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The Challenge of Controlling  

Welding-induced Distortion

During welded fabrication, high localized heat input 

and subsequent rapid cooling result in the creation 

of residual stresses that lead to distortion. When 

residual stresses are imparted as components are 

forced into place and weld sizes are increased to 

compensate for increased gaps. These residual 

welding parameters, welding sequences, and 

and accurate methods of mitigating distortion are 

Numerical Modeling of Welding Processes

induced residual stresses and distortion, and to 

structures.  Most welding simulation techniques use 

code. While the last approach works well for 

The most accurate and comprehensive numerical 

metallurgical transformations in the weld and 

commercial and government projects. 



method, local models are used to create the plastic 

strains which are a function of welding sequence 

and weld location. A global model is then used 

pass welding, the plastic strain evolution induced 

distortion prediction. Figures 1 and 2 illustrate the 

Structures

the high temperatures and stress gradients in 

these regions. Despite ongoing technological 

advances, the long computing times required 

been developed, including the inherent strain/

deformation method, the shrinkage volume method, 

distortion control concepts.

Designing Welded Structures to Reduce 

Distortion  

distortion. Simple guidelines have been developed 

for designers, including balancing weld placement 

possible. Numerical weld modeling provides 

a more advanced tool, allowing designers to 

determine whether a structure will buckle, predict 

the magnitude of distortion for various weld sizes, 

and estimate the effect of weld residual stresses on 

the overall strength and fatigue life of the structure. 

Using these data, material thicknesses and 

weld sizes can be selected to minimize buckling 

fabrication.

Since numerical weld modeling can be used to 

determine where distortion will occur, welding 
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in these problematic areas. The effectiveness of 

the restraint. Numerical modeling can also be used 

to create a part with minimal distortion once it is 

unclamped and to calculate and compensate for 

weld shrinkage.

For structures with multiple welds, determining 

the ideal welding sequence is challenging, even 

modeling, multiple welding sequences can be 

Methods

Numerical modeling can be used to assess the 



1250 Arthur E. Adams Drive, Columbus, Ohio 43221-3585 Phone: 614.688.5000 Fax: 614.688.5001, www.ewi.org

Fall 2015 Controlling Welding-induced Distortion 

Yu-Ping Yang is an principal engineer in EWI’s structural integrity and modeling group. His main area of expertise 

is computational modeling of thermal related processes to predict temperature, microstructure, residual stress, and 

concepts to predict which method or combination 

numerical models have been developed to 

for distortion control. Figure 3 illustrates the use of 

numerical modelling to evaluate intermittent welding 

as a method of eliminating buckling distortion.

optimize welding sequencing.


