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DTA (Design Through Analysis) Challenge 
Requires Careful Evaluation and Response

• Problem

– Engineering Transformation Depends on DTA Advances

– Responsiveness a Critical Factor for Success

• Constraints

– Diverse Analyses

– Complex Geometries

– Plethora of Tools Required

– Large Machines & Data Sets

• Solution

– Careful Evaluation of Process & Bottlenecks

– Core Technology Development

– Federated Integration via Metadata



Understanding the DTA Process Allows 
Targeted Development & Directed Impact
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1. Invest In Geometry And Meshing

Solution Strategy

2. Federated Integration Via Metadata



Strategy 1: Investing in Mesh and Geometry 
Reduces the Major Time Constraints

• Geometry
– CAD Best Practices Cultural Change

– Direct CAD Integration

– Geometry Power Tool

• Problem Discovery

• Automation of Probable Fixes

– Virtual Topology Strengthening

• Automated Cleanup

• Defeaturing

– Dimensional Reduction

• Meshing
– All-Hex Research

– Topology Tolerant Meshing



Geometry Power Tool Provides
Fast Finds and Fixes

• GUI feature focused on geometry cleanup
– Potential problems identified

– Problem visualization

– Remedies close at hand

• New operations
– Collapse Small Angle

– Split Surface

• Substantive Time Savings
– Open-Ended Tests



Virtual Geometry Angle Collapse Shows 
Power of Flexible Topology



Promising Hex Research
Insures Significant Impact

Paving - 2D (1990)
•Initial boundary nodes defined
•Advancing front by discrete elements
•Creates skewed elements in thin surfaces

Plastering – 3D 
(1992)
•Initial quad 
boundary defined
•Advancing Front by 
discrete elements
•Cannot resolve 
interior voids

Unconstrained Paving – 2D (2005)
•No initial boundary nodes
•Advancing front by discrete geometric layers
•Layer-by-layer placement

Unconstrained Plastering – 3D (2005)

•No initial boundary quad mesh
•Advancing front by discrete geometric layers
•Sheet-by-sheet placement
•Under active research and development



Unconstrained Plastering:
Moving Forward Rapidly
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Example Model

Incomplete Sheet is completed by proximity resolution during sheet advance



Example Model

Unmeshed Void

1 DOF

2 DOF

3 DOF

0 DOF



Example Model

Incomplete Sheet is completed by proximity resolution during sheet advance



Example Model

Unmeshed Void is now Convex
and Topologically sweepable
so we stop advancing fronts
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Unconstrained Plastering
No manual decomposition

Minimum Scaled
Jacobian: 0.578

1 User Command



Example Model - Summary

Minimum Scaled
Jacobian: 0.503

7 User Commands

Single Sweep:

Minimum Scaled
Jacobian: 0.276

1 User Command

Unconstrained
Plastering:

Minimum Scaled
Jacobian: 0.578

1 User Command

Partition-and-Sweep:

Minimum Scaled
Jacobian: 0.503

7 User Commands



0

50

100

150

200

250

300

350

O
c
t-

0
2

D
e
c
-0

2

F
e
b
-0

3

A
p
r-

0
3

J
u
n
-0

3

A
u
g
-0

3

O
c
t-

0
3

D
e
c
-0

3

F
e
b
-0

4

A
p
r-

0
4

J
u
n
-0

4

A
u
g
-0

4

O
c
t-

0
4

D
e
c
-0

4

F
e
b
-0

5

A
p
r-

0
5

J
u
n
-0

5

A
u
g
-0

5

O
c
t-

0
5

D
e
c
-0

5

F
e
b
-0

6

A
p
r-

0
6

J
u
n
-0

6

CUBIT Usage up 5X over 2 years
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CUBIT 10.1
Tolerant Imprint
Element-centric

