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Sculpt is a parallel code that will generate an all-hex mesh  

from an STL (triangle) representation. Avoiding the traditional 

complex decomposition strategies often needed for hex meshing, 

Sculpt can automatically mesh complex geometries with no  

human interaction. It shares a code-base with the serial CUBIT 

Geometry and Meshing Toolkit, but has its own stand-alone  

parallel executable.  It can be run from within CUBIT or from a 

unix command line on a distributed computing environment.

The Sculpt tool first converts the STL triangles into a volume fraction representation defined on a  

Cartesian grid. The density of  the grid is defined by the user and becomes the basis for the all-hex  

mesh. The geometric boundary is captured by recovering surfaces from the volume fraction information. 

Layers of  hexes are inserted and smoothing performed to improve mesh quality. The result is a set of   

exodus files (1 per processor) that can be used as-is or joined using the seacas epu code. Sculpt is also  

used as an in-situ meshing solution for Alegra, where input can be a standard diatom description.  

Using the overlay grid method from Sculpt, poor quality can result where nodes  

are constrained to an interpolated curve definition at material interfaces.

Results from a Cubit-generated mesh 

were compared with a series of  Sculpt 

meshes where the base Cartesian grid 

was oriented at 10 degree intervals.   

Results showed integrated torque  

measured at a rigid body was within 

3.29% for equivalent degrees of   

freedom for Sculpt and Cubit meshes. 

A series of  60 CAD  

models is used to  

validate the Sculpt  

procedures. Successful 

generation of  computable 

meshes on these sample 

models is one measure  

of  success.  
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Objectives
Fast, Scalable Automatic Hexahedral Meshing 
for Complex CAD Assemblies

1. Scalability to billions of  elements and  
thousands of  processors

2. Eliminate current manual processes for  
geometry decomposition for hex meshing

3. Avoid tedious geometry cleanup procedures  
required by current meshing software.

1. Mesh Adaptation: Overlay grid cell size should adapt to capture local feature 
size using hex refinement operations.

2. Degenerate Hex Elements: Investigate generation and use of  degenerate 
elements (pyramid, penta, knife, …) in poor quality situations.

3. Improved Geometry Sensitivity: Use initial CAD topology information to drive 
hex layer insertion and mesh improvement operations to better represent geometry.

4. Scalability: Validation of  Sculpt on massively parallel machines.  (100s of  cores, 
1000s of  components/parts, 500M to 1 Billion elements) 
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