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Motivation

Goal
Improve efficiency of DoD acquisition engineering by reducing
time, cost and risks in research, development and
sustainment of weapon systems

Approach
o Develop Next-Generation Computational Solvers &
Optimizers
o Insert More (Multi) Physics-Based Analysis Earlier in the
Design-Cycle

Critical Hurdles

Human Effort & Calendar Time to Produce an Analyzable
Representation (Model) of a Design or System

Significantly more time is often spent in ‘preparing’ the input
data needed by solvers than is used by the solvers to solve it.
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Computational Research and Engineering Tools and HPCE"
Environments (CREATE) Program Focuses on Four

Project Areas
® Air Vehicles (AV)—Air Force, Army & Navy

— Aerodynamics, structural mechanics, propulsion, control, ...
® Ships—Navy

— Shock vulnerability, hydrodynamics, concept design
® Radio Frequency (RF) Antennas—Air Force,

Army & Nz

® Mesh and Geometry (MG) Generation
— Rapid generation of mesh and geometry representations
needed for analysis

Seakeeping and
resistance

£ ; -yq]
- P 3 o . .

\Aircraft and aircraft carrier meshes \ Military platforms With antennas \Shock vulnerability
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“Let no one ignorant of geometry enter” - Plato

Geometry needs to be appropriate for analysis and meshing
e Valid
* Dimensionally correct (1-,2-,3-D or mixed-dimension, non-manifold)
* “Water-tight” (no gaps), non-self-intersecting
* Accurate
 Match a shape to a given tolerance
* Maintain the accuracy and rate of convergence of the solvers/code

Meshing needs to be appropriate for physics and discretization

What takes time and effort ?

* Geometry repair/clean-up

* De-featuring (geometry good for Physics A is not suitable for Physics B)

* Lack of automation and robustness in meshing (all-hex, complex boundary layers)
e Attribution, multi-component model preparation
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CREATE-MG: Mission Summary

Develop Capability and Tools for:

Rapid, Scalable and automated generation of analyzable representations (geometry, mesh,
attribution data) for accurate and scalable physics-based solvers

Enabling:

* Multi-physics based analyses earlier in the design process
v’ Rapid turnaround time and automation key to effective design optimization

* Generation and adaptation of meshes for complex and hi-fidelity analyses
v Reduce time and human effort needed to prepare complex geometries for meshing that is
suitable for given (multi)-physics and accuracy needs

Key Technical Challenges:

* Analysis-suitable geometry-preparation
o Automation of geometry clean-up, repair and de-featuring
* Automated hexahedral mesh generation
o Hex-dominant, all-hexahedral (unsolved)
* Automated, high-quality boundary-layer meshing for complex geometries
* Parallel (distributed) mesh representation, generation and geometry-based adaptation
o Needed for ultra-large meshes for high-fidelity analyses
* Multi-scale geometry and mesh modeling
o Complex antenna patterns (nm-mm) integrated into large structure O(100)m
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CAPSTONE Critical Requirements

ID Description

MG-00 Geometry Import (CAD/kernel-native, IGES, STEP)

MG-01 Parameterized Geometry Creation

MG-02 Dependency-based Associative Modeling

MG-03 Geometry Repair

MG-04 Model De-Featuring & Idealization

MG-05 Robust Surface Meshing Algorithms

MG-06 Robust Volume Meshing Algorithms

MG-07 Geometry-based Mesh Generation & Adaptation

MG-08 Multi-Scale Models

MG-09 Legacy Component Integration

MG-10 Analysis Model Attribution

MG-11 Accurate and Scalable Runtime Geometry Access

* Each requirement manifests into one or more usecase(s)
» Usecase(s) drive development of specific capabilities
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Capstone — Overview

Capstone provides geometry and meshing needs for all
phases of acquisition engineering (conceptual-,
preliminary-, detailed-design and operational-support)

CAPSTONE: SDK

CAPSTONE: GUI Enable parametric, associative geometry and

meshes in AV:DaVinci, Ships:RDI;
Produce analyzable representations for geometry-based mesh adaptivity
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Capstone Architecture and Usage HEC{
Notional (High-Level)

User Il workstation

User | workstation

DaVinci

API Layer “—>

W, Sentri
» ° ) |
Mlmodule Libraries [3]]3

Kestrel

Other CREATE Products

LEAPS &
Others

Parasolid

Helios

Mesh Data Attribution
—— .. Data
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CAPSTONE User Types

User Type
* Analysis Data Modeler
» End-user who creates analysis-suitable mesh from geometry which may be
* imported from existing (legacy) description
» created from scratch
* Not expected to be a developer (programmer)
* Typical example- bench-engineer (analyst) doing
« analysis of existing aircrafts for specific maneuvers
« analysis of shock damage for a ship configuration
« analysis of complex antenna systems

