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Investing in a Multiscale Approach

• from first principles to multistage buildups

from a mechanistic understanding of 
plasticity to life management of components
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Accelerated Insertion of Materials
Tools & Methodology New Material 

(~3 µm thick)
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PREPARED BY DATE APPROVED BY DATE ISSUE DATE PAGE

OF

THE INFORMATION CONTAINED HEREON IS
PROPRIETARY INFORMATION
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CLASS:

APPLICABLE TO

DEGREES OF FREEDOM NO. OF TESTS NO. OF TESTS IN MODEL

MATERIAL FORM

SPECIFICATION

PROPERTY

TEMPERATURE A-RATIO K
T

TEST TYPE

FREQUENCY HOLD TIME RAMP TIME

TEST MODULUS, E(10  PSI)6 ANNULAR GAGE SECT., R’

ORIENTATION

 >( 95% CONFIDENCE OF 99% EXCEEDENCE) -
: MINIMUM X (AVERAGE) EXTRAPOLATED

1

2

1

D3659

D-30-r 5.3

2Mark R. Brown 21-JUN-96G. T. CASHMAN 20-JUN-96 28-JUN-96

RENE’88DT EXTRUDED & ISOFORGED

6746,6747,6969,7139-7144,7343,
7346,7244,7245,7373

FATIGUE (LCF): STRAIN,NF

D7361

1

CF6-80:  CDP SEAL, FOS
F110:  HPT SHAFT, LPT, FOS, HPTD, CDP SEAL
F404:  HPTD
F414:  HPT SEAL, LPTD, HPTD,,RET.,LPT COOL PLATE
GE36:  HPTD/FCP/ACP, S1/S2 LPTD, OBP
GE90:  S9-10 HPC, S1 HPT
PANCAKE & CONTOURED FORGINGS (PRE-GE90)

STANDARD MAT’L & ILG/PEDIGREE; GAGE DIA. .2"-.4"

1.0

562 566

20-300 CPM (0.33-5.0 HZ)

1.0

TANGENTIAL AND RADIAL

LONGITUDINAL STRAIN CONTROL, AXIAL-AXIAL

29.069

C50TF92 CL-A & CL-B
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Areas Requiring Further Study 

SIMULATE PROCESS & 
MICROSTRUCTURE

Precipitate Grain

CAD 
File

INPUT FROM 
DESIGN

• Methods spanning:
- Length: dendrites       tertiary γ’
- Time: solidification       in-service 

lifetimes

Multiscale Process Models 
for Microstructure Evolution: 

• Linking time scales for grain growth and 
phase/constituent evolution

• Grain boundary constituent precipitation and growth
• Interfacial thermodynamics and kinetics with realistic 

chemistries
• Efficient representations and numerical schemes
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• Complexity ranges from:
- Crystalline planar faults (stacking faults, APB’s,…)
- Coherent interfacial boundaries (e.g. Ni-Al γ-γ’)
- Incoherent interfacial boundaries
- Grain boundaries

• High T, complex chemistries
- structure, energy
- thermal expansion
- time dependent properties
- environmental effects (hot corrosion)

Require an experimental/modeling rapid 
assessment tool for the thermodynamics/kinetics 

of metal-metal interfaces

Need similar tool for metal-oxide 
interfaces

Areas Requiring Further Work
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Areas Requiring Further Work

Precipitate Level

DEVELOP & SAMPLE 
REPRESENTATIVE VOLUMES

Grain Level

M o Fe

Ni

IN706 N i

N i

FABRICATE/ EXTRACT 
REPRESENTATIVE  

PEDIGREE VOLUMES

• High fidelity, efficient material structure representation
- Automated interpretation, analysis of large data sets:
texture, shape, size distribution, inter-grain correlation

- Generalized representation across material classes
- Rare events: deviations far from the mean

• Methods for rapid & 
robust evaluation of multi-
component phase diagrams (O(n2) or better for models)

• Techniques for micro-structural kinetics

Composition & 
Constitution of Alloys

Define & Sample Representative Volumes
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Areas Requiring Further Work

