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- Integrated theoretical, computational and experlmenta| programs to understandand develop the p
chemistry, materials and processing that confidently meet critical naval needs

High Performance Functional Materials
APower Generation & Energy Storage Materials
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i Electrochemical Materials
1 Polymeric and Organic Materials

APiezoelectric Materials

High Performance Structural Materials

AStructural Metallic, Structural Cellular and
Composite Materials

AHigh Temperature Turbine anehiditra
Temperature Materials

AWelding and Joining
AOptical Ceramics

Environmental Quality
AAntifouling Release Coatings
ASolid and Liquid Waste Treatment

Optimization from Design thru System Life
AComputer Aided Materials Design
AScarce Element Mitigation Strategies
ASolid Mechanics and Fatigue
ANonDestructive EvaluationRmdjnostics
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Reality?

Common Engineering Concepts?

EBSD image
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Table 5.4.1.0(b). Design Mechanical and Physical Properties of Ti-6Al-4V Sheet, Strip, and

Plate
Specification . AMS 492: 1 and MIL-T-9045, MIL-T-9046, Comp. AB-1
omp. AB-1
Form .. ............ Sheet Plate Sheet, strip, and plate
Condition Aunnealed Solution treated and aged
. 2.001- 0.1875- | 0.751- | 1.001-
Thickness, in. ... 0.1875 | 0.1875-2.000 | 4.000 | - 0.1875 | 0.750 | 1.000 | 2.000
Basis .............. A|B| A B s s s s S
Mechanical Properties:
F,.ksi
134 [ 139 | 130* | 135 | 130 160 160 150 | 145
134 [ 139 | 130* | 138 | 130 160 160 150 | 145
126 [ 131 | 120 | 125 | 120 145 145 140 | 135
126 131 | 120* | 131 | 120 145 143 140 | 135
133 (138 | 124 | 120 | 124 154 150 145
135 [ 141 | 130 | 142 | 130 162
87 [ 90| 79 | 84 79 100 93 87
213% | 221% | 206° | 214° | 206" 236 248 233
272% | 283 | 260° | 276° | 260° 286 308 289
1717 [ 178% | 164° | 179% | 164 210 210 203
208 | 2178 | 194° | 212° | 194 232 243 235
& 10 10 58 8 6 6
g 10 10 5 8 5 6
160
164
6.2
. 031
Physical Properties
w, Ib/in? .- 0.160
C. K and o See Figure 4.5.1.0

123 ks,
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b Bearing values are “dry pin” values per Section 1.4.7.1.
c 8%—0.025 to 0.062 in. and 10%—2.063 in. and above.
d 5%—0.050 in_and above; 4%—0.033 to 0.049 m_and 3%—0.032 in_ and below.

Adapted from D. Furrer, April 2C

a The rounded T,, values are higher than specification values as follows: F (L} =131 ksi, F(LT) =132 ksi, and F (LT)=



Integrated Computational Materials

Englneerlng (ICME)

Processing Structure Properties
Post-weld 1 ( Matrix Phase
Treatment and J Solid-Solution Strengthening
Paint Bak Grain Structure
an T o€ L Dislocation Structure ) I Base Strength l
[ Joining }— °
p
1 (" Stable Second Phase ) Heat Affected Zone o
[ Working/Aging ]* Constituent Phases (1-10 em) L Strength ) % Integrated
| Dispersoids (0.05-0.5em) c Computatlonal
o) , i coliorat
~ Environmental Resistance [t A TraEsformaﬁong
, ) Robust Precipitates Stress Corr. Cracking o . s
[ Hot Roling J Stable High Temperature Intergranular Corrosion & D“ccompmvim ol u,;mﬁ
T L Dynamic ) N J National Security
[ Homogenization ]
[ Solidification ] (" Grain Boundaries ) H[ fronnabilivy ]
Segregation Control ||
T GB precipitate avoidance
[ Melt Practice | Precipitate Free Zones
Integrated Computational Materials Engineering provides the framework for
understanding and communicating
evolution of microstructure,

material properties and behavior,
material design capability,
component performance, and
component degradation.

