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A) Cybersteel 2020: Ultratough Plate Steels (ONR; CAT)
B) HT Carburizing Steels (DOE-OIT; GM, P&W)

MTL/SRG

C) Superalloys (AF-MEANS, DARPA-AIM; RMCI)
D) Bulk Metallic Glasses (DARPA-SAM)
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S53 Nanostructured UHS
Stainless Results
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Fracture Toughness vs. Ultimate Tensile Strength
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Potency of Embriitlement (eV/atom)
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Ring & Pinion: EIH13}

-Successfully completed race -Finished entire race with
with narrow gear design new design

-Moving forward with -Production sets being made
development

Dog Rings and Camshalts: Currently in testing

For more info contact :  C Kuehmannor B, Tufts - QuesTek Innovations LLC - B847-328-5800




Heterogeneous Precipitation of Austenite on Copper Particles

Cu Ni
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Toughness - Strength Combination
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Accelerated Insertion ot Materials

ARCHITECTURE DESIGN

Integration Infrastructure

ISIGHT framework
provided by Engineous
Software

Core Utilities

3RP Party tools to extend
ISIGHT’s integration
capabilities

Analysis Components

Models provided by Pratt
& Whitney, General
Electric, Questek, and

[MSC\\SOFTWARE

DA
others. Integrated by nE i'] |] | | |
Engineous into the DKB o

) gy Microsoft ..
architecture via iSIGHT Erosf PrecipiCalc

* Distributed Resource Management

13



PrecipiCalc™ Timeline

Software/Hardware Improvement

Accelerated Insertion of Materials

y/y’ Lattice| | 3D/2D coherency multiphase
arameters| | mappin | yansition o(R) Interaction
hierarchical diffusivity interfacial average “oalesconce
sequencin scaling disgipation coring ’
®
24 hours™ onl || 2 hours* on Pentium 0.6 hours* on| || 0.3 hours* on|| 0.05 hours*
Pentium 11 111 LGHz with Pentium IV Pentium IV || on Pentium
600MHz improved numerical 2.2 GHz with| || 2.2 GHz with|| IV 2.2 GHz
nucleation treatment compiler optimized || with cluster
Byth optimization parameters hardware
1/01 6/01 1/02| [Option| 6/02 1/03 6/03 1/04
Base Start minidisk| | iSIGHT spatial R88 || |spatial
Start selected | | integration minidis tensile || | V2500
PWA1100 locations| | with grain samples
R88 F117 disk size and
coupons| | center APrrI? %ntlargy uncertainty prior v /carblde
WLl ] 0dels error. heat grain
Applications/Demonstrations analysis treatment | pinning

* single IN100 PWA1100 simulation SHHESTER
INNOVATIONS LLE



Composition Profile (at.%) across Matrix Channel in between Secondary
Precipitates w. Tertiary Precipitate in IN100 - Center 1st Disc
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Impact of DARPA AIM Initiative

e Supply chain impact on material capability
captured

>Enab|es versatile processmg for smaller lot sizes
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Minidisk Microstructure Prediction
with PrecipiCalc

Accelerated Insertion of Materials

Minidisk

_ Bore Rim Attachment
Comparison EXp. PpC EXp. PpC Exp. PpC
Fraction 24 23.5 23.1

22.6 23.5 23.3
a , (%) 25.2 25 25.7
Primary y 103 118
Size (um) 1.28 1.29 197 1.32 12 1.31
Fraction
(%) 324 35 34 34.6
Secondary y 109 132 120 103
Size (nm) 129 107.9 157 135 114 84.2
146
) N . 18 19.7
Tertiary y’ | Size (nm) 20.8 21.5 218 21.4 21.4 20.7
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Impact of DARPA AIM Initiative

e Material behavior intimately linked and
participating in the design process
»4 months to improved capability

________________________________________________________________________________________________________
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S53: Example Variation
Analysis
Variations of:

Structure — carbide solvus Ts, martensite
Ms, precipitation control AG’s

E '4“‘" .

Compositional Variations
(Wt%, £60):

C +£0.01Cr£02 Mozx0.1
W 0.1 Cozx03 Ni 0.1

Accelerated Insertion of Materials

VvV %0.02

Property — hardness HRc, toughness CVN

Results of 1000 runs (12 minutes on a Pentium 1V 2.2GHz CPU)

Probahility Distribution for Cw Probahility Distribution for DG{RZC) Probahility Distribution for DG( Intermetallic)
c < c
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Y DGEIMEC) D& Intermetallic)
Probahility Distribution for k4= Probahility Distribution for HRc Frobahility Distribution for T=
9 o £ a0
2 80 |- mean val = 182,146 2 B0 | mean val = 53.6696 = | mean val = 102015
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[ ] Iy ] 0 a0 4
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S53A Scale-up Properties

Accelerated Insertion of Materials

350
: [0 S53A (300 pound heat)
I l S53A (3,000 pound heat)
285 285 &2
280 60
225 225
210 - 45
ksi %
140 30
70 | 15
0 |
YS [ksi] UTS [ksi] El. [%] RA [%]
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Processing

