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First Flight: QuesTek Ferrium S53°®
T-38 main landing gear piston
December 17, 2010

Material approval: November 2009
Component approval: August 2010

Component installation: November 2010
First flight: December 2010
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Hierarchy of Design Models
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Computational Materials Qualification Acceleration

TRL Milestones Material Development Milestones
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Apple watch

-Announced September 2014

Baseline: 316L Stainless High Strength 18K Gold
Steel

-Cold-forged to 40% harder _2X harder
-Special purity mirror finish

Milanese Loop Alloy Anodizable 7000 Aluminum
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-60% stronger Al
-Custom Magnetic Stainless Steel -30% lighter than 316L



Elon Musk & e N,

| Follow | ~~

@elonmusk “ y

Q

Replying to @Robotbeat @Jonl28123 and & others

SpaceX metallurgy team developed SX500
superalloy for 12000 psi, hot oxygen-rich gas.
[t was hard. Almost any metal turns into a
flare in those conditions.

740 PM - 22 Dec 2018




CALPHAD-based Design: Freckle-Resistant 1Re

SX Ni Superalloy for IGT Blades

-Balancing liquid buoyancy and efficient Re

partitioning for creep performance
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Siemens SGT5-8000H 375MW Gas Turbine



NIST CHiMaD

Center for Hierarchical Materials Design
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Materials Genome Initiative
for Global Competitiveness

June 2011

Fundamental
databases and
tools enabling
reduction of the
10-20 year
materials
creation and
deployment
cycle by 50% or
more.

National Science and Technology Council (NSTC)/ Office of Science and Technology Policy (OSTP)



High-Entropy Alloys at QuesTek

* DOE
2015-2018 — “Exploration of High-Entropy Alloy (HEAs) for Turbine Applications” e—
* Phase | and Phase Il SBIR (DE-SC0013220) TENNES&EELLLE
2016-2020 — WastePD EFRC (Gerald Frankel PI) mogmn
* Nuclear waste corrosion focus (waste form and canister) FTNENSEEY
d DOD A‘\j@f’\ 'l :T;i
2016 — “An Integrated Computational Materials Engineering (ICME) Tool for the Streamllned
Development of High-Entropy Alloys for Advanced Propulsion Systems” T
* Phase | STTR with University of Tennessee, Knoxville (N68335-17-C-0618) FML%
2018-2021 — “HEA Binder Material Design in Enhanced Tooling for Friction Welding Technology”
* Phase | and Phase Il with University of North Texas m
2019 — “Mechanistically Enhanced Machine Learning for Materials Design and Process \1,
Optimization” e i e
* Phase | STTR with Texas A&M University (N68335-19-C-0400) ATQ[
* NASA
2019-2020 — “Tool Material Design for Friction Stir Welding of High Temperature Materials”
* Phase | SBIR with University of North Texas UNT

 Commercial Collaboration: H.C. Starck
2019- — “Demonstration of Production and Thermomechanical Processing of Refractory CCAs”

H.C.Starck A\
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QTSX 1Re IGT SX Ni Superalloy
-Processability & Performance
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Example: Design Integration with CMD

Matrix + Strengthening Grain Pinning Dispersion
Dispersion Design Design
O SMUN N SSS—— Y(MX Mo#1) W(EFCC,C)
| I fég og T J) T T T ]
g $<) 34/ 4 _
Ms(°C)
. > @ 2 ]
I {%‘ | 04 | %{? é‘é,‘ i
% ﬂa %@ | ; & 1
Peak VHN(482°C) _ AR d (VMoXCN)
1 o ,:? é 1aCLIOl ]
Rt 1 > 2ppmp/ qé" ]
. el IS
N L ; 8’47, |
870 — N AG(M, C)@482°C] L /9 ¢ o L
R T 180404 vy 1__18i_e(+_042 )@ : oz [ & x HI\L\’\:U -
[ i - 8?0 \'\ ! T.‘ o "4. Tl 880—_] Sp \“: ) 9?/ . Q‘-l
I Lg"' [ : gé')i‘ b( ('/) . . Pl = ng (&-" 4
- ! . 8050 ' 86@":9 ‘\ — 870 . L 3900 @\
| - ! A e el | LS % :
1 ~\ 1 | Ofh B =) OJ "
40 VL T . 1 ;m“" & e o S
% 1126404 T W 1720404 T . 0os Laiihy . . , : , :
(TP - 850 800 100 100 1200 1250
....J....l....t,...l....IL..,I....I....I....J....l....lu..l....l......l..-..l..,.l....J....l..,.l,... Austenltlzm 4_’ ch) ‘
" Temperature Finish Forging Window

Queslier

INNOVATIONS LLE




CyberSteels to Market QAuesler

INNOVATIONS LLEC
Ferrium C61 AMS6517 Ferrium S53 Stainless
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Excel

Accelerated Ingertion « Makerials
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MGI From Ferrlum Rldge to Silicon Valley




Manufacturing 5.0

Standard V-model for Systems Development Cycle
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NSt CHIMaD

Center for Hierarchical Materials Design

* 10 yr S60M (S50M NIST + S10M cost match)

* Chicago Regional (Voorhees & Olson,NU/
dePablo,UC Founding Co-Directors)

 Methods, tools and databases supporting MGlI;
metals and polymers

eiod THE UNIVERSITY OF

NORTHWESTERN
UNIVERSITY
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