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P Next Generation Simulation Development - NGS(D)

Originally motivated by the Lab goal of cycle reduction

The NGS project is a strategic initiative to reduce the turn-around time of ModSim-based
problem solving in design, qualification and surveillance.
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2 " Separate user intent from
tedious steps of executing it
Robust automated meshing &

scripting enables workflows
Componentized technologies
provides scalability

Intuitive user experience: Fast model creation: Solutions with credibility evidence:
Support the users intent! Minimize CAD clean-up! Solution verification (geometry capture
Consistent, simplified user experience  Capture important features, gracefully — metrics, solution error estimation),
across the toolchain, ignore others sensitivities, reproducibility
context-specific workflows Automated, parallel in-situ tet meshing

How does NGS(D) deliver?‘



‘4

,/How do we help
engineers?
Deliver processes

Make good tools.
Do it again. Mature
solutions.

/" Delivering processes, products, & technologies for engineering

Ux

intuitive user
interfaces

fast/adaptive model
creation

credibility for decision
making

Q3 deliverables

technologies
drive scalability
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Deliver products !
UX dri ve's story story
technologies
CAD context scripted results HPC
WebUI . . L ere
Common € viz driven Ul workflow Viz accessibility
components &
strategies provide a Morph overlay improve mesh FE
: ture CAD ,
path forward Emend creation capture quality toolbox workflow
Deliver technologies :
shared SGM automation error & data uQ
w/ML size fields repositories V&V




E Deliver context driven workflows on the frontend

intuitive user
interfaces

,/ With exposed left-hand navigation, we provide a context-specific workflow to users.

/ Setup Analysis
v Modal Analysis

Setup Meshing, Specify Cell Size

o Setup Analysis

° Setup Meshing
Specify Cell Size

o Define Materials

o Assign Materials

o Boundary Conditions

e e oo 00 0 o P

Assign Materials View Results
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v Modal Analysis

o Setup Analysis

e Setup Meshing
Specify Cell Size

o Define Materials
o Assign Materials

o Boundary Conditions

import sierra

# Setup Analysis

geometry = sierra.Geometry()
geometry.import_file('./RingSurfaceName.stp')
hpc = sierra.HPCJobSubmission()

# Setup Meshing, Specify Cell Size
morph = sierra.Morph()
morph.set_size(0.218)
morph.set_geometry(geometry)
morph.set_excluded_volumes({})

# Define Materials for SD

sd = sierra.SDEigenAnalysis()
sd.set_wtmass(0.00259)
sd.add_material(2.75e+7,0.265,0.285,'steel')
sd.add_material(9.86e+6,0.320,0.0928,'aluminum’)
sd.add_material(1.88e+7,0.350,0.162,'titanium’)

# Assign Materials for SD
sd.assign_material(3, 'aluminum’)
sd.set_number_of modes(20)
sd.set_mesh(morph)
sd.set_output_filename('RingSurfaceName.e’)

/" Deliver Python scripting on the backend

,/ Consistent w/left-hand navigation, we provide the corresponding Python script

fast/adaptive model
creation

# Boundary Conditions and Interfaces
connections = sierra.MorphSDConnections()
connections.set_morph(morph)
connections.set_sdeigenanalysis(sd)

# Submit Job

hpc.set_runnable(connections)
hpc.set_machine_name('ghost')
hpc.set_number_processors(8)
hpc.submit_job('fy150075','/nscratch/jwfoulk")
hpc.download_return_files()

# View Results
sd.write_viz_input_deck(sd.get output_filename(),hpc.get remote_ path(),"Ib")




/ Continuous improvement through user feedback

/4
‘ Step 1: Users provide feedback
while attempting to work through

the workflow

Step 3: Implement changes
rapidly & iteratively
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Step 2: Document feedback;
discuss & prioritize as a team
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workflow

WebUI

CAD
Viz

/" Technologies let the workflow do more

Morph
Emend

intuitive user
interfaces

fast/adaptive model
creation

context
driven Ul

overlay
creation

shared

scripted
workflow

capture CAD

SGM

results
Viz

improve
quality

automation
w/ML

HPC
accessibility

mesh
toolbox

error &
size fields

FE
workflow

data
repositories

uQ
V&V

workflow

import sierra

# Setup Analysis

geometry = sierra.Geometry()
geometry.import_file('./RingSurfaceName.stp')
hpc = sierra.HPCJobSubmission()

