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“Techniques to ensure minimum distortion of an 
assembly of metal parts induced due to the 

process of welding used for an assembly” 
K. D. Hardikar, D.J.Nidgalkar, Dr. K.H. Inamdar 

Abstract— In manufactur ing industry there are hundreds of metal parts that ar e joined together by  w elding process   daily. Even a single 

typical automotive body has about 4000-5000 w eld spots in it w hich joins about 200 sheet metal parts together. During the joining process 

many factors affect the f inal geometrical quality. One of the many geometr ical factors affecting the f inal geometrical outcome of the metal 

part assemblies is the w elding process considering w elding sequence used w hen the parts are w elded together. It is of course desirable to 

choose w elding parameters as w ell as  w elding sequence that minimizes distort ion i.e. both var iation and deviation in crit ical dimensions of 

the f inal assembly. Reduc ing dimensional variation is of crit ical importance to improve the f inal product quality. In this pa per  takes  an      

overview  of various techniques  used to achieve minimum distor tion w hile the metal parts are being assembled. Form the var ious  techniques    

discussed, the technique w hich yields the minimum distor tion is the technique for  optimization of w elding process and leads  t owards the 

quality manufactur ing.  

Index Terms— Welding, Weld Sequence,  Weld Spot,  Dis tort ion, Assembly, Optimization, Dev iation.    

——————————      —————————— 

1. INTRODUCTION  

Welding process is widely used now-a-days for metal joining 
operations. The most common and widely used metal joining 
process is welding process. The dimensional quality of        
assembly is ensured by two ways either by optimizing     
manufacturing of parts to be assembled qualitatively within 
dimensional tolerance limit or by optimizing the process of 
joining which joins the parts to be assembled. It is observed 
that the joining process like welding contributes towards the 
distortion induced to a larger extent. So it is very essential to 
optimize the process of welding. Welding process                
optimization leads towards dimensional accuracy of            
assemblies and overall accuracy of machine or mechanism. 
Various techniques are used to reduce the distortion induced 
in assemblies due to the welding process. The measure cause 
of distortion induced is welding sequence used for assembly. 
Different techniques to reduce the welding distortions are   
disused subsequently. 
  

2. DIFFERENT TECHNIQUES USED TO REDUCE ASSEMBLY 

DISTORTION DUE TO WELDING: 

There are various techniques and methodologies to reduce the 
distortion induced in assembly of metal parts due to the  

welding process used for an assembly and are as follows: 
 

2.1 Virtual fabrication technology (VFT):  

VFT is a state-of-the-art fabrication simulation technology that 
allows rapid solutions for large, complex metallic structures 
containing both single-pass and multi-pass welds and allows 
the user to consider or input all critical variables. It can be 
used in product design stages to help the weld design and in 
the manufacture stage to determine the optimal weld          
processes to minimize welding-induced distortion. For weld 
process models, various software tools are used for              
optimization and for fabrication metal process design.      Me-
thods used to control weld induced distortions is to decide 
proper welding sequence for minimum thermal distortions 
induced. Virtual fabrication technology is one of the methods 
to reduce thermal distortions by predicting the sequence of 
assembly welding virtually before fabrication.  
Consider case of a submarine hull manufacturing from steel 
sheet by VFT. 2.5m diameter and 2.3m long cylinder welded to 
a 101.4mm thick ring. Three weld sequences are considered for 
welding as first sequence is to tack the cylinder, perform the 
multi-pass seam weld, and then weld the cylinder to the end 
ring with the outside fillet, and inside fillet. The second      
sequence is to tack the cylinder, then tack the cylinder to the 
end ring from outside and inside Tee fillet locations, perform 
seam weld, and weld outside the Tee fillet and inside the Tee 
fillet. The third sequence has the same tacking procedures as 
the sequence two. But at first the inside Tee fillet was welded, 
then outside Tee fillet, and finally the seam weld. It was found 
that the radial distortion is reduced and can meet the design 
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requirement. The reason that the third sequence produces less 
distortion is that after the Tee fillet weld the cylinder is stiffer 
so that the seam weld induced distortion is smaller.             
Sequencing is clearly the preferred procedure for this case [1]. 

 
 2.2 Tolerance analysis: 

A general and efficient methodology has been developed to 
analyze dimensional variations of a welded assembly, taking 
into account of weld distortion due to heat induced from     
sequence welding operation. Weld distortion is generally 
probabilistic because of the random nature of welding        
parameters such as the welding speed, maximum welding 
temperature corresponding to the welding sequence, ambient 
temperature, etc. Tolerance analysis methodology comprises 
of establishment of a weld distortion database and tolerance 
analysis using the database. The methodology is as shown in 
the Fig.1 below.  

