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STL Faceted-Surface Integration in MCNP6 o»
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1. New Capability: Native support for STL
(Stereolithography) geometry as a standard
MCNP surface type.
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2. Goal: Simplify complex geometry modeling by
allowing direct import of CAD surface meshes
without manual CSG (Constructive Solid
Geometry) conversion.

3. Integration: Works alongside existing
quadratic/analytical surfaces (planes, spheres,
cylinders, tori). Works with CSG Boolean

r I'S.
Ope atO S MCNP 3-D rendering showing STL based

phantom, by Auer Benjamin, Brigham and
Women's Hospital and Harvard Medical School
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What is an STL Faceted-Surface?

e What is an STL file?

— Standard file format originating from 3D
printing/CAD export (Stereolithography).

— Describes the outer boundary surface of a 3D
object using triangular facets.
« What is a Faceted Surface?

— A surface composed of small, flat planar triangles
(facets).

— Each triangle is defined by 3 vertices and an
outward-pointing unit normal vector.
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Low resolution version of the
Stanford Bunny rendered in MCNP6




Defining STL Surfaces in MCNP Syntax

Surface Card form:

<id> [tr] stl file[=]<path to stl file>
[scale[=]<value>]
[check[=]<0|1]2>]

Example:

11 1.0 -1 2 imp:n=1 VOL=1.0 $ low poly bunny
200 0 (1:-2) =200 imp:n=1 $ void
300 0 200 imp:n=0 $ Outside world

1 stl file=bunny.stl
2 c/ly 3 42

200 so 200 $ Outer boundary
1% Los Alamos
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Stanford Bunny with hole, rendered
in MCNP6
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How to use in MCNP

* Works like an existing MCNP surface

 Forms a closed (manifold surface) like:
- Sphere
— Torus
- Macrobodies (RCC, RPP, BOX, RHP, ...)

* Rotations and translations work normally
- Lattices work normally

» Take care of possible overlap between parts,
most CAD conversion to STL will create

small gaps and overlaps. Deconflict with Lattice of Stanford Bunnies rendered

standard Boolean CSG operators. in MCNP6
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Overlaps

* You define the overlap: one takes precedence

11 1.
2 2 1.
100 O
300 O

1 stl
2 stl
200 so

0 -1 2 imp:n=1 VOL=1.0 $ wrench
0 -2 imp:n=1 VOL=1.0 $ bolt
-200 2 1 imp:n=1 $ world

200 imp:n=0 $ Outside world

file=wrench.stl
file=bolt.stl
200 $ Outer boundary

1% Los Alamos
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Wrench and bolt defined with STLs.
Bolt turned 90 degrees. Bolt takes
precedence.
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Overlaps

®

You define the overlap: overlap region
11 1.0 -1 2 imp:n=1 VOL=1.0 $ wrench
22 1.0 -2 1 imp:n=1 VOL=1.0 $ bolt
331

100 0 =200 2 1 imp:n=1 $ world
300 O

.0 -2 -1 imp:n=1 VOL=1.0 $ overlap

200 imp:n=0 $ Outside world

1 stl file=wrench.stl
2 stl file=bolt.stl
200 so 200 $ Outer boundary

Los Alamos
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Wrench and bolt defined with STLs.
Bolt turned 90 degrees. Green —
wrench bolt overlap.
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Manifold STL Requirements

®

STL must be manifold:
- Water-tight
— No holes or gaps

— Normals are oriented outwards

- All edges must connect to two faces.

MCNP quality checks:
— Flipped Normals

- Self-overlaps

- Non-manifold edges

- Self-intersecting triangles

Los Alamos
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>>> STL GEOMETRY: bunny.stl <<<
Triangles : 280
Building BVH H

Checking overlaps

[
Checking intersects: [
[

] 100% (70/70) -- 0.00 seconds
] 100% (280/280) -- 0.00 seconds
] 100% (70/70) -- 0.00 seconds
] 100% (280/280) -- 0.00 seconds

Checking manifold :

Validation Summary:
Triangles checked: 280
Flipped normals: 0

Sliver exclusions: 0 (flipped-normal flags excused; aspect ratio > 200.00)

Self-overlaps: O
Non-manifold edges: 0
Boundary edges: 0
Non-contiguous edges: 0

Self-intersecting triangles: 0

Error rate: 0.0%
Validation time: 0.00 seconds
Valid: YES

<<< STL GEOMETRY RESULT: bunny.stl

(OK)

(0 pairs)
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STL Advantages

Common format
* Output options from most CAD/CAM software

« Opensource tools available to modify and heal
non-manifold STLs.
- Blender (can script with python)

« Python packages available for creating or
manipulating STLs
— trimesh
- Manifold3d
- numpy-stl
- PyMeshLab
- meshio (mesh format converter)
- CadQuery (parametric construction and import)
- Open3D (convert point cloud to STL)
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STL Surfaces vs. MCNP Unstructured Mesh (UM)

m STL Surface Tracking Unstructured Mesh (UM)

Primary Domain Surface (Boundary) Representation Volume Mesh

Elements 2D Triangular Facets (Boundary shell) 3D Polyhedra

Role Functions as a Surface Card to define  Defines Volumetric Cells &
cell boundaries material regions directly

CSG Integration  Full CSG: Use STL surface IDs in Replaces standard CSG cells
standard cell cards for transport/tallies

Use Case Importing complex CAD surface Finite element analysis,
shapes into standard MCNP models detailed volumetric tallies
when detailed volumetric tallies are
NOT needed.
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Performance Comparison to UM

* Bulkhead shielding UM problem
— Test from our MCNP UM class
- 9 STL surfaces, 9 UM regions
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% Naive Translation(18,960 faces)

Cleaned (108 faces)
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Performance Comparison to UM

ICRP 145 Human Phantom
- 173 STL surfaces

Initialization
- UM initializes in 20.3 minutes

— STL initializes in 14 secs (3.6 secs without
checks)

- 84.7x faster with STL checks
- 339x faster without STL checks

Transport
— B8x faster

Memory

- 22x less memor
y STL model of ICRP 145 Female

,@ Los Alamos phantom rendered with MCNPG.
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Performance Comparison to CSG

« ZEUSZ2 Criticality Experiment
— Cylinders and Planes
— 38 STL surfaces
— 39 CSG Cells and 155 CSG Surfaces

Angle Performance
Resolution relative to CSG
(degrees)

1° 0.50

2° 0.55

4° 0.75

8° 0.65

STL model of ZEUSZ2 criticality
‘3 Los Alamos benchmark rendered with MCNPG6. 102026 14
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BobCAD to STEP-to-MCNP input

 BobCAD is a LANL product to query and
manipulate CAD geometry models

* |t has been extended to convert STEP files
into MCNP input along with associated STL
files.

Weldment STEP Test with 34 unique
parts and 108 components converted
with BobCAD and rendered in MCNP6
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Future work:

« Testing, testing, and more testing

» Optimization
* Memory reduction

1% Los Alamos

Engine V8 Turbo STEP Test from Autodesk Inventor 2018 with 158 unique
parts and 726 components converted with BobCAD and rendered in MCNP6.

Model by: Ivo Jardim
Source: steptools.com




®

Los Alamos

AAAAAAAAAAAAAAAAAA

Questions

Jeremy Sweezy

isweezy@lanl.gov

A bobblehead of the author
rendered using MCNPG6.
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