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Tricks Learned – Mesh Quality

1. Display Option under Integration 

Point Results, Details could be used to 

determine the mesh quality. Nodal 

Difference and Elemental Difference are 

particularly useful. 
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Example – Poor Mesh Quality

Nodal Difference
Elemental Difference

Unaveraged
Averaged
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Tricks Learned – Element Quality

2. The Element Quality option provides a composite quality metric that ranges 

between 0 and 1. A value of 1.0 indicates a perfect cube or square while a value 

of 0 indicates that the element has a zero or negative volume.

2D

3D
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Example – Element Quality

Min element quality = 0.11 due to two layers of 0.015 mm gaskets. Gaskets 

are special elements and can be very thin.

0.54
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Tricks Learned – Virtual Topology

3. Virtual topology can convert a nonsweepable body into a 

sweepable body. It basically stitches multiple edges into one 

continuous edge or multiple faces into one face.

Virtual Topology -> Merge Cells



88IPAC’15, Richmond, May 5, 2015                                           88Lessons and Tricks Learned in Using ANSYS                                           8

Example – Virtual Topology

Nonsweepable

One virtual face

Sweepable

There is a 

tiny face.
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Tricks Learned – Multizone

4. Multizone meshing could be misleading. It may produce 

low quality elements hidden by beautiful exterior mesh 

patterns.

Don’t use Hexa Core for 

wall-like structures 

because they don’t have 

enough volume for Hexa

Core.
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Example – Multizone (Hexa Core)

Uniform exterior mesh has a messy interior. Minimum element 

quality = 0.077. Since this is a wall-like structure, it doesn’t have 

enough interior volume to generate a hexa core.
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Example – Multizone (Hexa Dominant)

Low quality elements

Minimum 

element quality 

= 0.0087

Beautiful mesh pattern 

with hidden low quality 

elements
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Tricks Learned – Sweep vs Multizone

5. Sweep is better than Multizone’s Hexa Dominant or Hexa

Core. Sweep produces high quality elements with less 

number of nodes and elements. Sweep is not noticeably 

better than Multizone if Multizone’s Free Mesh Type is turned 

off.
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Example – Sweep vs Multizone

Min element quality = 0.22 Min element quality = 0.020Min element quality = 0.0025

Sweep
Multizone

Hexa Dominant
Multizone

Hexa Core
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Tricks Learned – Control Problem Size

6. Properly define mesh sizes at the interested areas and 

use coarse meshes in unimportant regions.

It is tempting to think “the finer the mesh the better” and 

therefore not to pay attention to the size of the FEA problem 

as the computer is powerful and has a lot of RAM. 

This strategy has four issues: (1) stress concentration could 

produce misleading maximum stress in linear elastic 

analysis; (2) a long solve time would make debugging very 

difficult; (3) the waiting could quickly become intolerable; (4) 

this strategy may reveal a lack of understanding of which 

area is the most important.
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Example – Control Problem Size

Coarse

Fine

Linear

Quadratic

Solve time = 101 hours

= 4 days and 5 hours
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Tricks learned – Constrained BC

7. Under-constrained bodies produce rigid body movements. 

To find them, fix every body except the suspicious ones and 

run analysis under gravity. If no solution, identify the direction 

that is not constrained. 

8. Over-constrained bodies produce incorrect reaction forces 

and stresses.
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Example – Under-constrained

The problem is not properly constrained: although 

there is no movement in X, Y and Z, it can rotate along 

Y at Vertex A.
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Example – Properly constrained

Applied force = 11951 N

Reaction force = 11951 N

Ymin= -0.0309 mm

Free to move in X 

and Z

You may turn on Weak 

Spring to prevent rigid 

body movements.
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Example – Over-constrained

Fixed bottom face

X, Y, Z = 0 

Fixed in X, Y, and Z
Applied force = 11951 N

Reaction force = 12002 N

Correct Ymin = -0.309 mm

But Ymin= -0.0318 mm

The difference is small. It looks 

right. However, this is not our 

intention to have the bottom fully 

fixed.
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Comparison – Properly and Over Constrained

Properly constrained

Max stress = 132 MPa

Over constrained

Max stress = 160 MPa
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Tricks Learned – Coordinate Systems

9. The element coordinate system is used for: orthotropic material 

input; pressure loading input on certain faces of the surface effect 

elements; output of element quantities, such as stresses, strains, 

and thermal gradients.

10. While global and local coordinate systems locate geometry 

items, the nodal coordinate system orients the degree of freedom 

directions at each node. Each node has its own nodal coordinate 

system, which, by default, is parallel to global Cartesian 

(regardless of the active coordinate system in which the node was 

defined).
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Example – Elemental Coordinate System

X

Y

Z

For complicated cases, elemental 

edges could be used to define 

coordinate systems.
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11. For 2D axisymmetric analysis, its default coordinate 

system is cylindrical coordinate system. When 

comparing the resultant reaction forces from 2D with 

those from 3D models, the cylindrical coordinate system 

must be used in 3D analysis also.

