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As stated in the previous paragraph, the integrated model 

exhibits eigenvector results similar to Fisher and ANSYS. 

In principle, a structural component prone to buckling 

will follow the equilibrium path of the 1 st buckling mode, 

being the lowest one. However, in most of the investigated 

cases in this report, the first 2 eigenvalues are very close 

to each other (<1% difference). This has an impact on the 

analysis. Small changes at the mesh or at the distribution 

of the residual stresses may lead the solution to follow 

the path of a higher buckling mode. These modes are 

The side edges are free. The mesh in both the integrated 

model and in ANSYS consist of 100 and 200 elements in 

the width and rolling direction, respectively. The coor-

dinate system is such that x is in the strip width direction 

and y in the length (rolling) direction.

There are various ways to mathematically describe the 

distribution of the residual stresses along the strip width 

direction. Fischer’s paper uses both the cosine and the 

polynomial description (cases 1-6), whereas at cases 

8-13 the W-polynomials were used. A schematic of the 

input residual stress per case is illustrated in Fig. 2 (left 

part). The red/green colour represent the areas under 

compression/tension.

Simulations results

The most important result of the elastic buckling analy-

sis is the 1st eigenvalue (and eigenvector) because it is 

connected to the critical buckling load. Focusing on 

centre buckles (cases 1-6 & 8), the critical load difference 

between the developed model and Fischer’s work is very 

small for the first 5 cases, i.e. <0.4%. In the 6 th and 8th case 

the deviation is 3.3% and 1.0%, respectively, and it may 

be attributed to mesh size difference. Nevertheless, the 

results are satisfactory for buckling prediction in the rol-

ling process, since an uncertainty of about 3% in calcula-

ting critical buckling loads is acceptable, in view of other 
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Fig.3 - 3-D visualisation of the roll stack with manifest strip shape (blue = compression, yellow= tension). 

The deformation of the roll stack is not visible in the graph.

CONCLUSIONS

The presented model combines roll stack deflection 

and buckling analysis to predict latent and manifest 

shape errors during rolling. It links the most common 

process parameters directly with the buckling analysis 

results, providing an intuitive simulation tool. The elastic 

buckling validation shows that errors are below 3.3% and 

2.8% for the critical loads and wavelengths, respectively. 

The application section demonstrates that the buckling 

model is capable of predicting both critical buckling limit 

and modes that are characteristic for rolling.
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