Exploring Single & Multi-Grain Properties
•Structure-sensitive constitutive descriptions of “hierarchical fidelity”
•Structure-sensitive material flow rules (kinetic descriptions of plasticity)

- time-dependent property descriptors (creep, fatigue, crack-growth)
- environmental effects (chemical attack, 

oxidation, hydrogen, etc.)
- emphasis on portability across material classes
- direct link to structure representations 

(previous chart)
•Rapid, statistically relevant micro-scale 
mechanical testing
- temperature and strain rate variations
- multiaxial stress states

•Direct links to stochastic and probabilistic 
life management methods

•Efficient numerical and 
computational schemes

Constitutive Relationships

Simulation of 
Single-Grain 
Properties

10 µm

Micro-Scale Mechanical Tests

Grain-Level 
Property 

Simulations

CONVERGE REPRESENTATIONS 
& MEASURED PROPERTIES
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Interface with Industry
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Critical role for industrial 
partners to define and 
police this interface

End users of these tools: industrial component- designers
• Work developed under previous charts must be linked to 
these engineering requirements
- Procedures must conform to industrial environment, practice and

constraints
- Critical to engineering certification and use

Mapping results to industrial partners
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• Ultimate Tensile Strength
• 0.2 % Yield Strength
• Tensile Ductility
• Notch Strength
• Burst Margin
• Creep
• Rupture
• Rupture Ductilities
• Continuous Cycling LCF
• Hold Time LCF
• Continuous Cycling Crack Growth
• Hold Time Crack Growth
• Superplasticity
• Flow Stresses
• Abnormal Grain Growth Resistance
• Gamma Prime Solvus
• Carbide(s) Solvus
• Density

• TIP
• Structural Stability
• Exposed Behavior
• Defect Sensitivity
• Defect Content
• Grain Size
• Gamma Prime Size
• Segregation /Effects
• Inspectibility
• Quench Crack Resistance
• Multi-source Capability
• Low Costs--Elemental and 

Processing
• Weldability
• Machinability
• Machined Surface Behavior
• Residual Stresses
• Cost Reduction Potential
• Size/Volume Scaling Effects

Must Address Full Breadth of 
Component Requirements

DARPA - AIM The Issues That
Often Determine

Success or
Failure

Requirements for Turbine Engine Disks:

Adapted from D. Backman, GEAE
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Longer-Range Challenge: Structure-
Sensitive Design Life-Prediction 

Damage Tolerance
• Surface & subsurface
• Time-temperature effects
• Inspection capability
• Damage accumulation

ANSYS

Flight Cycle
(3D FEM)

Attachment LCF
• Contact/friction
• LCF/HCF interaction

Overspeed
• FEM-based
• Temperature-dependent

constitutive 
model

Bulk
Residual 
Stress

Heat
Treat &
Machine

N(1/32) = ƒ (∆σ, σm, ∆ε, ∆εpl, εpl ean, 
…) 

LCF
• Surface residual stress
• LCF/TMF, multiaxial 
• Time-temperature effects
• Damage accumulation

Constitutive Model 
• Elastic-plastic-creep
• Shakedown analysis

Critical
Location
Analysis

Structure-Sensitive Constitutive Representations are the Key to Success
adapted from J. Schirra & R. Holmes, PW, 2003

Statistical
Processingconstitutive 

model
constitutive 

model

constitutive 
model
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ε
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See you at the breakout!
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Hypothesis Focusing In-House Research

Multiaxial Polycrystalline, Polyconstituent FEM Analysis 
Converged With Direct Evaluation of RVEs

Converged with Structure 
Evolution Simulations

Dimiduk, Parthasarathy, Simmons, Woodward, Uchic, et al., 1999

Grain 
Level
RVEs

Single-Crystal 
Level RVE

Defect or Flaw 
Level RVEs

Representative Volume Elements 
from 3-Levels of Structure

SEI imaging EBSD imaging

Structure can 
be Quantified 

in 3D

to develop

us
ed

 w
ith

in

and

and

Structure-Based Constitutive Representationsto get

Parks, et al.

Rao, et al.

Uchic, et al.

Miller, et al. Wen, et al.

Brockman, et al.


