Sandia
National
Laboratories

Parallel Computing Sciences Department

CAD-based Monte Carlo Simulation
Using MCNP-X and CGM

Tim Tautges
Parallel Computing Sciences Dept., SNL
Engineering Physics Dept., Univ. of Wisconsin

MengKuo Wang, UW
Prof. Doug Henderson, UW

CUBIT Mesh Generation Project



Introduction @ Sond
What is FE mesh generation?

Laboratories
Parallel Computing Sciences Department

“““““““““““““““““““““““““““

Continuous domain | Discretized Domain Discrete Solution
(Geometry) § (Mesh) § (FEA Results)

| Geometry from CAD (SDRC Ideas, Pro/Engineer, etc.)

| Significant portion of time spent fixing, changing, cutting
up geometry
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Continuous domain Surface/Cell/other input

(Geometry) = (MCNP) =  MCNP Solution

1 1-0675-12-3 3 pz 50
2 0 -45-6 4 c¢cz5
3 0 -78-9 5 pz 60
#1 #2 6 pz 70
4 0 7:-8:9 7 ¢z 30
¢ surface card 8 pz-5
1 cz 20 9 pz 75
2 pz 10
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| Introduction

I CGM
» CGM Geometry Model
» C++ Interface
» Calling CGM From C

|  CGM-MCNP_X Integration
| Future Plans
| Summary
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| Solid geometry is widely used in simulation
» Larger simulations making it possible to resolve sm all geometric

features
» Linking directly to design enables design-based sim ulation, iterations
» Applications: adaptive refinement, flow over curved geometry,

monte carlo transport
| Geometry functionality found in CUBIT Mesh Generati  on
Toolkit encapsulated in CGM libraries

| CGM being integrated into FE codes (GOMA, SIERRA) a nd,
at UW, MCNP_X
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|  CGM is a set of libraries that provide non-manifold , solid
model-based geometry modeling for analysis applicat lons

Facet (CUBIT) | ACIS Pro E SolidWorks
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| What CGM is;

» A set of code libraries providing all the geometry support and most of
the geometry tools required by CUBIT

» An interface to ACIS, and other solid modeling engine(s)

» A set of tools providing added capability on top of ACIS
— Mesh- and facet-based representation (smooth & discr  ete surfaces)
— Non-manifold topology (detection & representation)
— Virtual topology

| What CGM is not:
» Its own solid modeling engine
» Simply a wrapper on ACIS

» A snapshot of the CUBIT geometry subsystem
— CUBIT links same CGM libraries as other CGM applica  tions
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Basic: Sense: Grouping;:

Vertex v/Volume

Face |\-

CoFace

CUBIT Mesh Generation Project \I




CGM User’s Guide @ﬁ;ﬂm
Three Components
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| Tools
» Implement functions not specific to any one entity
» Implemented as singleton (i.e. static) tool objects

| Topology

» Includes both topological entities and topology fun ctions called from
those entities

| Geometry
» Includes both entities and functions called from th ose entities
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| GeometryQueryTool, GeometryModifyTool

» Primary point of access for geometry

»  Static tool providing functions for geometry import /export, transformations, etc.
» Calls done using C++ singleton pattern:
CubitStatus result = GeometryQueryTool::instance()-> import_solid_model(...)
| MergeTool

» Converts manifold to non-manifold representation
— E.g. shared surface at material interface

» Two or more topological entities can be merged if t hey share like topology and
(within a tolerance) geometry

» MergeTool provides functions for detecting and mergi ng coincident entities
» Representation implemented in Geometry component

| Virtual Geometry: CompositeTool, PartitionTool

» Combines or splits topological entities into one/ma ny logical entities
— Retains underlying entity for evaluations

» Useful for removing small features, or for virtual decomposition
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| Topological entities and traversal between them are the
basis of most operations in CGM

» Traversal is implemented using a common base class of all

topological entities:
CubitStatus status = this_edge->ref volumes(this_volume_list);

» Actual graph implemented outside topological entiti es, for speed
| CGM topology can vary from solid model topology

» Non-manifold topology, composite/partition virtual geometry
Function Description
TopologyEntity::bodies(...) Return list of bodies related to the entity fromieth
TopologyEntity::ref xxx(...) the function was called.
(xxx=volumes, faces, edges, vertices) Similar for ref_xxx functions.
TopologyEntity::shells(...) Similar for shells, loops, co_faces, co_edges fanst

TopologyEntity::loops(...)
TopologyEntity::co_faces(...)
TopologyEntity::co_edges(...)
TopologyEntity::get_related_entities(...) Given a list of entities as input and a target tyfiipe,
return a list of related entities of that type.
Implemented as a static function.
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| Generic interface providing geometry guery function ality
| Actual representation can vary (virtual, mesh-based , etc.)
| Non-manifold topology implemented below this level, but
above individual representations
(BridgeManager)
To'pologyBridge
|
| Interface through — |
. .- GeometryEntity OtherSolidModelEntity
topological entities | | ,
[ |
Point Curve Surface Lump ShellSM CoEdgeSM
BodySM LoopSM
PointSM CurveSM SurfaceSM LumpSM

(XXXACIS)
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| CGM comprised of:
» 3 subdirectories: util, list, geom (plus geom/ACIS, geom/ProE, geom/facet and
geom/virtual)
» make.client, providing make macros for CGM clients
» Set of C interface functions into CGM classes
| CGM directory structure:
Directory Purpose Depends on:
$(SOURCE_DIR)/util Utility functions for other code CGM (none)
$(SOURCE_DIR)/util/OtherFiles| Configuration filesrfcompiling CGM on (none)
various platforms
$(SOURCE_DIR)/list Classes for lists, queues, athérocommon util

datastructures

$(SOURCE_DIR)/geom

Core CGM datastructure and ¢tzsses.