Lessons Learned – Cylindrical Coordinate Sys
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Reaction Force on yoke - 2D vs 3D

F2D = 34,015 N F3D = 876.2  36 = 31,543 N

10 degree of Solid Model

Cylindrical coordinate system must be used 

in 3D because cylindrical coordinate system 

is used in 2D.

Cylindrical coordinate 

system is the default in 

2D. But it doesn’t say 

it.

Summary: Forces from 2D and 3D analysis matches more or less. 2D is 

more accurate because much more fined 2D meshes are used.
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Tricks Learned – Use Worksheet Select Tiny Faces

12. Name the body. Convert the body into faces using 

worksheet. If you get 8 faces for a body with 7 faces, you 

have one invisible face. Select and name the 7 visible faces. 

Subtract the 7 faces from the 8 faces using worksheet. You 

have selected one extremely tiny face. Use Select Items in 

Group to select the tiny face and merge it with the large face 

using Virtual Topology->Merge Cells. The body is sweepable

now.

This procedure is much more complicated than using 

Extend. However, it does provide a comprehensive picture.
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Example – Select Tiny Faces with Worksheet

Selected tiny face
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Tricks Learned – Use “Extend” to Select Tiny Faces

13. Use “Extend” to select adjacent tiny faces so that Virtual 

Topology->Merge Cells can be used to merge them. This is a 

much simpler procedure than using Worksheet. Watch the 

bottom status bar; if it says 2 or more Faces Selected you 

need to Merge Cells.

2 Faces Selected
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Tricks Learned – Edge Color

14. Edge color indicates connectivity. By Connection -> five 

categories: free (blue), single (red), double (black), triple (pink) 

and multiple (yellow). Free means that the edge is not shared by 

any faces. Single means that the edge is shared by one face.

Edges are shared 

by two faces.
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Tricks – User Defined Results

15. Stress components (Sx, Sy, Sz, Sxy, Syz, Sxz) of 

elements are readily available for users to access. Users can 

define any results based on these components. 
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Example – User Defined Results

Built-in von Mises stress User defined von Mises stress



3131IPAC’15, Richmond, May 5, 2015                                           3131Lessons and Tricks Learned in Using ANSYS                                           31

Tricks Learned - Identifiers

16. Identifiers are user-defined parameters linking to outputs 

of elements. They can be used to create complicated user 

defined results.

Identifiers
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Example - Identifiers

Identifiers are user-defined parameters.

Combined result 

of two user 

defined identifiers
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Tricks Learned – Penetration

17. For very thin layers, the penetration tolerance should be 

much smaller than the layer thickness. Set the penetration 

tolerance to be small even for bonded contact so that no 

error will accumulate. Otherwise, the displacement could be 

wrong.

18. Only 99 instantaneous CTE temperature points shall be 

defined. Anything more will produce an error.
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Tricks Learned - Legends

19. For the legend, its font size can be controlled; its number 

of significant digits can be set; a scientific notation or a  

regular number format can be used. To control font size, a 

snippet of Javascript is needed.

DS.Graphics.SetFontStyle( 0, 'Arial', 0, 0, 24, 0, 0 );

DS.Graphics.SetFontStyle( 2, 'Arial', 0, 0, 24, 0, 0 );

DS.Graphics.Redraw(1);

Copy the following text into a text file and 

rename it as *.js; hit “Automation" on your 

toolbar; “Run macro", then pick the file you 

created. This will make the font size in your 

pictures larger so they are readable in your 

report (Courtesy of Bill Crahen).
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Tricks Learned – Rendering Quality

20. Set SpaceClaim Options -> Popular -> Rendering Quality 

to 10 if there is a warning like: A body was processed that 

had faces with no facets.  
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Tricks Learned – Material Designer

21. ANSYS Material Designer is a useful tool to homogenize 

(average) complex components with multiple composite 

materials so that the component’s material can be represent 

by an orthotropic material or Hill material.

It supports linear and nonlinear materials.
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Unit cell Detailed Material Designer Model

Example – ANSYS Material Designer

Z

X

Y

Five materials

Computed material properties
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Tricks Learned – APDL Script

22. APDL is powerful. Workbench Mechanical provides us 

the most commonly used features of ANSYS; APDL enables 

us to access any feature of ANSYS. For example, defining 

materials not supported by Mechanical, orienting elemental 

coordinate systems, and using special features of contacts or 

elements.

ANSYS APDL may be more powerful than you thought.

23. In APDL scripts, the temperature must be Celsius

because the solver uses Celsius.
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24. Surface force density on the yoke steel doesn’t 

transfer to the 2D analysis if the internal edges of yoke 

steel touch another material (stainless steel). This 

material (stainless steel) must be suppressed because it 

doesn’t impact the magnetic field calculation.

Lessons Learned – 2D Maxwell
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2D Maxwell – Not suppressed vs Supressed

YokeCoilSS mandrel SS sleeve
Vacuum 

vessel

Suppressed

SS mandrel SS sleeve

Not suppressed

Surface force density on yoke


