
Transfinite Meshing in the context of Unstructured Meshing

Nilanjan  Mukherjee

Jan, 2002

We live a mixed-mode world where nothing's perfect. 

While generating unstructured meshes on a collection of mesh-areas (classical geometry / geometry abstraction / tessellation), regular 4-sided areas are often encountered where the user prefers a mapped-mesh. The following usecases describe some common  scenarios.

USECASE I: On 4-edged flanges the free mapped mesher will automatically create mapped meshes as depicted in Fig 1 and 2. This will be done by node adjustments on the boundary edges. However this will be limited currently to simple sections to be extended in future to compound sections.

[image: image1.png]


[image: image2.png]8

w‘
N
mum

X




Fig 1. Flange sections where mapped meshes are desirable. A free mesh example using the current free mesher.
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Fig2. Desired quality of free mapped mesh on flange sections.

USECASE II: On split cylindrical sections the free mapped mesher will force a mapped mesh, but not automatically. The user needs to drive the mapped mesh with local lengths. Split Cylinder Meshing where much of the user effort can be automated.
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Figure 3.Mapped Meshed split cylinders. For conical cylindrical sections, the user may have to use local lengths to force the free-mapped mesher to create a mapped mesh.

USECASE III: All edges that are frozen with an existing mesh or local lengths will drive the mapped mesh. 

USECASE IV: The mesh preview mode will support all node adjustments. This means, if after a mapped mesh has been generated on a section, any local changes are made to the section in the mesh preview mode, the remesh function would still force a mapped mesh on the section if possible.

Preconditions:

· Section/Faces with all four sides frozen can not be map meshed.

· Frozen edges, edges with local length will drive the mesh.

· 3-edges faces will also be map-meshed, but not automatically. To get a mapped mesh on 3-edged faces the user needs to turn on both the “Allowed Mapped Mesh” and the “Allow Triangles” toggles and seed two sides of the triangle to get a desired vertex of degeneracy. Without local lengths, the mesher will generate quad meshes with tip triangles (Nielson’s Triangles) on faces that are isoceles or equilateral.

· Free Mapped meshes will not be smoothed or cleaned.

· On non-map-meshable contours, if the user opts for Free- Mapped Mesh, all map-meshable subcontours will be mapped mesh. This is expected to result in a better performance and bigger patches of map-meshes even in non-map-meshable contours, depending on the contour shape.

· No map-mesh will be created on paralleogram type contours with acute included angles as shown in Figure 4.






Figure 4. An acute angles 4-edges face.

Map-meshability of  angular contours will be limited by the sum of the absolute deviation of each included angle from the right angle. The limiting value for now will be 100 degrees. 

(((i   - 90)  < 100

i = 1, 4;

· Triangular mapped meshes will split the mapped quads along the shortest diagonals.

Postconditions:

Boundary Node Post Processing:

· All 4 sided face/sections will be force map meshed. This implies post processing the boundary nodes which have been already created on the curve/edges and may not have matching polarity. Figure 5 depicts a typical case where for the face to be completely map meshable 

m = o and n = p







              

Figure 5. A MNOP 4 sided contour

To establish matching polarity, first attempt is made to create additional nodes on the curves with lesser nodes.
· The boundary node adjustment process does not apply to 3 sided , 5 or more sided sections. 

· If some of these curves are frozen then next, an attempt is made to remove nodes from the opposite curves. If any of these curves are frozen or have local length the attempt fails rendering the face non-map meshable.
· During this node-adjusting post processing stage, the frozen edges get higher priority than the unfrozen following the rule
Frozen status of section/face (4 sided) is defined by

FS = Wf * Ef + Wl * El + Wa *Ea

where Wf = 0.4, is the weighing factor for frozen edges 

           Wl = 0.4, is the weighing factor for edges with local lengths

and     Wa  = 0.2 is the weighing factor for edges that have been node-adjusted

Ef, , El  and Ea denote the number of nodes on frozen, locally seeded and node-adjusted curves respectively.

· Face/Sections are post processed in the sequence of their frozen status. This helps the mesh to be driven by the frozen edges. After each face is post processed for boundary node adjustment, the frozen status of the affected neighbors is re calculated. A new search for the best frozen face begins.

Meshing Contours:

· While meshing contours, the boundary discretization is reduced to a 2D state, i.e the nodes are transformed to their MAX AREA PLANE/PARAMETER SPACE as the case may be. This helps determining the four corners of sections/faces that are not four edge/curved, but can be map meshed.
· First, all nodes that are on connecters or vertices are identified. If this list exceeds 4, the best 4 nodes are determined based on the 4 lowest corner angles. Next the matching polarity check is carried out .
· For 5-sided contours, as illustrated in Figure 6, the following checks are done to arrive at the vertex of degeneracy
m + n = p, degenerate vertex 2

n +  o = q, degenerate vertex 3

o + p = m, degenerate vertex 4

p + q = n,  degenerate vertex 5

q + m = o,  degenerate vertex 1
   else the contour is not map-meshable.


   











Figure 6. A 5 sided contour considered for map-meshing

· A similar attempt is made to identify map-meshable triangular regions as shown in Fig 7.








Fig7. A 3-sided map-meshable contour where m = o.

Two examples will be considered to discuss the desired automation and user control over free mapped meshes and the quad-tri mapped meshes on triangular contours.
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Figure 8. A typical automobile body panel flange that needs a mapped mesh.