Structure

Thermal Barrier Coating

Coating

Oxygen Barrier Coating

Properties

i

Bond Coat

Oxidation
Resistance

Surface
Treatment

Oxide Scale ( Al,O5, YAG)

Higher D, /Dg

Film Interface

i

Solid Solution

Low Oxygen
Solubility

Aging

Lattice Parameters

i

Solid Solution Strengthening

Solution
Treatment

Oxygen Activity

Creep
Strength

Control Diffusivities

Dispersion
Stability

i

Solidification
+ Shaping

Dispersed Phases: PdAIL YAI
(Pd,Pt, Ru),(Hf,Zr,Y,Nb)AI

i

Lattice misfit

Ductility/
Embrittlement
Resistance

Melt Refining

High Stability

==\ N\

Coherent Interface

Metallic Matrix
(with low O,
solubility)

Low Coarsening Rate Constant
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(Nb) - Pd_HfAI - PdAIl -fo-Hf) 4

Pd

Pd,HfAl

, PdAl
Al

Tie-tetrahedra in the Nb-Pd-Hf-Al quaternary system at 1200°C
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Relative Charge in Octahedral Hole
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Oxygen Diffusivity in Nb-X at 1300C (Microhardness)
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Diffusivity of Al in a Nb-X-5Al (in at%) bcc solid solution

ﬂ-|4

1300°C Ti +

Diffusivity of Al (m/sec)
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mol fraction X (X=Hf,Ti,Cr)



Oxide scale in Alloy A’ oxidized at 1300°C

A: Al,O;+HfO,
B: HfO,

40 microns




MSc390 Materials Design

Projects
Spring 2003
Blastalloy 11: LC160 Martensite V.
Client: ONR, Dr. Julie Christodoulou
Advisors: Arup Saha; Yana Qian
Team: Dan Cogswell, Joe Dudas, Ken Liu
Blastalloy 111: PH-TRIP Austenite V.

Client: ONR, Dr. Julie Christodoulou

Advisors: Dr. Su Hao; Zhe Liu

Team: Danijel Gostovic, Sai-Pong Leung, Derek
Norton

Dragonslayer 11: Carburizing VI
Stainless Bearing Steel (CS62+)
Client: DOE-OIT, P&W, QuesTek
Advisors: Dr. Jay Gao; Ben Tiemens
Team: Loren Darling, Thor Gudmundsson
VILI.

MX4: Ni Aeroturbine Blade Alloy

Client: NSF-FRG (OSU), P&W, GEAE
Advisors: Dr. Gautam Ghosh; Chandler Becker
Team: Travis Harper, Mike McCarren, Paul
Von Dollen

Noburnium: Nb Superalloy %

Client: AF-MEANS, Dr. Craig Hartley
Advisors: Abhijeet Misra; Dave Bryan
Team: Erhan Altinoglu, Jennifer Bolos, Nora
Colligan

Terminator 4: FrankenSteel Goes to Mars
(Biomimetic Self-Healing Alloy Composite)
Client: NASA-Houston, Dr. Brad Files
Advisors: Jin-won Jung; Michele Manuel
Team: Wendy Cheng, Steve Knapp, Richard
Scheunemann

HT Aluminum/Bulk Metallic Glass

Client: DARPA-SAM, Boeing, P&W, QuesTek
Advisors: Ryan Rathbun; Keith Knipling
Team: Bryan Harder, Nik Hrabe, Alison
Markowitz




V-Cr-Ti Alloys

Ti
1.0 e (o-Ti)
[1967Sam]: » %
* (B-Ti)
& (o=Ti) + (B-Ti)

O o-Cr,Ti + (B-Ti)
Jay g Cr2T| + (a Ti) 0.8

0.1

02 03 04 05 06 07 08 09
Weight Fraction V

Isothermal Section at 600°C

20 ] ] ] ]
18 - =
16 - =
bce+Ti,O
14 - —
o 12- =
S
2 10- -
o —
8- e
6- -‘f'; é z\|z - B
4- g gl €| § g | bcc+Ti(CNO)|
bcc 8| 8| & & a
2_ (o} ~ Tp) (o} o i
E-3
0 I [ [ I I [ [ I I
OE 32 4 6 8 10 12 14 16 18 20

C, wt.%
Solubility Limits of C and O in V-
4.1Cr-4.3Ti at 1000°C



Paradigm Shifts: MSE Integration

a) discovery based — design based
- downstream cost of discovery

b) empirical — mechanistic/predictive

c) statistical (eng.) }_) probabilistic
deterministic (sci.)

- prediction of multiple properties from defect distribution functions
- designed variation (predictive robust design: performance/variation tradeoff)
d) computational mat. sci. (toys) — computational mat. eng. (tools)

e) reductionist analytical — holistic (systems) synthetic

Optimal Integration:
Tactical science in support of strategic engineering