* Design Tool Creator
» Users (team) producing a tool (environment) for rapid evaluation of conceptual/early
designs
» Expected to be developers (programmers)
» Typical examples would be AV-DaVinci and Ships-RDI team

» Analysis Code Developer
» Developers of physics-based CBE analysis tools
» Expected to be developers (programmers)
* Typical uses- geometry-based a-posteriori adaptive-analysis
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Capstone Architecture and Impact

® Well abstracted reusable functional modules

— Three main modules: Geometry, Mesh and Attribution
— Well defined APls

— Reusable Functions built on top of basic module APIs
® Functions may be reused to build more high-level functionality

® Extensible using plugins

® All the core capabilities can be reused using the SDK

— Capstone frontend (GUI) itself uses the SDK
— DaVinci is built on top of Capstone SDK, RSDE embedding it
— CREATE solvers plan to reuse the SDK for geometry-based adaptivity

— Kestrel, Helios, Sentri
— Army ERDC ITL excited about embedding the SDK in their meshing tools
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DOD

MODERNIZATION PROGRAM

Anisotropic surface meshing
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MODERNIZATION PROGRAM

Moving/Rotating parts

Support for meshing suitable for
rotating part based on overset
approach.
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Multi-body meshing for store-separation
analyses

m Advanced Mesh CREATE User-Pl

b Primitives Creation

% Region Creation from Faces
& Lofted Region Creation
@ Create Enclosing Region around a BRep
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Sliding-Plane Boundary Layer Meshing

User-PIugins Views Config/Help

CREATE-AV >

. ~ Sliding Faces Creation
| CREATE-RF

1 lj . . )} |
| CREATE-SHIP , & Regions Pulling-Out from a Model

| TERRANMODELNG  » "5 00 5 %

Sliding Faces Creation

% Please select a face in the groove where the sliding interface is to be positioned

Sliding Interface V1

Vien 0.

Angle |90

Select a Face To infer some data

Deduce Parameters from Selected Face

&

Q
‘a0

N
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Near-body mesh cutoff and export

| Physics Atrbutes | Meshing Atrbutes f

Attribute Info
& Mesh Periodicity
v (3} Mesh Export Cutoff
v (5} MoshCutoff_ | otaces
NumLayers 0
Distance 0.24

v ¢p Faces Mesh Duplications

p FacesMeshDuplication_1 | 2 faces

VAV
T

AN
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Mesh Layer based cut-off
User input or Preexisting Cut-Off?)

Boundary Definition | MeshCutoff_ A

Cut-Off Type
Max Number of Layers: N/A

Max Distance: 3.42387

ONumbarofLayers (

@osmn (]

M Display Boundary Wireframe

| Close |
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Strand mesher integration HER

® Stand-alone API from SDK:

capstone_generate_strand(distrib,thickness,smoothingPasses,strands, face);

® Graphic display in Capstone

[ ] i File Edit Points Curves Surfaces Solids Advanced Mesh CREATE User-Plugins Views Config/Help WO 4 = 0 100G Mon2:42PM Aubry Q iE

PN £ | %2 |\ R & | R [BR[ | oeermos rams i) o of o
L= (7 : NE RO REARART DT
5oL MO BB LS

Gontor Goomety Model

L] ooner [ Qs ) o [ o1

Q&5

(7o HE<s 00 v s

Y,

E0 rciues |
(o Shew Orly Soocton

Verex & Searcn

Model
1 Brops, 0 Selectod, 1 visible
4 Roglons, 0 Salectod, 1 visible

v 29 Fa

88 Edgos, 0 Selected, 88 visible
51 Vorticss, 0 Salected, 51 visiblo

NI
KN
Nl

Bz [

(TN vestion Acsvutes | Specal
g e TN oo poperes

Select the goometry faces to buid trand from

Strand Parameters ®: || Rename | Goupngs 5] | X
Tckress [0 A,
Distibution  [0.102030405060708 1
Unform
smoating s 2] Passes
Galcuiata For Selected Toppologies
Close.
Process {SavecroaieDai] sared
Numoor ofBreps.
Process [SaveCroateDaa] CPU : 0885801 soce, WALL: 0 socs, MEM : 1 M.
Process [SaveCroatoDaa) sared
“Number of Brope = 1
Process [SaveCrosieDaia] CPU : 0909618 soce, WALL: 0 socs, MEM: 1 M.
siang.ce suuB
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Kernel-independent Tessellation

* Solution for the kernel’s inability to tessellate its own geometry!
* Also used for LEAPS where it depends on Capstone to provide it

