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Abstract--- The FEA is a numerical procedure for analysing 

structure of complicated shapes to apply complex loading 

condition and predict stress lavel.it works on the principle of 

divide the rule that is transformed a physical system having 

infinite unknowns into small finite elements having finite 

number of unknowns. It’s called meshing. Accuracy of the 

FEA result will depends on the quality of mesh. Selection of 

meshing method, element size and element shape are most 

crucial steps in the FEA analysis. More number of elements 

more accurate is the results; however this also increases the 

calculation required for the solution. An acceptance criterion 

of result is to check convergence error for each iteration. 

Order of element is also important is also important for the 

stress prediction in complex loading condition. This paper 

represents the successful attempt to give detailed guideline 

about the selection of meshing method, element size 

meshing quality, meshing refinement and effect of it on the 

accuracy of the FEA analysis result. 
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I.  INTRODUCTION 

Finite element analysis has finally becomes an everyday 

engineering tool. First step in FEA is to discretization of the 

continuum by various finite elements. Discretization 

depends on the shape and size of the geometric model. This 

can be done based on different type of elements depending 

on the king of application, loading condition and geometric 

features of the model. Different elements are available in 

FEA analysis like beam, shell, plate in 1D, 2D and 3D based 

on the number of degree of freedom required at each node 

and geometry to be simulated. Loads are transformed from 

one element to another from the common node. 

User should model a structure with a coarse mesh 

first to find stress concentration then refine the mesh as 

required.in first iteration meshing is done with default size 

of element then check mesh quality. For each iteration 

meshing quality and results are checked if meshing quality 

is good and acceptable then check convergence error in 

result otherwise refine mesh with different refining strategy 

as discussed later in this paper. Convergence error refers to a 

percentage difference between the last two iterations. If 

convergence error is 5% to 10% then result is acceptable 

otherwise mesh refinement is required. 

II. MESHING METHODS 

 Tetrahedral meshing methods A.

Tetrahedral meshing method used triangle element for 

meshing with following two types of patch method. 

1) Patch conforming: 

This method uses bottom approach, meshing process starts 

from edges, faces and then volume. All faces and their 

boundaries are represented and meshed. Good for high 

quality CAD geometry. Sizing is defined by global and /or 

local control.  

2) Patch independent: 

This method uses top down approach, volume mesh 

generated first and projected on to face and edges.Faces, 

edges and vertices not necessarily conformed to. 

 
Fig. 1: Tetrahedral meshing method comparison  

 Hexahedral meshing methods B.

Hexahedral meshing method reduced element count hence 

faster convergence of results. Elements aligned in direction 

of flow Improved Accuracy of result and quality of mesh. It 

Reduce numerical error. 

 
Fig. 2: Hexahedral meshing methods [3] 

1) Sweep method 

In this meshing method Meshes source surface, sweeps 

through to the target. Generates hex/wedge elements. Body 

must have topologically identical faces on two ends, (which 

act as source and target faces) Side faces must be map able 

with this method. 

2) Multizone method 

Multizone method automatically decomposes geometry.it 

Uses structured & unstructured blocks and Generates 

structured hex mesh where possible, fills remaining region 

with unstructured mesh. Can select source & target faces 

automatically\or manually. Block will be meshed by Hex or 

Tetra depending on the Mesh Type (struct / free) 

3) Hex-dominant 

The mesh contains a combination of tetra and pyramid cells 

with majority of cell being of hex type. Useful for bodies 

which cannot be swept. Useful for CFD applications not 

requiring inflation. Useful for CFD in the range of 

acceptable Skewness or Orthogonal Quality mesh quality 

metrics 
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 Surface meshing C.

 Default quad, quad/tri or tri 

 Uniform quad or quad/tri 

III. MESHING REFINEMENT 

1. h-refinement (changing the element size) 

2.p-refinement (changing to higher order polynomial 

interpolations) 

3. hp-refinement (combination of h and p refinements) 

4. r-refinement (keeps the number of nodes constant and 

adjusts their positions) 

 
Fig. 3: Meshing refinements [7] 

IV. MESHING QUALITY 

There are four criteria to evaluate the qualities of the solid 

mesh, which are aspect ratio, Skewness, orthogonally, and 

smoothness. Aspect ratio is the most important criteria to 

evaluate the qualities of each individual element. On the 

other hand, Skewness, orthogonally and smoothness, show 

the quality prediction for two adjacent elements sharing the 

same inner face. [9] 

 
Fig. 4: Meshing quality 

 Aspect ratio A.

 It is the ratio of longest to the shortest side in a cell. Ideally 

it should be equal to 1 to ensure best results. For 

multidimensional flow, it should be near to one. 

 Smoothness B.

The change in size should also be smooth. There should not 

be sudden jumps in the size of the cell because this may 

cause erroneous results at nearby nodes. 

 Skewness C.

For quad elements, the skew is obtained by first connecting 

the midpoints of each side with the midpoint of the opposite 

side, and finding the angle α as shown in Figure 3-10 with 

the smaller of the two angles used so that α is less than 180 

degrees. The result is usually normalized by dividing α by 

180 degrees. 

