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Motivation
L
» SIC-Si;N, Nanocomposites

¢ Evidence in literature that both fracture
toughness and creep resistance can be improved ©
in the case of SiC-Si;N, nanocomposites Niihara,
Mukherjee etc.

+» Multiscale microstructure

»Polymer-Derived Ceramics (PDCs) _ psgranar
<*A novel way to process si based ceramics

“sMicro-structure and properties can be further
tailored by adding filler particles

cubic-SIC: B-Si3N4:
Cree_p resistance v N
(High Temp.)
Room Temp. v v
Strength :
High Temp. v v
Toughness (High Temp.) x v
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Few Micrographs
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Interfaces
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Experiments

Experimental Microstructure

Finite Element Molecular Models of Interfaces To
Derive Finite Element Properties

pBSE19 15KV

Finite Element Representation Based on
Experimental Microstructural Characterization

N

Detailed View of Finite Element Mesh with
Explicit GB and Orientation Representation



Outline
<

» High temperature creep and nanoindentation experiments

% Scale dependent nanoindentation upto 773 K
% Nanoscale creep at different strain rates and maximum load

» Cohesive finite element based modeling of dynamic fracture failure in SiC-
SizN, nanocomposites

% Cohesive analyses accounting for second phase particle distribution and grain
boundary distribution effects

% High temperature constitutive models and trade-offs in designing these materials
for high temperature performance

» Insights from molecular analyses
% Nanoscale fracture and strength at room temperature
* Role of temperature in strength upto 1500 K

» Designing materials in an optimization framework
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Experimental Investigations
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Deformation Visualization
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Multiscale Temperature Dependent Moduli
N
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Issue of Thermal Drift

Creep Test
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Thermal Drift at Nano and Micron Scales
.

Nano Thermal Drift vs. Temperature Micro Thermal Drift vs. Temperature
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Thermal Drift rate changes as a function of both temperature and load

The drift values at different load/temperature are fitted linearly to show this
relationship
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Creep Models
A

From classical mechanisms of creep deformation, creep is a
consequence of dislocation motion or diffusion.

n D m Q
: .| O
E, =&y — — | eXP| ———
o, ) \ D, RT
Dislocation controlled creep: n=3 to 5, m=0
Diffusional controlled creep: n ~1,m=-31t0 -2

. V3 Q
. n Q g =20 "' Gexp(ac exp(——j
gc = AG exp(—ﬁj 7, (1—Vf )2 ( ) RT

diffusion Cavities
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Creep Measurements (h vs. t)

Nano-Creep Curve With Thermal Drift Correction, 300mN Nano-Creep Curve With Thermal Drift Correction, 500mN
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Exponent and Strain Rate

Nano-Creep Thermal Drift Corrected Nano-Creep Thermal Drift Corrected
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Outline

» Cohesive finite element based modeling of dynamic fracture failure in SiC-
SizN, nanocomposites

% Cohesive analyses accounting for second phase particle distribution and grain
boundary distribution effects

% High temperature constitutive models and trade-offs in designing these materials
for high temperature performance

UNIVERSITY DF
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eal Microstructure

N

Idealized Microstructural Representation
O

SiC
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Experiments

Experimental Microstructure

Finite Element Molecular Models of Interfaces To
Derive Finite Element Properties

pBSE19 15KV

Finite Element Representation Based on
Experimental Microstructural Characterization

N

Detailed View of Finite Element Mesh with
Explicit GB and Orientation Representation



Propagation of Crack-Local View
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Microstructure Damage Pattern
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Propagation of Crack-Global View
O
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Microstructures of Focus-I
L.
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Damaging Effect of Second Phase Particles

0.01875 psec
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Microstructures of Focus-11
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Damage Control Effect of GBs
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Outline
.

» Insights from molecular analyses
% Nanoscale fracture and strength at room temperature
* Role of temperature in strength upto 1500 K
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Atomistic Microstructures To Analyze Particle Size Effect
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Particle Clustering
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Microstructures Analyzed To Understand Effect of GB/Interface Thickness and

Temperature
e o o
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Stress-strain Relations
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Effect of Temperature on Deformation Mechanism

.
300 K 1500 K
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Outline
..