util, list, virtual

$(SOURCE_DIR)/geom/ACIS CGM interface to ACIS. gearl, list,
ACIS package
$(SOURCE_DIR)/geom/PROE CGM interface to PROE gadih,list

$(SOURCE_DIR)/geom/virtual

Virtual geometry compohédatastructure and
tools).

geom, util, list
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| Many C++ constructs cannot be used directlyinCco  de:

» Classes
» Member functions
» Qverloaded functions

| Best alternative Is to use a set of API functions w hich are
compiled in C++ but which are callable from C

| These functions are (will be) available soon foral | public
member functions in CGM

| Special handling conventions for:
Utility datastructure classes

» C++ object pointers

» Member functions

» Lists of object pointers

M

CUBIT Mesh Generation Project



Sandia
National

Why Use CGM? Laboratories

Parallel Computing Sciences Department

| Common interface to geometry in various formats:
» Solid model
» Facet-based (FE mesh, scanned/CT data, etc.)
» Virtual (CUBIT-specific representation)

| Reliability/Support
» CUBIT links it directly, unmodified
» Ifit's broken in CGM, it's broken in CUBIT too
| Leverages future CUBIT geometry work
» SolidWorks*, Pro/E** ports

» Automatic detail suppression (using virtual geometr y)
» Facet-based geometry modeling & model acquisition ( J. Fowler, H. Trease)
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| Code changes

| User input

| Calculation examples
| Timing results
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| New C++ main program, calls re-named MCNP_X main
» Necessary for initializing static C++ variables

| CGM-specific version of track() function added
» Calls CGM to find next cell and distance (dIs)
» MCNP_X version also called, and checked against CGM  result
» Returned values verified for correctness

| Makefile changes to include linking to CGM
mcnp_x : clean ${TARGETS}

include make.client

${FCC} -0 $@ ${LDFLAGS} -L mcnpf _x -L mcnpfd_x -L mcnpc_x\
-L gvaviv_x-L lcs x-Llcsd x ${TARGETS} ${LOC_X11 LIB} ${LINKTO_ X11}\

-L/opt2/SUNWSspro/SC5.0/lib -IF77 -IF77_mt \
-IM77 -Isunmath -Im ${COPT}\

${LFLAGS} ${GEOM_LIBS_LINK} ${EXTRA_GEOM_LIBS_LINK} \
${GEOM_LIBS_LINK} ${CUBIT_SYS_LINK}

@${ECHO} "$@ completed."
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| Construct geometry in CUBIT (or CAD tool)
| Geometry read into MCNP_X/CGM from ACIS file “inp.s at”
| Bodies referenced by id, same as cell number

Currently no modifications to MCNP_X input required

| Eventually:
» Add user option to use/not use CGM geometry
» Add option to reference bodies/cells by name or id number

MCNP_X: MCNP_X/CGM:

testprob - np testprob - np

1 1 -0675-12-3 c cell cards: <body _name> <mat#> <density>
2 0 -45 -6 ‘cyl_shield’” 1-0.675

3 0 -7 8 -9 #1 #2 ‘detector’ O

4 0 7:-8:9 ‘world” 0

¢ surface card

1 «cz 20

2 pz 10
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Construct geometry in CUBIT: Construct in MCNP X:

Cylinder radius 30 height 80 1 1-0675-12-3 3 pz 50
Cylinder radius 20 height 40 2 0 -45 -6 4 cz5

Body 2 move z -5 3 0 -7 8 -9 #1 #2 5 pz 60
Cylinder radius 5 height 10 4 0 7:-8:9 6 pz 70
Body 3 move z 65 ¢ surface card 7 cz 30
Unite 2 3 1 cz 20 8 pz -5
Subtract body 2 from 1 keep 2 pz 10 9 pz 75

CUBIT M
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| 2 MeV gjsource
| Pair production peak (.511 MeV), backscatter

||
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Running Time Num of Speed Normalized

(Min) Particle (Number/Min)  Speed
MCNP_X/CGM 1 37882 37882 1
MCNP_X 1.01 767344 759746 20.05

| Sun Ultrall 300 MHz

| Common problem with CAD-based monte carlo analysis

| Several possible fixes:
» Aggregate calls to ray intersection function
» Approximate ray intersections using faceted model*
» More direct (but still generic) call to solid model object
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| Literature survey
| Speed benchmarking
| Speed enhancements

| Functionality enhancements
» Demonstrate links to SolidWorks, Pro/E engines

» Association back to FE mesh
» 7?7

| Usability enhancements
» Input processing in MCNP_X to reference bodies, sur  faces by name/id
» Design to Analysis ideas (materials, BC's, MCNP tal lies, etc.)
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| CGM code, libraries immediately available to:
» SNL/LANL/LLNL
» NWC facilities

| CGM libraries available with no-fee license to:
» Research institutions (i.e. universities)

| Other customers:
» License required
» Anticipating no fee in most cases
» Any CUBIT licenses cover CGM too

CUBIT Mesh Generation Project



Sandia
National

S umm ary Laboratories

Parallel Computing Sciences Department

| Proof of concept complete
» MCNP_X/CGM uses CGM geometry functions
» Gets right answers
| Usability benefits
» Rapid analysis of complicated CAD models
» Analysis of biological, other facet-based models
| Lots of other things possible

» Geometry acquisition for biological models automated MC analysis
for treatment planning

» Association with FE mesh couple MC analysis with structural, other
FE-based computations

» More integrated D2A framework further improvements in overall
analysis process
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| More information:

http://legacy.ep.wisc.edu/~tjtautg/CGM.htm

http://legacy.ep.wisc.edu/~tjtautg/CGM-report.htm
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