NRC Report on ICME (2008)

Distribution Statement A: Approved for public rele4327{B@N) 4



Die.lectri.c Materials for

- Capacitive Energy Storage :

Multifunction Motor Drive

Focus on improving energy storage density through
improved dielectric materials for cost effective, large

scale systems.

A Multiscale computation and computer aided discovery

based on permittivity and breakdown characteristic ‘\ _
optimization Capacitors
A ;I(')hteh%ré/rguided synthesis, characterization and feedback Capacitorsan make up 50% of the volume
A Understanding thermal stability RUPSERStora0cnCIConaIETRITIS
A Minimizing loss Proaress

ADiscovered and developing dielectric films based on
terpolymdiuoropolymemnultilayer extrusion, aromatic
thioureaand related systems and group IV metal
containing dielectrics (Si, Sn, Ge).

g/lalorSPartICIDantS AMaturing multilayer extruded films and higher

enn State temperature fluoropolymer blend systems for optimized
CWRU and NRL manufacturing

General Atomi€¥lyKrechnologies, Polymer Plus ANanocompost@proach to reduce leakage current at

high temperatures
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Focuson understanding and optimizing the
mesoscale and bulk properties of materials
with internal structures at the nanoscale.

A Both structural and multifunctional

nanomaterials, metals and ceramics pe—an e

A Multiscalecomputatioguiding and describing o

processing and stability of structures at
mesoscale and beyond

A Advanced characterization techniques Inherently multidisciplinary, integrating

A New synthesis and assembly routes experimental and computational approaches

A Novel assembly and manufacturing, including

repair tools Progress

A Formulatedfrenkepair model to explain
anomalous lattice expansion observed during
electridieldassistegintering of oxide ceramics.

Major Participants

Rutgers) PurdueJ A Maturinglectroplasticig a metal forming

U Colorado MIT technique.

Johns Hopkins U NRL A Exploring shipboandsituepair of GNi piping
UC Berkeley NAVSEA in heat exchangers, fire suppressionetains,

Integraffechnologies
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AM of Structural Non-oxide Ceramics by

Photothermochemically-assisted Reaction Bonding

 ——

ReactivePrecursor

Objective Precursor: Systems

A Develop photothermo-chemically- o
assisted reaction bonding techniques
for additive manufacturing (AM) of
non-oxide ceramics.

ReactionPathways and Therm
Conversion

Approach
A A binder-free, dense ceramic
formed from precursor materials.

A Binary phases will be converted to it
the same non-oxide ceramic. Partial pressures bensityand  Machine Learning for Process
A Process optimization will be MU ) ceramics Optimization
accomplished using neural networks. Other |
LaserProcessing Studies  fvae o N i
for AM Compatibility PO S, e
State of the art: A e e
A B D

R
Slll_n UV Laser Scanning mirror
[}
R2
: ;

UV / thermal

Post cure

UV curable monomers  Stereolithography or self-propagating
& UV photo initiator photo-polymerization Pre-ceramic polymer

(Z.C.Eckelet al.,Scienc016)

Polymer-derived ceramic
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Focus on understanding and obviating the
damage mechanisms active in the severe
temperature and chemical environment in
which Naval turbine engines operate to
optimize performanteyst:weighdtio) and
confidently minimizing maintenance
requirements.

ACreate and develop materials for ship and aero
turbine engine operating temperatures up 15000C.

ACharacterizing the thermodynamics and kinetics of
materials interactions affected by temperature,
environment, materials chemistry, and stress

Alntegratetheoretical and experimental approach to
computational models for design of materials,
materials processing, angrigeiction

AEstablish tools to understand and quantify highly
coupled degradation mechanisms as a function of
numerous variables (e.g. temperature, temperature
gradients, stress, contaminatesdiffusion
interfacial mobility, thermal stability, oxide growth
ratescorrosiviyy

Inherently multidisciplinary-coaifponent for
confident turbine efficiency in a hostile environme

Progress

A Characterization and understanding of coating
strength and grain structure inflaerfagukfe
under conditions where hold times are present

A Strongond coats amtterdiffusiatones increase
life, particularly for thin sections

A Improved understandirgMASnteractions with
TBCs/EBCs leading to materials solutions for
enhanced coatidgrabilitandimprovetife
prediction models, discovery of CMAG in ship
engines
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