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2 Sandia National Laboratories

A National Security Science & Engineering Laboratory

0 "Exceptional service in the national interest"

Nuclear Weapons

Defense Systems & Assessments

Energy & Climate

International, Homeland, & Nuclear Security



3 I SNL's Additive Interests

Reduce risk, accelerate development
simplify assembly & processing

prototypes, test hardware, tooling & fixturing

Add value
design & optimize for performance, not mfg

• complex freeforms, internal structures, integration

° engineered materials

• gradient compositions

• microstructure optimization & control

• multi-material integration

"print everything inside the box, not just the box"

CoCrFeMnNi-Ta
graded thin wall A particular graded

composition that was brittle
and fractured during
processing....

— — — — • 100% CoCrFeMnNi

— — — • 100% Tantalum

Sandia
telescope

10%
dense

lattice implementation
w/TO solutions from

PLATO,
Robbins, Add Mfg, 2016

full scale additive
weapon mock-up

HOT SHOT sounding
rocket lifts off from the
Kauai Test Facility, Hi



4 1 Sandia Processes
Metal

part on plate

Cu-Al plasma sprayed graded density
coating

3" diameter Ti-
6-4 cylinder

kik

Direct Write

aerosol
jet

printing
to 10 pm

room temperature cure of
conductive traces on polymer film

ceramic-thermoplastic 3D
(CT3D) printing alumina

1.tv

Nanoscribe two-photon
lithography

energetics

Adam Cook, Bryan Kaeher, Alex TappanBradley Jared, Shaun Whetten



5 I Qualification Foundations
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6 Design Tools
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7 Models Bridging Length Scales

LAMMPS

ARIA
ADAGIO

SPPARKS

Powder Spreading
D. Bolintineanu

Powder Behavior
M. Wilson

1 0-6

Solidification Scale Thermal 
M. Martinez, B. Trembacki, D. Moser

Free-Surface Motion
-ALE

- CDFEM

Curvature 8 Maragoni Stress

•Recoil Pressure

Ablative Radiative 8.
Convective HealLoss

T (K)
3100

Mesoscale Texture/Solid Mechanics
T. Rodgers, J. Brown, K. Ford

1O-3
Length Scale (m)

Build Scale Thermal + Mechanics 
K. Johnson, K. Ford, L. Beghini, M.

Stender & J. Bishop

•
Build Scale Microstructure
T. Rodgers. J. Madison
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9 I Qualification Tomorrow

"Changing the Engineering Design & Qualification Paradigm"

o leverage AM, in-process metrology & HPC to revolutionize product realization

accelerating design to production

material / part performance
simulation

process simulation

Guide

Performance
Predictions

Exemplar
Performance

AM
Process

al

AM 17-4PH tensile dogbone
(above) Et stress-strain response00,

Predict

Exemplar
Models

Process
Models

Materials
Models

Measure

In orm

Densified Powder
Structure bed

Property
Aware

Processing \

OR11.1 ClUALIFIED

thermal history during bi-
directional metal deposition

17-4PH dogbone
porosity

Roach, SFF Proceed., 2018


