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OVERVIEW 
 

For a finite element analysis, “convergence” must be achieved for an accurate result. In 
other words, the number of elements must be sufficient such as provide a relatively 
accurate solution. Increasing the number of elements (for the same element type) reduces 
the error between the actual solution and the FEA solution. However, increasing the 
number of elements also increases computational time. 
 
This document evaluates various cases, the mesh density, and the possible element types 
(QUAD4 versus QUAD8). Based on these results, recommendations to achieve convergence 
are provided. The user can also choose their own settings, which can be aided by the 
information provided in this document. 
 
As an additional point of reference, the validation document has 27 cases that use the 
“High Accuracy” setting (although stretch elements is not allowed for that document). 
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RECOMMENDATIONS FOR CONVERGENCE 
 

 
Default settings for HIGH ACCURACY: 
QUAD8 
Reduced Integration (R) 
Elements on short edge = 16 
Allow stretch? = Y 
Max known error with these settings is 1.8%. Most cases are accurate to within 1%. 
 
 
Default settings for MEDIUM ACCURACY: 
QUAD8 
Reduced Integration (R) 
Elements on short edge = 10 
Allow stretch? = Y 
Max known error with these settings is 4.5%. Most cases are accurate to within 1%. 
 
 
NOTES: 
If QUAD4 is used, it is recommended to use at least 30 elements along the shortest 
edge. Max known error with this setting is 4.6%. 
 
If QUAD8 is used, it is recommended to use at least 10 elements along the shortest 
edge (for either Full or Reduced integration). 
 
If QUAD8 is used, Reduced (R) Integration = “R”, converges with few elements than 
full integration “F” (Full Integration). 
 
The setting “Allow Stretch = Y” has a minor effect to solution accuracy, but can 
dramatically reduce the run time. 
 
The QUAD4 with reduced integration is not available because the results are very 
inaccurate. 
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CONVERGENGE STUDY 
 

For the following figures, the far left column represent the number of elements along the 
short edge. The second column is the result predicted by the FEA solution. The third 
column is the error for the FEA solution (based on the assumption that the classical 
solution is exact). 
 

Case 1: 
W=10, H=10 
Isotropic material, E = 10.0E6, v = 0.30, t = 0.05 
All edges simply supported 
Nx – Uniaxial running load 
Stretch not allowed 
 
Classical Solution : 
Fx,cr = 903.5psi (Kc = 4.0) 
Nx,cr = 45.17 
 

 
Figure 1 : Convergence for Case 1 
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Case 1L: 
Same as case 1, but Width=50 (aspect ratio of 5:1). 
 

 
Figure 2 : Convergence for Case 1L 
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Case 1LS: 
Same as case 1L, but allow stretching is set to “Y”. This means the elements can be 
stretched to have an aspect ratio of about 2:1. 
 

 
Figure 3 : Convergence for Case 1LS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PlateMesh© Convergence Study — Version 1.1 
Structural FEA, LLC and ESP Composites, LLC  5 of 8 



Case 2: 
Same as Case 1, but a shear running load (Nxy) is applied 
 

 
Figure 4 : Convergence for Case 2 
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Case 3: 
Same as Case 1, but all edges are clamped. 

 

 
Figure 5 : Convergence for Case 3 
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Case 4: 
Same as Case 1, but all edges are clamped and a shear running load is applied. 

 

 
Figure 6 : Convergence for Case 4 
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