» Designing materials in an optimization framework
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Design Optimization
<

*» Computer simulation can be very expensive for optimization.

** Need of optimization techniques for dealing with such

simulations.

o(re00m)

FEA

Layered
Composites
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Computer-aided design to investigate materials for use in future high
temperature power plant applications

Variable Fidelity
Optimization

Fracture and
- ! creep resistance
argets | at about 1800 K

Design

: : Optimal
SIC-SI;N _
o ‘ Morphologies
: * Phase size
Design |, Phase Volume o
Variables : SiC-Si;N,
Fraction nanocomposite with

desired properties

Want: Accuracy of quantum mechanics (QM) in 102 atom systems...

This is impossible (today and in the foreseeable future)

Possible solution: ~1 023 atoms
Multi-scale modeling techniques MACROSCALE

based on hierarchies of overlapping Bridge
- '-..-\;
scales B
MESOSCALE \
(D)
g MEMS
-
NEMS Concept:
“finer scales train coarser
Electronics scales by overlap”

Program Ma
1 002 atoms Iength © 2005 Markus J. Buehler, CEE/MIT g



Material Design Methodology

» Address computational challenges.

» Address model management issues.

Trust Region
Variable Fidelity
Optimization
Framework

High &
Low
Fidelity
Models

Analysis:
FEM,
CFEM, MD,

oM

Design Targets
Design Variables

PURDUE @Jx67E bavi
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Optimal
Morphology
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LOW FM HIGH FM

Objectives: Definition of Models
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PROBLEM 1 Analytical
Response Surface Mode F racture ~ :
s a2 Mechanics & FEM
BWY f(w) Surrogate Fracture (Comsol) f
y=tix, 2) Modeling toughneSS
PROBLEM 2
FEM — FEM
(ABAQUS) Strgr:g(;tg & || (ABAQUS)
2D Model strain 3D Model
resistance
PROBLEM 3
<)
FEM o CFEM
(ABAQUS) [|Strength &1 o\ g oyg)
| deal Creep Real
microstructure || Stain e ostructure
resistance
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Variable Fidelity Optimization Algorithm

. . Evaluate:
Startln?( Design| LI frigh®o): fiowlXo):
- ghigh(xo)= glow(xo)
O] y
& Evaluate:
> Vhigh®n): Viow(Xp): Construct

New Design Scaling Model

*| Scaling Model —j
V9high*n)s VOiow(Xp) \ -
/

[
|
| |
\ | X A |
\ —
:I fIr:}w |
Reject x .. T ' —— |
? ‘man J I I Low Fidelity Model I
ERLD R | |

‘i[;z n+1—n IX_ _____
i — n*
~ =~ -
Fail Axcciﬁt?ﬁ @;e o \ Evaluate:
L Convergence ) n*__{n Manager%ent fhigh(®n)> flow(Xn):
Te_s_t/ n+1— '\ (Adjust A) ghigh(xn)s glow(xn)
Pass
= <o TRtestfails. Reject step.
X =X, P Reduce A.
P = fhigh(*n) p>0 TR test pass. Update A.

Gano et al., 2004
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Find optimal CFCC configuration for improving

Problem 1
fracture toughness (K,q)
Construct scaling model Optimize scaling model
f, . (X) £ ()~ B (X maximize BiKic.,, (Vf,e),
B(x) = fT gh(X) : hlgh( )% X T () subjectto:  BiK, <BIK (Vf,e),
0< V, <02,
0°< 6<90°,
-0.05< AV, £0.05, and
Design Fracture Variable Fidelity o< AG< 40
Target resistance Optimization

Design
Variables

—> l mmm) | Ovima

Morphology

* Second Phase
orientation angle e
e Second Phase
Volume Fraction

maximize Mode-1 K . (Vf ,6?)
subjectto: K, <K (V,,8)