T

5
2

X

Capstone
Page-22



N

= N OF

=
<
&
&
o
g
g
z
[
<
N
z
g
&
a
)
=

Surface BL

S5
oo

Pl
M
g
%-mw;
i

Ny

v
O
o

VAV,
!
2%

"a
Avavas

%

Y

AV
5

i
7 :ﬁa
[kl

{
e

K

VAN
AT
Vava TAVavava
T A Pt v e

v

=
KK

ardlis:
e

i
Tl
A
,ﬁiﬁﬁia%%is«v‘gév )
e e U NGRS
R g...w%‘azvz:- A R
T vigaswssﬂ%aﬂaﬂ oKLk

U O 0
AT AVVIN A
,,;%i,,.u,‘.,.%»%”%m,«w%mmM.
RIS

-apstone
Page-23




Quick analysis of model
checking for

— |GES/STEP related issues such
as topology validity

— Constraints from small edges &

Edges Validity ) .
Topology Validity Check Verifies end-vertices are at the end of the edges O S u re C e C 0 r m a n I o
Unused Entities Vertices/Edge Distance Relatve to the Edge Length
Small Edges Min / Max (% of edge length) 0/8.85538 . t t.

Max Distance Theshold (% of edge length) 0.5 S I u a I O n S -

Visual Location Check

Edge #81 dist = 8.85538 % of edge length
Edge#34 dist = 0.551267 % of edge length

T e Ability to repair some defects

Repair Options | Delete Edge#94 & Face#44 Face#76 Region#1

[ Repair ]

Repair panel extendable as

more complex check will be
added

| Close |

Goal is to improve turnaround time and robustness
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Improving turnaround time

IGES Import (dirty) Ready to mesh (clean)

~5 min ~5 min
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oD

Capstone Impact: Design it better, faster —
and cheaper! ascpiiot project

PR
Project Help ° ol (A< |2l 1| (R [y e Noma SH" ~h=I N I I f Goomety [ &) ba94a78-1180 4oo1-5bas 6.4) Mesh [ | mocel 114
Projects Workbench Component Library P (P W) (P %) F<i ector:00
@ Transpont Geometry for Flying Wing x wing x  Flying Wing % #\ Complib (“ModelBreps  Explorer  Acributes
@ wing M\ MyComponents )
[ vTail o
t fuselage Y - pdei call
'“““ Isometric4 & Reset Zoom ) Mesh Level | 9 ¢ & )
@ hTai Q
n2
& wions Q
[ ging Wing| g
& wing
& Airfoil
ics Meshing Atributes
(8o _Bounderyaye wosiing__Perod
[FGonersil Topos
®
Ca pstone
- @
0 Based Sizing pois on ®
. . :
DaVinci e pommr——

Kestrel

* Huge impact in avoiding cost later
* Recipe-based (kernel/CAD agnostic)

From AIAA paper by Greg Brooks (AV-Shadow Ops)
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Capstone Impact: Automated Ship
Modeling

Before Capstone:
* Manual
* Took 1 year
* Could produce invalid meshes
D)
With Capstone:
* Automated

* Month or less
* Valid

(d)

Critical for enabling
Computational Full Ship
Shock Tests

Huge improvement in turnaround time!
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DOD

Weapon System Acquisition Kept on Track

In a recent Acquisition Program, the government review board found that, for one critical
criterion, the contractor had neither the computational tools nor the skill set to perform the
necessary design study. To avoid delay in the delivery of this system, government personnel
stepped in and analyzed the device using HPCMP CREATE™ RF SENTRI and Capstone
software for multiple design configurations. SENTRIi was also used to determine the range of

input parameters that met the government’s functional requirements. As a result, a design was
chosen and the system was fielded on schedule.

e e T e e ™ HPCMP CREATE™ SENTRI software and
L ST T HPCMP computer resources enabled:
® Virtual prototyping with SENTRi and
Capstone enabled an appreciable
reduction in time and expense (parametric

Anf,;nnwmm o v S,Ze S% : physical model construction and testing
~ 100's of Watts AVA would otherwise have been required).

| Vinch Square |, ® Project Chief Engineer stated: “The
SENTRI supported study provided user

command confidence in the acquisition of

the device” allowing it to go to production

® The government analyst was nominated
for Outstanding Programmatic
Achievement.

Many Antennas per Vehicle
Cause Significant Interference

HPCMP CREATE™ resources and expertise enabled the antenna to be fielded on
schedule and meet its functional requirements.
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Closing Remarks

» Effective use of computationally-based tools is a key to
improving efficiency of research, development, and
sustainment of defense systems

* CAPSTONE is developing geometry, meshing and attribution
capabilities that are filling specific gaps

» Significantly reduced time and effort for geometry preparation and meshing

* Enable accurate and scalable geometry-based adaptive analysis

* Provide a common geometry and meshing infrastructure for CREATE-
developed solvers and design tools/environment

* Current release 5.0.1 provides significant capabilities that
solve several usecases of DoD interest
* Increasing adoption within DoD acquisition community
* >100 exclusive/unique users of Capstone
* >500 cumulative users with other CREATE-developed tools
* More information at : https://create.hpc.mil
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