# Setup Meshing, Specify Cell Size
morph = sierra.Morph()
morph.set_size(0.218)
morph.set_geometry(geometry)
morph.set_excluded_volumes({})

# Define Materials for SD

sd = sierra.SDEigenAnalysis()
sd.set_wtmass(0.00259)
sd.add_material(2.75e+7,0.265,0.285,'steel')
sd.add_material(9.86e+6,0.320,0.0928,'aluminum’)
sd.add_material(1.88e+7,0.350,0.162,'titanium’)

# Assign Materials for SD
sd.assign_material(3, 'aluminum’)
sd.set_number_of modes(20)
sd.set_mesh(morph)
sd.set_output_filename('RingSurfaceName.e’)

# Boundary Conditions and Interfaces
connections = sierra.MorphSDConnections()
connections.set_morph(morph)
connections.set_sdeigenanalysis(sd)
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7/~ Enabling technology: Morph/Emend e capture CA
,/ A: If we employ improved tetrahedral elements, we can conduct TF/SD/SM with tets
‘4 A: Filling a well-defined volume is easy. Filling it with high-quality tets is harder
A: Filling an ill-defined volume, “bad CAD"”, with high-quality tets is even harder
BCC Lattice background grid
CAD Surface-Edge CAD Curve-Tri CAD Vertex-Tet
1 Cutting Option 4 Cutting Options 11 Cutting Options
+ 2 Snapping Options + 3 Snapping Options + 4 Snapping Options
3 Total Options 7 Total Options 15 Total Options

FAD -
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NOTE: Choose the option with highest element quality (> 1 metrics)




,/ Emend builds on Omega_h, an open source library for
<4 mesh adaptivity with a focus on topological

operations such as swaps and collapses. partial
geometry <
capture
3-2 swaE )
{face swaé improve
quality
before

5-6 swaE > »
edge coaps}‘
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/" Enabling technology: Morph/Emend

proceeding
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intersect background grid with CAD

/
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one combined independent set of

cutting

\[ snapping | and |
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edge swap

edge collapse/split
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web browser

Premise

Have an idea

Jump into a browser

Get work done

Go to a meeting

Go to another meeting

Plan to do work. Meet to discuss.
Report progress on work not completed
Remember that you are an engineer
Hide. Go back to browser.

Confirm hypothesis. Make decision.
Move forward

/" Enabling technology: Context driven WebUI i

sierra.sandia.gov

Three.s

CAD HPC

accessibility

z )

context
driven Ul

SierraUl

Scalable Geometric

Modeler (SGM)
a )
Sierra Sierra job
HPC
help .
e submission
J . _ . .
Sierra microservices
project
N J
GMTK :
Server .
Sierra Blueprint
authentication




Enabling technology: Future web-based visualization - -

web browser
/_\ not shown:
~_ GMTK/SGM HPC viz queue

user Authentication
sierra.sandia.gov project management !
NGINIX routing J/ PVServer
\_—/ Sierra help ticketing PV/Servert
N PVServert
o
Sierra CEE cloud o

viz.sierra.sandia.gov

®  Results rendered directly from HPC
" |imitations with ParaView server?

prevents use of OpenShift /\
®  Revised architecture v
o

®  (Cleaner
- *
= Can accommodate multiple Trame SD modal results visualization o

applications static Ul Aria results visualization ©
" Hosted on CEE Cloud K_/ 5

" OpenShift ready pending ® not shown: o
Paraview Servert ® user authentication

. NGINIX routin
"  Working prototype vHing

$ Trame/Paraview from Kitware Inc. ‘

i
/| PVServer

PVServert

N PVServert




/ Adopt. Move towards in-core workflows. scripted error &

workflow size fields
7 “ A: Tetmeshing provides the opportunity for mesh adaptivity in 3D fast/adaptive model
A: Geometric error can provide a metric for coarsening and refinement creation