93500 N ’

High fidelity (HF)
model

Low fidelity (LF) model

Kic and K,

Response surface
approximation for K

PS a
=g )

Analytical
fracture
mechanics for K

0< V, <02 obtained using
0° < @< 90° FEM (COMSOL )
Design load

PURDUE &) NOTRE DAME

Mejia-Rodriguez, G., J.E. Renaud, and V. Tomar, A variable fidelity model management framework for designing
multiphase materials. Journal Of Mechanical Design, 2008. 130(9).
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Results

Initial design: V° = 0.05, 6°=0.3 rad
K% =7013519.6 MPa-m??

Problem 1

80% reduction in H@

Optimization Low Fidelity | High Fidiyz{y iteration | o~ (rad v* K " (MPa.r/2
Method Simulations | Simulatighs (rad.) f ic (MPa-m)
Conventional 0 /109 10 0.08528 | 0.2 7239246.361
Variable Fidelity 187 \24/ 4 0.08531 | 0.2 7239245.175
0.3 ey 0.2 D

B2

= 0.15

5 0.2 .

- =

it (2 < 0.1

£0.1 0.05
<]
- O 5 10 13
G[I 5 1] 13 . .
- ! Trust Re@on Adjustments
Trust Region Adjustments =t )
lterati Trust Region | Trust Region Size Convergence Design Varibles and Obj. Function
eration
Adjustments AO AVs A A O (rad.) Vs Kic (MPa-m?)

1 1 0.07 0.05 0.2828 | 0.0111 0.23 0.1 7091470.873
2 1 0.14 0.10 0.6859 | 0.0208 0.09 0.2 7239211.263
3 1 0.28 0.20 0.0214 4E-06 0.08530 0.2 7239241.029
4 10 2.1E-10 | 0.0000012 | 0.00002 | 6E-07 0.08531 | 0.2 7239245.175
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Problem 2 Find optimal CMC (ceramic matrix
composite) configuration

eIncorporate Multiobjective Optimization formulation
«Construct scaling model: It will allow to incorporate higher
dimensionality that is not present in LF model

Variable Fidelity

_ Strength Optimization
Design & ‘ Pareto Optimal
Target Creep ‘ Morphology
resistance : :
Simulations

Ideal microstructures

Displacement

3-D HF IR 2-D LF
* FEA model T FEA model
. . v
_ Design Variables Design Variables
Continuum based models d-Grain width- d-Grain width-
are used to define: height height

" |- Grain length

=% T-Temperature
T-Temperature v

 Flow stress
» Creep strain rate

v
* Multiphysics models with different input variables
» 2D LF captures physics of 3D HF

PURDUE (@) NOTRE DAME DE-FG26-07NT43072: Program Manager Dr. Patricia Rawls

UNIVERSITY

N




Creep Model for SiC (Hexology)

»By using the Norton relation for stress, the secondary creep
relation for time and the temperature dependence, the creep strain
rate expression for SiC used in this research takes the form:

& =Ac" exp(—%) The constants A, Q and n
are determined from a fit
el of the last equation to
—tsac ] experimental data taken at
. Bk 150 MPa and at
d Qiaiiiy temperatures ranging
B ] from 1500 C to 1600 C.
° S A =6.2e6 seg.Pa’?
o R n=16
i , = Q =980 KJ/mol
Applied Stresg.1FE'|: R =8.31447 J/mol K

A fit to tensile data collected on Hexology
Wiederhorn et al., 1999

UNIVERSITY OF
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Creep Model for Si;N, (SN-88)

.
The creep strain rate the creep strain rate expression for Si3N4 used In

this research takes the form:
Krause R.F. et al., 1999

> = Ao ex exp| ———
¢, = Aoexp(ao) p( -

J

10 ¢

B
o
.

