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QuesTek Innovations LLC

A Founded 1997; privately-held; located in Evanston, IL
A19 Employees, i ncluding 15 Engineers (

A Rapidly designing, developing, qualifying and inserting new materials using
computational methods on integrated basis

A Creates IP; licenses to OEMSs or alloy producers/processors

A 4 alloys licensed: FerriumE M5 4E, C61E, C64E and S53]|
A ~10 major new alloys in development, 30+ patents awarded or pending worldwide

A Working with many colleagues in industry and academia

A Serving industry and government

A Recipient of many business and technology awards

A Expanding our staff
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We Create Diverse Material Systems

Alron-based
AAluminum-based
ANickel-based
ACopper-based
ANiobium-based
ATitanium-based
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Examples of QuesTekds Comput ¢

A-10 Main Landing Gear

Photo © 2000
Craig Baumer

Ferrium C61 Ring and Pinion
Gear Steel

SCORE Off-Road Racing
Circuit, Baja 1000, etc.

Ferrium S53 UHS
Corrosion Resistant Alloy

Aircraft Landing Gear
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Modeling for the Purpose of Materials Design
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Integrated Computational Materials Design

Computational Materials Design Overview

Design material as a system 10 meet customer-defined performance goals
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Example FlowBlock Diagram for UHS Gear Steels
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Use of Models inMaterials by Design

Model Improvement >
. Physics-based Mechanistic
SR EeE s Parametric Models Models
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MartenSite MOdeIS (Ghoshand Olson, 1994)

MsModel

TCY

QuastBinary

he
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N.(n¢D), Preexisting
ency Distribution
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t QoOAYitocatalytic
Potency Distribution
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tivated

n

ﬁritical Energy, \

DGe/it=DGs(n) *WsX)+W;" (T)
1 DGy(n=18): Surface Energy, nis

Defect Potency Size
hem Balance ¢ Ws(X) : Frictional Work by Solute

Strengthening
w W/ (T): Frictional Work by Dislocation
Forest

DGchem(T:Ms) = DGcrit (T: Nb)

Solve forMg

&

DGechem=DGs(n*)+Ws(X)+W;" (T)

Volume Fractionf(,) Evolution:
dfM/dn = (Nm b m)f@)a'fM)V(f) Solve forfM(n:r}n*)

with f, (n=2)=0 and findf,,(T)
where:
V:  Volume ofMartensiticLath Subunit
D: Grain Size
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Bainite MOdeIS(OIson,Bhadeshiaand Cohen, 1989, 1990)

BsModel G
FCC DGonen With ) 5 —
interstitial BalangeCritical Energy ) J
partltlonlnq) rlt:mS(n)_i-vaSS(X)-l-Wf (T)

DGchem(Xa’ T:Bi‘:) = DGyri (Xa’ T:BD)

Solve for Band x4

TC/

X X
fs stasi{ T) Model can be formulated similar tig,(T) model DICTRA

Bainite Subunit Growth Rate Model

G FCC wCarbon Diffusionv(ﬁxa, X))
wlnterfacial Mobility
CcC wSolute TrappingVk (Xa, X))
X I = Vn I
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Xa DGt 'Y hen wV,(N) =Vg =V
BCC FCC WDGchem = DG+ WeS{X)+HDGs (n) Wy (T)
Solve fov, (n), Xa, andx
TCcr Xe XX —» Used to estimatdainite start Gcurves
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Precipitation Growth and Nucleation Models

Growth Model
(1+ R1/4' I§I<R>) féDG 2s(RVafl & matrix
"R ; b: precipitate
G, effective driving force
OG; misfit strain energy

Growth: dR

whereDG [—,] e—

3DC] [C"] (m]- [7£])-oe
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§4p N, ’ksTR.* 0
— . 16p S
work toform-acritical nueleud, =
. 2
DICTRA Sae 8
Vm -
. R N.“D
rateof atomicimpingement =40k, Gm
\/
PrecipiCalc N, is Avogadrosnumber k; is Boltzmanns constant
R Is critical radiuswheredR/dt=0, T is temp eratre
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M,C Model for Secondary HardeningMartensitic Steels

Enhancements t®&recipiCalc
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Qu e s Tkrrdperary Software Platform (CMD)

Model developers, materials designers and developers

i"""""""""i GUI P_ython/SheII
i  DAKOTA i Scripts or Consol
Command Line€
Interface
CMDPrograms
A Standardized I/O command
line interface CMDIntegrator API
Aintegrator API —— | LProgran] o ~cwD
rogram
Model Implementations T
Numerical Librarﬂ'CIPUC—API
1 f A Modularized
ﬁhS{g%g 2"3 A Object-oriented (C++, Python)
A Standardized communication to

I,
CALPHAD Thermodynamics apd

Mobility Databases enable customized integration
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CMD GUIn Pre-Processor

A Operates AICMDPrograms

A Selects Models and CALPHAD Databases

A Sets uExplorative, Full FactoriBloE Sensitivity and AIM Analysis
A Rapid Visualization of Results
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