Collapse Curve, Surface

CUBIT 10.1
Tolerant Imprint
Element-centric

Collapse Curve, Surface
CUBIT 9.1

Metadata
Hex, Tet 

Refinement

CUBIT 9.1
Metadata
Hex, Tet 

Refinement

CUBIT 9.0
Graphical User 

Interface
Mesquite

CUBIT 9.0
Graphical User 

Interface
Mesquite

CUBIT 10.0
Granite Port

Auto Mesh Sizing
ID-less Journals

CUBIT 10.0
Granite Port

Auto Mesh Sizing
ID-less Journals

CUBIT 8.1
VTK Graphics

CAMAL

CUBIT 8.1
VTK Graphics

CAMAL

Sandia Usage

External Usage



•3M
•AFRL/MNMW

•Argonne National Laboratory
•Arizona State University

•Asbury College
•ATK Missile Systems Company, 

LLC
•Atomic Weapons Establishment 

(AWE)
•Bechtel Nevada

•Boston University Biomedical 
Engineering Program

•Brookhaven National Laboratory
•Brown University / Computer 

Science
•Bulgarian Ship Hydrodynamics 

Centre,  L.L.C.
•California Institute of Technology

•Centre de Recherche SSI
•Charite-Universitatsmedizin Berlin, 

CMSC Research Labs
•Children's Hospital Boston

•Chonbuk National University
•Columbia University, Office of 

Education and Scholarly 
Resources

•Commissariat a l Energie 
Atomique

•Corvid Technologies
•David A. Metzler

•DE Technologies, Inc.
•Delft University ofTechnology

•DKFZ German Cancer Research 
Center

•Dominca
•Duke University
•Dynetics, Inc.

•Ecole de Technologie Superieure; 
Departement GPA
•Expert Office Lung

•Fachhochschule Hof (University of 
Applied Sciences)

•Fermi National Accelerator 
Laboratory

•Florida Institute of Technology
•Georgia Institute of Technology

•HLRS
•Hosei University IT Research 

Center
•Idaho National Laboratory / 

Battelle Energy Alliance
•Illinois Institute of Technology

•Institut fuer Werkstoffe
•Institut fur Technische Mechanik

•Istituto Nazionale di Oceanografia 
e Geofisica sperimentale-OGS
•ITER Garching Joint Work Site

•ITT Industries Advanced 
Engineering & Sciences

•Jacobs Sverdrup
•Jan S Hesthaven

•Jay Thomas
•JPL

•Knolls Atomic Power Laboratory
•Laboratoire de Sismologie, Institut 

de Physique du Globe de Paris
•Laboratory of Mechanics & 

Technology
•Lawrence Livermore National 

Laboratories
•LGIT

•Los Alamos National Laboratories
•Louisiana State University, 
Department of Mathematics
•Louisiana State University, 
Department of Physics and 

Astronomy
•Lund Institute of Technology, 

Dept. of Electrical Measurements
•Medical College of Wisconsin, 

Neurosurgery
•Monash University/Mechanical 

Engineering
•Morgan State University

•Munich University-Geophysics 
Department of Earth and 
Environmental Sciences

•NASA MS 5-10
•National Central University

•National Institute of Standards and 
Technology

•Naval Air Warfare Center 
Weapons Division - China Lake
•Naval Surface Warfare Center 

Carderock Div
•Naval Surface Warfare Center 

Dahlgren Division
•NAWCWD - China Lake -

478200D
•Network Computing Services, Inc.

•Northwestern University
•NSRRC

•NUWC - Naval Undersea Warfare 
Center - DOD

•Old Dominion University - VMASC
•Paul Scherrer Institut

•Penn State High Pressure 
Combustion Lab

•Penn State University / Applied 
Research Laboratory

•Pittsburgh Supercomputing Center 
(ATTN: PSC)

•Politecnico di Milano, Dipartimenti 
di Ingegneria Strutturale

•Rice University
•Rutgers University

•RWTH Aachen University, CATS
•Science Applications International 

Corporation (SAIC)
•SFA Inc

•Stanford University, Department of 
Materials Science

•Technical University Munich
•Technosoft, Inc.

•Teledyne Brown Engineering
•Texas A&M University, 

Department of Aerospace 
Engineering

•The George Washington 
University

•The Ohio State University -
ElectroScience Laboratory

•The Royal Inst. Technology, 
Division of Hydraulic Engineering

•The University of Auckland
•The University of Iowa

•Thomas Jefferson National 
Accelerator Facility

•Tokuyama College of Technology
•Trident Consulting Group, Inc.

•Trinity Centre for Bioengineering
•Trinity Centre for Bioengineering

•Tulane University, Biomedical 
Engineering

•U.S. Army ARDEC
•U.S. Army Engineer Research & 

Development Center
•U.S. Army RDECOM

•U.S. Army Research Laboratory
•United Defense

•Universidad Politecnica de 
Valencia

•Universidade Federal do Rio de 
Janeiro

•Universitat de Girona, Escola 
Politecnica Superior

•University of Alabama at 
Birmingham

•University of Antwerp / Theoretical 
Neurobiology Lab

•University of Arizona / Aero & 
Mech Engr Dept

•University of California, Los 
Angeles MAE Department

•University of California, San Diego
•University of Colorado at Boulder
•University of Colorado; Aerospace 