Fig 8 shows a typical car body panel that needs mapped meshes to be automatically generated by the free mesher on the flange sections shown.
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Figure9. A free mapped mesh will be produced automatically on all of these 4-curve sections by adjusting nodes on the boundary and driving the mesh by the frozen curves.

The desired mapped mesh, driven by the sections with frozen edges is depicted in Fig 9. There are no local lengths on these section curves at this point.
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Figure 10. The user now can change the mesh by specifying a local length of 2 on the curve shown. No other local length is applied on any other curve.

The user may want to alter the no of elements along the width in the mesh preview mode, calling for a remesh of not only the section affected, but all other connected sections that needed node-adjustment on their boundary to be map-meshable.
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Figure 11.All the RHS sections will be  updated by the local length shown in Fig 10. This can not be accomplished by the classical mapped mesher today. The free-mapped mesher will propagate the frozen length of 2 to all the sections connected to its owner.

Fig 11 depicts the desired effect of the local length on one of the curves. The row of sections related to the modified edge will propagate the seeding all along. Thus all these sections will finally get 2 elements along width.
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Figure 12. A typical body panel meshed with “Allow Mapped Mesh” toggle on.All 4-curve sections expect good mapped meshes as shown.

Fig 12 depicts an expected free mesh on a segment of a typical car body panel. It is to be noted that all 4-curve sections in the model expect mapped meshes as shown. Some 4-curve sections, like the reverse U shaped bottommost section also has a mapped mesh which may be undesirable. The user can remesh that section turning off the Allow Mapped Mesh option to get a free mesh.
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Figure 14. A spherical cap made with 4 3-curve sections.

Fig 14 shows a collection of 4 equilateral triangular sections that form a spherical end cap. The free mapped meshing functionality developed on 3 sided areas will be explained with Fig 14-17.

[image: image12.png]



Figure 15. Free mesh on the spherical cap.

A typical example of free mesh is shown in Fig 15 on the four spherical sections. The mesh is far from a mapped mesh. If triangles are allowed the mesh actually deteriorates in terms of quality.
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Figure 16. A free-mapped mesh on the triangular sections. All bottom curves have a local length of 10 forcing a common vertex of degeneracy.

A free mapped mesh is generated using the degenerated case of the 4-sided Coon’s blending equation, allowing Nielson’s triangles at the tip. A local length of 10 on the bottommost curves forces the four sections or loops to share a common vertex of degeneracy. 
Formulation

The free mapped mesh generation process will be broken up into 2 modules

The Boundary Node Adjustor (BNA) 

The Transfinite Mesh Generator (TMG)

Once the boundary nodes are generated on each edge/curve, the BNA module will be invoked for each face/section. This module will visit all sections that have the Allow Mapped Mesh switch turned on and adjust nodes on their boundary to create map-meshable contours.

Next, during mesh generation all face/section(s) will be tested for map-meshability. If they are map-meshable, meaning m = 0 and p = n, the transfinite mesh generator will be invoked to generate a mapped mesh in the MAP/PS. Mesh cleaning and smoothing will be skipped for these contours and the mappped mesh will be directly projected on the face/section (including SOMs).

The classical Coon’s blending function used by the existing I-DEAS mapped mesher will be employed in a 2D scenario to generate the free mapped meshes. The major advantage here is the  fact that the classical mapped mesher mostly performs a 3D blending on boundary nodes and then projects them to the surfaces. Only for single surfaces a UV blending is done in 2D space. The 3D blending causes a problem for doubly curved surfaces. It tends to produce quad elements whose height changes non-uniformly. Often on a single surface the UV blending can not be done if a seam crosses the surface. These limitations can be over come in free meshing, where the Maximum Area Plane is essentially a 2D plane and the parameter space is also shifted and scaled if seams cut across them. So the final contour is always available in a closed continuous 2D space where transfinite meshing works immaculately.

This forms the strongest basis on which free-mapped meshing is conceived.

Also for compound sections where some loops are 4-sided and others are not, the free-mapped mesher will be able to generate mapped meshes on the fitting loops and free meshes on the rest.

Local lengths can be used with more freedom to control more than one mapped mesh effectively. It is also possible to let the frozen edges drive the mapped mesh. However, edge biasing or handling sections with more than 4 curves can not be done effectively. This could be seen as a future enhancement.

The Coons blending function that will be used to generate transfinite meshes in the MAP/PS can be expressed as

P(x,y) = (1 – t) * B5(x,y) + s * B6(x,y) + t * B7(x,y) + (1 – s) * B8(x,y) – (1 –s)(1 – t) *

              B1(x,y) – s (1 – t) * B2(x,y) – st * B3 (x,y) – t(1 –s) * B4(x,y)

Where the point P(x,y) is an interior node generated using the intercepts of the corner and guide nodes on the boundary as shown in Fig 17.
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Fig 17. A 2D transfinite mesh space showing the interior node P to be created, the corner nodes B1-B4 and the guide nodes B5-B8. A degenerated case represents a triangular Coon’s patch where vertex nodes B3 and B4 and guide node B7 merge.

The transfinite meshing process begins with the generation  of  interior nodes.

Next the interior boundary is identified as shown in Fig 18. and meshed (elements generated).










Fig 18. The interior mesh boundary shown in black. The margins have still not been meshed.

Finally the mesh between the interior boundary and the outer boundary (or the margin) is paved as shown in Fig 19.








Fig19. The final transfinite mesh, after the margin region is paved.
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