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

C) Superalloys (AF-MEANS, DARPA-AIM; RMCI)
D) Bulk Metallic Glasses (DARPA-SAM)
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PROCESSING PROPERTIESSTRUCTURE
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K (∆γ)
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Transformation DesignTransformation Design

Micromechanics Micromechanics 
DesignDesign
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S53 Nanostructured UHS 
Stainless Results

S53 Nanostructured UHS 
Stainless Results
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Multiscale Ductile Fracture Simulator 50µm
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Iron matrix +
secondary
particles

σY= 1.1GPa
dσ/dε = 0.6 GPa
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CAT  Steel
Subatomic scale

Fracture toughness







Heterogeneous Precipitation of Austenite on Copper Particles



Toughness - Strength Combination
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ARCHITECTURE DESIGNARCHITECTURE DESIGN
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PrecipiCalc™ TimelinePrecipiCalc™ Timeline

Software/Hardware Improvement
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sequencing
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Composition Profile (at.%) across Matrix Channel in between Secondary 
Precipitates w. Tertiary Precipitate in IN100 - Center 1st Disc

Secondary γ’ precipitates

Diffusion field in Secon-
dary γ’ precipitates 

Tertiary γ’ precipitate
(not fully resolved in this representation)

γ Matrix channel

Secondary matrix inclusion
within secondary γ’precipitate

(not fully resolved in this representation)

Dieter Isheim, 8Dec 2002

Northwestern University
BDA C

DA CB
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Impact of DARPA AIM Initiative
• Supply chain impact on material capability 

captured
Enables versatile processing for smaller lot sizes
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Minidisk Microstructure Prediction 
with PrecipiCalc

Minidisk Microstructure Prediction 
with PrecipiCalc

Exp. PpC Exp. PpC Exp. PpC
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Fraction 
(%) 22.6 23.5
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Impact of DARPA AIM Initiative

• Material behavior intimately linked and 
participating in the design process

4 months to improved capability

• Material behavior intimately linked and 
participating in the design process

4 months to improved capability
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S53: Example Variation 
Analysis

S53: Example Variation 
Analysis

Compositional Variations
(wt%, ±6σ):
C ± 0.01 Cr ± 0.2  Mo± 0.1 
W ± 0.1 Co ± 0.3 Ni ± 0.1 
V ±0.02 

Variations of:
Structure — carbide solvus Ts, martensite 

Ms, precipitation control ∆G’s
Property — hardness HRc, toughness CVN

CMD/
iSIGHT

Results of 1000 runs (12 minutes on a Pentium IV 2.2GHz CPU)
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S53A Scale-up PropertiesS53A Scale-up Properties
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Processing Structure Properties
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Resistance
Higher DAl/DO
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Tie-tetrahedra in the Nb-Pd-Hf-Al quaternary system at 1200˚C













Oxide scale in Alloy A’ oxidized at 1300oC

A: Al2O3+HfO2
B: HfO2



MSc390 Materials Design 
Projects 

Spring 2003 
 
 
 

I. Blastalloy II:  LC160 Martensite 
 

Client:  ONR, Dr. Julie Christodoulou 
Advisors:  Arup Saha; Yana Qian 
Team: Dan Cogswell, Joe Dudas, Ken Liu 

 
II. Blastalloy III:  PH-TRIP Austenite 

Client:  ONR, Dr. Julie Christodoulou 
Advisors:  Dr. Su Hao; Zhe Liu 
Team:  Danijel Gostovic, Sai-Pong Leung, Derek 
Norton 

 
III. Dragonslayer II:  Carburizing 

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

 
 
 
 
 
 
 

 
 
 
IV. 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 

 
V. Noburnium:  Nb Superalloy  

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

 
VI. 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 

 
VII. 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

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

Isothermal Section at 600°C



Paradigm Shifts:  MSE Integration
a) discovery based → design based

- downstream cost of discovery

b) empirical → mechanistic/predictive

c) statistical (eng.)
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 

} → probabilistic

Optimal Integration:
Tactical science in support of strategic engineering