Engineering Department
•University of Dortmund

•University of Edinburgh, School of 
GeoSciences

•University of Edinburgh, School of 
Informatics

•University of Hartford; College of 
Engineering

•University of Illinois at Chicago; 
Biomechanics Research

•University of Illinois at Urbana-
Champaign

•University of Kentucky
•University of Malaysia, Computer 

Science and IT

•University of Minnesota
•University of Missouri - Kansas 

City
•University of Oslo, Physics of 

Geological Processes
•University of Rome Tor Vergata

•University of Southampton
•University of Southern California

•University of Stuttgart
•University of Stuttgart; Institute of 

Applied Mechanics 
•University of Texas at Arlington
•University of Texas at Austin

•University of Tokyo, Collaborative 
Research Center

•University of Twente
•University of Utah, Chemical 

Engineering Department
•University of Virginia, Dept. of 
Mech. and Aero. Engineering

•University of Virginia, Dept. of 
Mech. and Aero. Engineering

•University of Washington
•University of Wisconsin, Fusion 

Technology Institute
•University of Wisconsin, Madison
•University of Zaragoza, Aragon 

Institute of Engineering Research (
•Unversity College London

•US Army, Natick Soldier Center
•Army Research, Development and 

Engineering Center - Tank-
automotive and Armaments 

Command
•USAF / AFNWCA (AT)
•UT-Battelle, Suite 100
•Vanderbilt University

•Washington State University
•Weidlinger Associates, Inc.
•Woods Hole Oceanographic 

Institution
•Zhejiang University

CUBIT Licenses 2004 - 2006
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Strategy 2: Federated Integration Via Metadata 
Provides Connectivity at Minimal Cost

ProE

CUBIT

SIMBA

Ensight

AHP

ESAW

APC

WISDM ASETS

PARAVIEW



APC and Metadata Layers Provide Needed 
Connectivity

Post ProcessingSimulation ProcessingAnalysis Solid Modeling 
(ASM)

Model AssemblyMeshingDesign Solid Modeling 
(DSM)

APC

Metadata

CUBITPro/E

Solid Model Metadata
Solid Model + Mesh 

Metadata

PATRAN

SIMBA

Solid Model + Mesh + Physical Metadata

Materials
WISDM

Sandia Analysis
Codes

COTS Analysis
Codes

Exodus II Mesh 
(*.g file)

Exodus II Mesh 
(*.g file)

Solidworks

ASM
ACIS Geometry
(*.SAT, *.SAB)

ASM
(Pro/E File)

.CUB
(Restart-Like)

Journal File
(cubit0.jou)

many

STEP File

Proprietary
Local State
(XML file)

COTS Analysis Input File
Nastran .BDF
ABAQUS .INP

ASCI Input File
(*.i File)

Output File
(*.o file)

Restart File
Exodus II

History File

ParaView

Ensight

SimTracker

Translators

Metadata 
Generator

Solid Model + Mesh + Physical + Simulation 
Metadata

DTA Process Data Model

Movie File

Image File

Plot File

Movie File

Image File

Plot File

Sierra 
Concat 
(EPU)

Ensight SOS FilesASM
(SolidWorks File)

Solidworks

DSM
(SolidWorks File)

DSM
(Pro/E File)

STEP File

Pro/E

Metadata 
Generator

COTS Analysis Output File
Nastran

ABAQUS

Nem_slice/
Nem_spread

Spread Exodus II 
Mesh + Results

(*.e file)

Spread Exodus II 
Mesh

(*.e file)

Exodus II 
Mesh + Results

(*.e file)

Open Architecture: A software architecture based on well 
defined interfaces between the core (generalized) software 

components.



XML Metadata Schema Allows Flexibility and 
Agility While Maintaining Interconnections

Assembly and 
part structure

As designed material 
information

CAD model to mesh 
associations

Material model 
informationMaterial to mesh 

associations



Massive Customization May Provide Needed 
Automation with Minimal Investment

• Highly Customized
– Vertically Integrated

– Expert Analysts & Designer Collaboration

• Cloaked Complex Physics Suite
– Hidden Complexity

– Carefully Exposed Options

• Rapid Local Development
– Analyst Owned

– Requires No Release Cycle

– Run-Time Customizable

– Plug-In Philosophy

• Industry Tool Suite
– VGL / QT / Python



Summary Points

• Analysis Throughput 
Critical to M&S Success

• Strengthening Core 
Tools (Geometry and 
Meshing) Reduces Major 
Bottlenecks

• Federated Environment 
Provides Integration 
While Minimizing Costs