 

Fig.1 Database Generation and Tolerance Analysis [5] 

 To establish the database, thermoelastoplastic finite element 
analyses are conducted to compute the weld distortion for all 
combinations of discrete values of major welding parameters. 
In the second step of tolerance analysis, the weld distortion 
retrieved from the database is taken into account in addition 
to the dimensional tolerances of the parts. As a result of such 
an analysis, sensitivities of the assembly’s dimensional        
variations to the part tolerances and weld distortion are       
obtained, which could provide a guideline for improving    
dimensional quality of assembly. By using this technique the 
parameters which provides minimum distortion as well as 
minimum tolerance variation is used for quality fabrication 
[5]. 
 
2.3 Pre-straining technique: 

 Pre-straining technique used to control welding induced    
distortion for a fixed sequence of welding in heavy industries. 
With pre-straining, some plates are pre-bent, plastically,      
before welding. This is in contrast to pre-cambering, where the 
bending during the weld process is elastic. This may have   
applications in many large ship fabrication areas where thick 
plate must be welded and distortions controlled, such as 
bulkheads. Before assembling welded structure, plates are 
bent into permanent shape based on predictions using      

software. After welding, welding-induced distortion makes 
the bent shape become straight. To determine the pre-bent 
shape and magnitudes, a large amount of experiments needed 
to be conducted (in the past) before weld modeling software 
was available. 

 

(a) Before welding 

 

(b) After Welding and Machining 
      Fig.2 (a, b) Pre-Straining of Plate [1] 

In the Fig.2 pre-straining technique is described to mitigate 
distortion resulting from the   J-groove circumferential fillet 
weld between a very long cylinder and a plate. Before      
welding, the plate was bent as shown in the Fig.2 (a). End 
edge of the plate was pre-bent to about 7 mm away from    
middle straight part of the plate in the cylinder axle direction, 
as marked in Fig.2. It is import to note that the pre-bent plate 
has 3 nearly straight sections with two bend radii. After   
welding, the pre-bent plate becomes almost flat as shown in 
Fig 2 (b). It should be pointed out that the plate was only bent 
in one dimension. Rectangular and the J-groove                    
circumferential fillet weld are close to the two edges of the 
short side of the rectangular. If the plate is square and the   
centre of circumferential weld is around the centre of the plate, 
it is necessary to bend the plate in two dimensions. This             
pre-straining technique is easy to use and very effective. The 
use of this technique makes the design procedure practically 
economical for any type of large structure fabrication [1]. 
 

2.4 Optimization of welding distortion by Taguchi 
method: 

The objective of the method is to achieve optimum setting of 
welding process parameters for the minimum distortion     
induced by using a Taguchi method. Taguchi philosophy 
technique for quality engineering provides 2 tents: -                  
first is reduction in variations (improved quality) of a product 
or process and second is proper development strategy can   
intentionally reduce variations. The Taguchi method provides 
a lot of conveyance in the optimization of spot welding      
process variables. There are a number of variables associated 
with this process and are 5 to 7 in number. Value of every   
variable puts an adverse effect on the output of the welding 
process that is weld strength and distortion induced. So, there 
is a need to investigate the effect of change of values of each 
and every parameter involved in the process on the output. 
Since the output required should be as per the desire of the 
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application, result of the values of different process variables 
on the output is required to be investigated. The effect of   
process variables can be studied only by performing the     
experiments on different material sheets of different         
thicknesses. Now, performing the experiments on a hit and 
trail basis is a tough task and very expensive also. So, a proper 
model of experimentation is    required to be formulated. Ta-
guchi techniques help a lot in the formulation of an effective 
experimental model for these types of problems. Use of this 
technique not only reduces the    number of experiments but 
also gives a proper optimization of the values of process     
variables to get an effective weld strength and distortion    
induced. The welding process parameters used for Taguchi 
approach are weld cycle time, cooling time between            
sequence welding, current required for the resistance spot 
welding, pressure, electrode diameter, welding sequence, 
HAZ, etc. by using values of welding parameters, sequences 
for different levels and by using Taguchi design matrix array 
the optimum parameters are worked out for the output as 
minimum thermal distortion for improvement of dimensional 
accuracy while manufacturing [4].  

 
2.5 Joint rigidity approach: 

Joint rigidity method is used for effectively determining the 
welding sequence. For welding sequence the deviation from 
the actual geometry is measured by using CMM machine and 
compared with the software simulation results. As shown in 
Fig. 3 Joint rigidity can be defined as the resistance to angular 
bending of a T-joint under a unit moment applied to the joint.  

        Joint Rigidity = m/, 
        m : Unit applied moment, 

         : Angle of rotation per unit applied moment 

 

Fig.3 Joint Rigidity [6] 

For example, consider a panel consisting of T-joints as shown 
in the Fig. 4 below. 