Creep Rate, 1/s
o

=
o
©

-10 e ‘ L f

10 —
10 10
Applied Stress, Pa

The constants A, Q, and «a
are determined from a fit of
the last equation to
experimental data taken at
1150 C, 1200 C, 1250 C,
1300 C, 1350 C and 1400 C;
and at stresses ranging from 10
to 400 MPa.

A = 3.89¢e6 seg?

o =0.0197 0.0008 MPa-1

Q=715.3 22.9 KJ/mol

R = 831447 J/mol K
(Boltzmann’s constant )

Fit of tensile data collected on SN-88 Yoon et al., 2000
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Stress-Strain curves

x 10
<
—+1300°C
gl | "°1400°C
. . . ] . *1500°C
<Yield function for strength (SizN, & SIC) | =100

&
e 0T
E &
oc=0,|1+| — —-exp| —
0 c & RT
0 0
Lei et al_, 2000 0 0.002 0.004 0.006 0.008 0.01

Strain

Stress-Strain curve for SizN, showing
increment in strength as temperature goes
down from 1600°C to 1300°C.

X 108 ‘
0 o
—+1300°C S|3N4

10

0, .
-e-1400"C S|3N4

Om o
-%-1500°C S|3N4
2-1600°C SI3N4

—1300°C SiC
%1600°C SiC

Stess, Pa

0 0.002 0.004 ~0.006 0.008 0.01
Strain

Stress-Strain curve for SiC showing small

. . . 0 0.002 0.004 0.006 0.008, 0.01
increment in strength as temperature rises Stress-Strain curvetor Si;N, and SiC as a
from 1300°C to 1600°C. function of temperature.
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Creep Strain Rate

60

Strength and Creep behavior as a

function of Design Variables

50-

&
Strength
(normalized)
w S
= &

N
o

|
e

+Créep Strain Rate
% Strength

o
N

0.4 0.6 0.8 1 1.2

Fiber width-height, m

(d)

Strength and creep strain rate
at 1500°C as a function of the

design
height

variables fiber width-
(d) and fiber length (1)

for the 3-D high fidelity

model.

UNIVERS

PURD

UNIVERSITY OF
UE @NC}TRE DAME
I T Y

N
o

Creep Strain Rate
&
Strength
(normalized)

Fiber length, m

Problem 2

| Strength and creep strain rate at

1500°C as a function of the design

variable fiber width-height (d) for the
| 2-D low fidelity model.

[ICreep Strain Rate
[IStrength

x 10

Fiber width:height, m
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Problem 3 Develop nanocomposites whose performance variation is
Insensitive to processing (microstructure) variations

sIncorporate Multiobjective Optimization formulation
sIncorporate Robust Optimization approach.
*Construct scaling model

Variable Fidelity
_ *Fracture Optjmizatio
Design Toughness Pareto Optimal
Targets Strength ‘ ‘ Morphology
*Creep
resistance

HF real microstructure LF ideal microstructure

 Multiphysics Design variables

Design variables:

models with  Grain size distribution Grain si
different input * Number of grains -NL?InanIrzoef ains
variables « Volume fraction g

*\/olume fraction

| F Captures e Grain orientation

physics of HF

CZM at grain boundaries & continuum Elasto-plastic continuum models to
models to define behavior of single phase define behavior of single phases
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| i
Microstructural Postprocessing SSLop el
M?

« Number of Si;N, grains *Growth of Intergranular
« Number of Intergranular SiC grains SiC grains
* Number of Intragranular SiC grains » Growth of Intragranular
Error « Initial nucleation (SizN, grains) SiC grains
* Nucleation rate (Si;N, grains)
* Volume fraction
e Grains size
e Grain size distribution
* Number of grains _
Error Submitted to
AlAA J, 2010
* Volume fraction
» Grains size
e Grain size distribution
* Number of grains
Propaga_lted 1 Performance Microstructure size: 100pm x 150um
uncertaint
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Test Problem

=1land a=0.5, at
T=1500°C and T=1600°C

Optimization Formulation

Minimize S, = a-[-S,] +({1-a)-vrt[S,] 4 cases

Minimize S, __ =w,S (a, T=1500)+w,S (a, T=1600)| a=landa=0.5 |2 cases
- (w;=w,=0.5)