A: Physics-specific error indicators provide a metric for coarsening/refinement
A: If we link error to size, we can provide automation via a size field
A: File & in-core capabilities provide the opportunity for remeshing & mapping

credibility for decision
making
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local remeshing/mapping via
improve_mesh in SierraRemesh

smoothly varying background tet
mesh via MeshGems for SPARC T
(T. Fisher, 1541, D. Dinzl, 1515)

(Andy Sterschic, 8752)
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/" Potential intersection with NGW scripted

workflow
Z “ NGS(D) workflow components
# Setup Analvsis This workflow accepts a single parameter (Young's Modulus for a material) and emitsa single
P B y response (displacement at a particular node.) It can be driven by Dakota or executed as a local or
geometry = sierra.Geometry()

remote nested component of a larger workflow.

geometry.import_file('./RingSurfaceName.stp')
hpc = sierra.HPCJobSubmission()

External preprocessing of input deck;
# Setup Meshing, Specify Cell Size could be using other tools to do this. Run a Python script that
morph = sierra.ML)rph() We could also be running meshing uses Exodus.py to extract
morph.set_size(0.218) ng_be.i tools, etc. one particular node
morph.set_geometry(geometry) displacement

morph.set_excluded_volumes({}) B ring-be-i E Substitute parameters script.py

: . L
1 into Sier deck Luscnpt_w [

# Define Materials for SD £ & aprepro = Extract :‘SDPdli';ifiT:nt from

sd = sierra.SDEigenAnalysis() il * Run sierra with slurm

sd.set_wtmass(0.00259) oo ____Z \ . = @ 7 pythonScript | = Th?setare

sd.add_material(2.75e+7,0.265,0.285,'steel') [ ym: S0 ﬂ ;ﬁ slerra .. > > outpu

sd.add_material(9.86e+6,0.320,0.0928,'aluminum’) ring.q L ! T : : responses

sd.add_material(1.88e+7,0.350,0.162,'titanium’) This is an input =P [C = L M ¢
parameter a8 | b

lib

# Submit Job _ ' =

hpc.set_runnable(connections) Blib

hpc.set_machine_name('ghost’) i d

hpc.set_number_processors(8)

hpc.submit_job('fy150075','/nscratch/jwfoulk’)
hpc.download_return_files() modulePurge moduleload

LH modulePurge & LH moduleload &

NGS(D) workflow components can be employed in the context of larger, traceable workflows in NGW.




/ workflow

v Modal Analysis

o Setup Analysis

o Setup Meshing
Specify Cell Size

o Define Materials
o Assign Materials

e Boundary Conditions

o Interfaces

workflow

import sierra

# Setup Analysis

geometry = sierra.Geometry()
geometry.import_file('./RingSurfaceName.stp')
hpc = sierra.HPCJobSubmission()

# Setup Meshing, Specify Cell Size
morph = sierra.Morph()
morph.set_size(0.218)
morph.set_geometry(geometry)
morph.set_excluded_volumes({})

# Define Materials for SD

sd = sierra.SDEigenAnalysis()
sd.set_wtmass(0.00259)
sd.add_material(2.75e+7,0.265,0.285,'steel')
sd.add_material(9.86e+6,0.320,0.0928,'aluminum’)
sd.add_material(1.88e+7,0.350,0.162,'titanium’)

# Assign Materials for SD
sd.assign_material(3, 'aluminum’)
sd.set_number_of _modes(20)
sd.set_mesh(morph)
sd.set_output_filename('RingSurfaceName.e’)

# Boundary Conditions and Interfaces
connections = sierra.MorphSDConnections()
connections.set_morph(morph)
connections.set_sdeigenanalysis(sd)

Conclusion: Focus on UX. Generalize. Scale with technologies. Team.

intuitive user fast/adaptive model
WebUI interfaces creation
SR Morph credibility for decision
Viz Emend making
context overlay
driven Ul creation shared UX drives
: products
ST capture CAD SGM 1
workflow
products drive
results improve automation technologies
viz quality w/ML 1
HPC mesh error & technologies
accessibility toolbox size fields drive scalability
FE data 1
workflow repositories

impact design,

uQ
V&V

qualification,
surveillance
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