V. CONVERGENCE CHECK 

An accurate finite element analysis requires measuring and 

evaluating several different error types. A convergence error 

of 10% means the result before and after refinement differ 

by 10%.if the convergence take place then refining the mesh 

in high stress area and running the solver again will produce 

a result that differ between the current and previous run by 

less than 10%.Higher order element is more accurate than 

first order element. The higher the mesh density means the 

higher accuracy of simulation can be reached. However, in 

the meantime, more computation time is required due to 

increased element count. Therefore, it is always a trade-off 

between efficiency and accuracy. 

 
Fig. 5: Model refinements for convergence check [1] 

Model 

no. 

Element 

Size 

(mm) 

Number 

of 

Element 

Maxi. 

Principle 

Stress 

(Mpa) 

Convergence 

error 

In % 

1 4 834 180 -- 

2 2 2047 203 11.33 % 

3 1 14839 212 4.24 % 

Table.  1: Meshing summary for convergence error 

As shown in figure5 consider one rectangular plate having 

some thickness. Refine mesh as shown in fig. 5 with halving 

size of element halved in each model. 

Check convergence error for each model if it is acceptable 

then stop meshing refinement. 

VI. ILLUSTRATION FOR MESHING REFINEMENT 

Effective heat transfer technologies are essential for 

magnetically confined fusion reactor. A number of high heat 

flux devices have therefore been developed specially for this 

application one of the most promising candidate is the 

hypervapotron, a water cooled device which relies on 

internal fins and boiling heat transfer to maximize the heat 

transfer capacity. Hypervapotron is also used for heat 

transfer in beam line component of Indian test facility at 

IPR.it was loaded under thermal (body temperature) and 

structural (water pressure) loading. Geometry of 

hypervapotron is as shown in figure 6. First two iterations 

was done in ANSYS auto meshing but element quality and 

connectivity is not good for acceptance.so last two iteration 

was done in hyper mesh meshing module. Hypervapotron 

have complex geometry and complex loading so to predict 

stress level better in bending higher order element 

(SOLID186) was selected. 

 
Fig. 6: Geometry of hypervapotron 
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Fig. 7: Meshing refinements iteration for Hypervapotron at 

cross section x-x 

 Iteration I Iteration II 
Iteration 

III 

Iteration 

IV 

Meshing 

Method 

Tetrahedral 
(Auto 

meshing) 

Hexahedral 
(Auto 

meshing) 

Hyper 

meshing 

single 
order 

Hyper 

meshing 

higher 
order 

Type of 

element 
SOLID87 SOLID96 

SOLID18

5 

SOLID18

6 

Element 
shape 

Tetrahedron Hexahedron 
hexahedro

n 
hexahedro

n 

Nub. Of 

Element 
185647 170147 145658 145658 

Num. of 
nodes 

329200 293100 200981 748330 

Table. 2: Meshing iteration summary for hypervapotron 

VII. SUMMARY 

FEA is approximation method to find the solution of 

complex problem. Decision regarding selection of element 

size and meshing method depends on geometry features of 

part. If possible remove unnecessary part from geometry and 

simplify geometry by removing fillets to simplify the 

problem. The element’s edge lengths must all be a fraction 

of the size of the smallest feature to get accurate results. 

This density of mesh produces models that that are often too 

cumbersome to be analyzed.in these situation second order 

elements are very useful. Since second order element is not 

restricted to straight line edges, they can model complex 

solids more accurately with fewer elements. 

The primary objective of this study was to give 

guideline for meshing and acceptance criteria for meshing 

based on meshing quality and required result accuracy. With 

this you can apply this methodology to any kind of complex 

problem for meshing in ANSYS simulation. 

REFERENCES 

[1] “Avoiding Pitfalls in FEA,” Paul Kurowski, Machine 

Design, November 7, 1994. 

[2] Joseph Milne’s, Alan burns, dimitrs drikakis,” 

Computational modelling of the hypervapotron cooling 

technique”, fusion engineering and design 87 (2012) 

1647-1661. 

[3] ANSYS 13 Meshing user manual. 

[4] Farazdak haideri (2011),”CAD/CAM and automation”, 

seventh edition, McGraw-Hill Companies Inc. 

[5] Tirupathi R. chandrupatla,”Finite element in 

engineering”, third edition, prentice-hall of India. 

[6] The Finite Element Method in Mechanical Design, 

Charles E. Knight, Jr., PWS-Kent, 1993. 

[7] Abdullah alsahly and shorash miro,”Adaptive finite 

element” short presentation at Rahr university Bochum. 

[8] A. Entrekin, “Accuracy of MSC/NASTRAN first- and 

Second-order Tetrahedral elements in solid modeling 

for stress analysis” 

[9] Meshing quality definition, http://help.plastics-

u.com/online-help/moldex3d-pre-processing-

tools/moldex3d-mesh/mesh-quality-definition/. 

 

 

 

 

 

http://help.plastics-u.com/online-help/moldex3d-pre-processing-tools/moldex3d-mesh/mesh-quality-definition/
http://help.plastics-u.com/online-help/moldex3d-pre-processing-tools/moldex3d-mesh/mesh-quality-definition/
http://help.plastics-u.com/online-help/moldex3d-pre-processing-tools/moldex3d-mesh/mesh-quality-definition/

