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SANDIA'S NUCLEAR WeAPON S

Sandia designs all non-nuclear components

" Warhead system integration
" Production

" Non-nuclear component design
and qualification

Fundamental science, computer
models, and unique experimental
facilities are used to understand,
predict, and verify weapon systems

performance.
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MISSION REQUIRES INCREASINEE Y

Experiments and simulation work together

" Optimize performance of impact fuze 1in
various environments

= Use of ‘virtual builds® to explore design
trade space

" Simulations used to optimize tests

= Simulations provide insight into damage
that is not experimentally accessible

100s of virtual builds
1000s of virtual tests
Millions of CPU hours




ACCELERATING DEsIGN TO PRSI Y

Modeling/simulation and additive manufacturing can reduce the number and speed of

design-build-test iterations
= Short turn-around production of metal parts
needed

" Metal laser powder bed fusion was used

" Additional material test coupons were
printed

" Estimated time and cost savings of roughly
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316L SS ESD faraday cage
covers for sounding rocket
telemetry circuit boards.
Printed parts (above, right);

assembled (bottom right). a Q
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ENABLING NOVEL DESIGNS _

Topology optimization using PLATO

Impact on Design:

" Topology optimization
explodes design space
= Take advantage of new

materials with unique
properties

" Enabled by HPC & high
fidelity mod/sim

= Use additive manufacturing to
realize organic designs

Example: satellite bracket design with
increased stiffness, 40% weight
reduction

PLATO Features:

" Print ready design

= UQ-enabled designs
" Multi-material designs

" Designs with lattice
metamaterials

" Automated conversion

back to CAD surfaces



REAL TIME MULTI-PHYSICS DES_

Incorporating the right physics is essential

" GPU enabled solver package

" Optimized for stiffness and

thermal conductivity

Mechanical Thermal
Optimization Only Optimization Only




UQ ENABLES ROBUST DESIGN_

Insensitive to naturally occurring load variations

" Uncertainties in load angle included

" Optimized sampling
(only 5-15 samples)

" User specified probability density

function (here for load direction)
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ADVANCED MATERIAL MODEL_

Our vision: born qualified

" In AM, metals experience extreme
melting/solidification environments not

present in traditional manufacturing.

B Structure:

" Understanding and predicting detailed
thermal/fluid phenomena will lead to Chiaracterization
improved part quality and ultimately "

prediction of performance. Properties:

= Computation is driving process Processimg

development.
b Performance



TRANSITIONING DESIGNS INTOE )

Ensuring repeatability and reliability

Design parts for extreme mechanical conditions
Make parts for high-consequence applications
Validate part performance

Perform R&D to improve understanding

Mechanically tunable compression pads
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VALIDATED MULTISCALE MULT_

Required to take full advantage of AM capabilities -

Critical modeling issues:

= Wide range of length scales

Topology
Design 5 oec 2
Particle " Variability of raw materials
packing Property-
Performance
Laser Heat :
Input " Physics models are young

Partial melt Microstructure

& flow

" Need new numeric techniques
Molten pool

dynamics Solidification

Part Scale Thermal & Solid
Mechanics

Parallel attack on interdependent modeling areas ‘ '
Time « 6.000270 G ’

Powder spreading and flowability

Mesoscale Selective Laser Melting

Powder Spreading - a

Melt pool dynamics modelin
p y g * - 1 ] Part Scale Microstructure
® Robust solvers © Mesoscale Texture/Solid o—

Mechanics/CX

Grain morphology estimation based on actual

build processes (i 107 |
Length Scale (m)



LASER ENGINEERED NET SHAP_

Tuning AM process requires sophisticated diagnostics

additional optics port

= Physics of melt pool is key

camera for closed
loop process control

fiber
. . input
" Understanding process parameters 1s

critical

= Multiple material constructs are

IR camera port

pO S sible for thermal

imaging
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concentrator metal deposition



MODELING LENS ADDITIVE MA—

Melt pool controls process results

" Complex phenomena must be modeled

" energy and mass deposition, heat

transfer, melt propagation
" 3D model physics required

" Model validation experiments needed

Time = O OOS THIA)
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Sandia’s Sierra/Aria FEM code Conformal Decomposition
FEM (CDFEM) allows for evolving mesh

IR Camera

2-color
pyrometer

Surface Topology Scan



S aCrosSsS

NEW COMPUTATIONAL CAPAL
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Stainless steel micrograph
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WHY IS A MICROSTRUCTURE §
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PROCESS PARAMETERS — MICRC(

Timne: 0.00 s

Temperature (K)
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SPPARKS

kMC Model

Coupling with
SIERRA thermal
models

. Ford, S.R.
(2018) pp. 559-574




MICROSTRUCTURE PREDICTS |

Build direction

—-—)
Increasing scan speed

Homogeneous ' 4 mm/s 8 mm/s

[

Modelling and Von Mises
Simulation in Stress (MPa)
Materials Science
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QUALIFIED BY DESIGN

Original Requirements
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THE FUTURE — UNCERTAINTY

SFC3 Challenge Geometry - Question 1*
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WHAT WE NEED FOR FUTURE

)

for future custom hardware




HIGH IMPACT DECISIONS REQ
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