 

Fig.4 Panel consisting of T-joints [6] 

Four welding sequences are used for analysis by a joint       
rigidity method. Joint rigidity method says a unit moment 
applied to the middle joint of a panel results in smaller       
angular rotation of the skin plate at the joint than applying the 
same unit moment to the joints at the free edge of the panel. 
As a conclusion T joint rigidity method says that welding    
sequence that starts with more rigid joints and moves         
progressively towards less rigid joints would result in less 
distortion. It is also concluded that the optimum weld         

sequence found by joint rigidity method can improve the    
flatness of the panel and ensures minimum distortion in the 
assembly [6]. 

 
2.6 Combination of clamping and welding method: 

In this method the combination of clamping and welding   
sequentially according to clamping is used to reduce the     
distortion induced in sheet metal assemblies. Consider a     
following example of model of Sheet Metal Assembly. 

 
Fig.5 Model of Sheet Metal Assembly [7] 

In Fig.5, (a) two sheets of slightly different shape are to be 
joined. A clamp is applied at location l1 in (b), and the two 
pieces are welded there. In (c) the clamp has been released. 
Another clamp is applied at location l2, and another weld is 
made at that location as shown in (d).The final joined product 
is displayed in (e). Two sequences are considered for welding 
of two sheets 1) Clamping at one location and welding sheets 
from that location 2) Clamping at another location and  
welding of  sheets from that location. The results obtained are 
very different affecting the shape of final assembly showing 
the importance of sequence welding. A cantilever beam      

configuration of a metal sheet is as shown in Fig.6 

.  

Fig. 6 Cantilever Beam Configuration [7] 
The configuration is simulated for welding sequences as 1) 
Welding Inside-Out 2) Welding Outside-In. Results were   
analyzed and it is concluded that to achieve tolerance limits 
and smallest deviation it would be best to perform clamping 
as well as welding from Inside-Out [7]. 

 
2.7 Spot weld FEM modeling technique: 
In this technique spot welds are modeled either by using    
coincident nodes (joining the corresponding nodes of        
components of an assembly) or by using a rigid connection in 
between. Welded system should behave like a discrete welded 
system rather than a continuous system so that there is at least 
one free node. In modeling the mesh size does matter to a 
greater extent. For capturing highly localized stress and      
distortions the welding sequence for welding as well as mesh 
refinement are critical parameters. In weld modeling, how to 
include spot welding sequence in variation simulations and 
correlation between offset and standard deviation for different 
welding sequences is investigated as well as no. of weld points 
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needed to lock the geometry are also to be considered. In most 
of the cases it is observed that distortion is only due to        
influence of heat and can be controlled by sequencing method. 
In FEM weld modeling method, Simulation is based on data of 
measurements before welding and simulation results are 
compared with measurements after assembly welding for  
different welding sequences. Consider an example of simple 
T-joint as shown in Fig. 7. The modeling before welding is 
shown in Fig.7 (a).welding is carried out at the intersection of 
two plates from both sides by using various sequences of 
welding. By using FEM modeling and simulation technique 
distortion due to heat induced in welding process is calculated 
and is as shown below in    Fig.7 (b).   

 

(a) Before welding 

     

(b) After welding 
            Fig. 7 FEM Modeling [3] 

Deviation in values measured before welding and after    
welding gives the distortion in assembly for the corresponding 
sequence of welding. The sequence that provides minimum 
thermal distortion becomes the solution towards the quality 
fabrication within distortion tolerance limit [3]. 
Consider another example of diode packaging. The assembly 
is as shown below in Fig. 8 

 

 

Fig.8 Diode Packaging [2] 

 

Fig.9 Diode Weld Assembly [2] 

For diode packaging three cases for welding sequence are  
investigated as 1) Simultaneously welding front and rear 
welds followed by cooling 2) Front weld followed by cooling 
and the rear weld 3) Rear weld followed by short time cooling 
and then front weld. The effect of welding sequence on WIAD 
is studied numerically by finite-element method (FEM) with a 
more realistic physics based laser welding model and          
experimentally by welding prototype butterfly packages.    
Results from both methods are compared. It is shown that the 
influence of welding process parameters on WIAD is            
significant and WIAD control is possible if proper welding 
sequence is employed. . The results then obtained in this case 
shows that for minimum WIAD the only sequence for welding 
is 3rd one i.e. welding the rear side first then short cooling and 
then welding front side [2]. 
 

3 DISCUSSIONS: 
By selecting the proper welding methodology and welding 
sequence the distortion of assembly is reduced drastically. 
Use of a proper technique leads to accuracy enhancements and 
eliminates the need for expensive distortion corrections.  
Software simulation techniques or a VFT reduces the process 
costs, improves quality and permits pre-machining concepts 
to be used for accurate dimensional assembly and fabrication. 
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