculation and transient analysis 
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are used in the welding process. The corresponding elastoplastic mechanical 

calculation formula is used to analyze the welding process transiently, so as to obtain 

more accurate simulation results. 

Professor Rosenthal first studied the welding heat transfer theory and its equations in 

the welding process in the middle of the 20th century, and proposed the corresponding 

heat transfer equation of the welding heat source. Academician Rekalin of the former 

Soviet Union established the corresponding theory of welding heat transfer with 

reference to the corresponding theoretical basis. S.W.Wen studied the welding process 

in thick plate submerged arc welding, and used the finite element software ABAQUS 

to numerically simulate the temperature field and stress field in the welding process. 

Japanese scholar Ueda Ueda simulated the welding temperature field of multi-pass 

welding of thick plate Dakoukou and successfully calculated the distribution of residual 

stress. Vaidyanathan is responsible for the residual stress distribution of the 

circumferential welds common to thin-walled pipes, and the simulation of the residual 

stresses in the circumferential and axial directions using relevant software. Because of 

the theoretical basis of the plate and shell theory, there are certain limitations. Lars-

Erik Lindgren and L Karllsson respectively carried out simulation analysis on the 

residual stress distribution of butt plate welding and 3D plate and shell welding, and 

the latter proposed corresponding improvement prevention for welding cracks. 

The corresponding domestic scholars also have some research on the welding residual 

stress. Dong Junhui uses ADINAD's nonlinear analysis program to carry out finite 

element simulation of the pipe ring weld based on the premise of material properties, 

and proves the finite element method with the corresponding experiment. Reliability. 

Lu Anli and Shi Qingyu proposed a method of adaptive mesh optimization for the 

problem of large computational time and long time in the welding equation process, 

which reduced the corresponding simulation calculation . Reduced the corresponding 

calculation time. Wang Jianhua et al. used the inherent strain method to analyze the 

residual stress and deformation of the weld, and verified that the inherent strain 

method is an effective method for predicting the deformation of large structures due 

to the corresponding actual case. Cai Zhipeng et al. applied the range of similarity 

criteria for welding temperature field, combined with the sub-analytic method and 

equation analysis method, and gave conclusions for the phase transition problem in 

welding . 

In general, domestic research on this aspect is later than in foreign countries. In the 

1980s, research work on numerical simulation of welding was started. Zhang Jinzhou 

et al. used SYSWELD software to simulate the residual stress of the 16MnR butt 

welding head, and the distribution of transverse stress and longitudinal stress. Xue 

Xiaolong et al. used multi-pass intermittent welding technology to optimize the 
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residual stress of welded joints, and used finite element simulation to simulate and 

compare with the residual stress results of continuous welding, which proved that the 

results are not much different . 

Chen Luyang et al. used the “life and death cell” technique to study the welding stress 

distribution in multi-channel thick-walled welded structures, and qualitatively analyzed 

the influence of welding times in the welding process. Zhang et al. numerically 

simulated the single-sided welding process of the pressure vessel cylinder and the flat 

head, and obtained the corresponding residual stress distribution of the weld. 

Corresponding to the definition of welding transient stress and welding residual stress, 

the corresponding deformation deformation occurring during the welding process is 

called welding transient stress deformation or welding residual stress deformation. 

The existence of welding stress or deformation has a great influence on the 

homogeneity of the general mechanical structure. Therefore, as a uniform material , 

welded joint will have an impact on the bearing and life of the entire mechanical 

structure. Based on the corresponding theoretical basis and practical application in 

practical engineering, the research on welding stress has always had important 

research significance and obvious attention. The throughput is the volume flow of the 

inlet of the cyclone, which directly affects the strength of the centrifugal force field. It 

is an important performance index and the basic basis for type selection. The 

centrifugal force field needed for particle separation can not be formed because of the 

small amount of treatment and the low velocity of material flow. 
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