Quadratic least square response surface

Fractional factorial
T(z) =4, +Za.2. +Zza., 2, design sampling
j=1

i=1
(get y and o for each

sample)

Figure 1. An illustration of the effect of 1a u:|.1:r.‘_-"“-1E 3- .T o

{s,) \
errors m pmd‘.;c‘.:g an estima ted ] ear mode |. boundar: ect of 4

> esizn sp;_:e: af
{dached) that has a different slope than the true tandom emor temms s reduced. Now, &
Hl near nr;cdel ].u:l) |E“m-’ =d ]’-‘-‘E“ model (dashed) is a_bett

approximation to the tue lmear medel (salid).
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Case 1. Results for a=1, with initial design x,=[20, 10, 10, 4, 4, 5, 5],

and strength value S;=0.039321 J.
<

T=1500°C and a=1

Iteration X, X, * S, S
1 [20, 10, 10,4, 4,5,5] | [16,6,8,5,5,4,4] | 0.039628 0.039414
2 [16,6,8,5,5,4,4] |[12,2,7,1,5,4,3] | 0.039552 0.039482
3 [12,2,7,1,5,4,3] |[[10,1,1,1,4,3,2]| 0.039540 0.039530
4 [10,1,1,1,4,3,2] |[[10,1,1,1,5,2,4]| 0.039535 0.039528
4 [10,1,1,1,4,3,2] | (revaluate design and start using UQ in RSA)
5 [10,1,1,1,4,3,2] |[[13,1,1,1,1,5,2] | 0.039549 0.039497
6 [10,1,1,1,4,3,2] |[10,1,1,1,4,3,2] | 0.039530 0.039534
No. samples RSA No. samples Test TR
Iteration p & & & (UQ (UQ
Evaluations/sample) | Evaluations/sample)
1 0.30 | 2.06E-04 | 8.94E-05 | 0.181 66 (1) 1 (30)
2 0.49 [ 6.78E-05 | 6.54E-05 | 0.186 49 (1) 1 (30)
3 0.83 | 9.59E-06 | 4.66E-05 | 0.167 49 (1) 1 (30)
4 -0.41 - 41 (1) 205 1 (30)
4 (revaluate design and start using UQ in RSA)
5 -1.80 - 41 (30)1230 1 (30)
6 25.09 | 3.24E-06 | 3.38E-06 | 0.0 65 (30)1950 1(30) 180 3565
PURDUE @) NOTRE DAME DE-FG26-07NT43072: Program Manager Dr. Patricia Rawls

UNIYV

E RS I

T Y



Case 2. Results for a=0.5, with initial design x,=[10, 1, 1, 1, 4, 3, 2],
and strength value S;= 0.0395237 J.

Iteration X, X * S, S, T=1500°C and a=0.5
5 [10,1,1,1,4,3,2] | [10,1,1,3,4,3,2] | 0.0395253 | 0.0395239
6 [10,1,1,3,4,3,2] | [10,1,1,3,4,3,2] | 0.0395251 | 0.0395238
lteration . . . No. samples RSA No. samples Test TR
P fl f2 x| (UQ Evaluations/sample) | (UQ Evaluations/sample)
5 0.15 | 1.35E-06 | 2.36E-07 | 0.051 65 (30) 1(30)
6 -0.13 - - 0.0 62 (30) 1(30)
97 . % 08 % 15 ! 4 0.025 :
al 1 & & | <, 1
b | 506 2 | 2 :
s® ! I = ! g !
g : 3 os 7 : 2 :
o 93 ! g 205 : 2 :
~ o 3 i s E oo € o : . ® ooos, e y )
Iteration § 1 * leration ° é 1 ° lteration ° lteration
< 0.025 i 0.0396 : 11x10°
Zm 1 1 -
@ 00 : _£0.0395 | 1% |
it : £ 0 0304 : g :
@ oo : % | £ :
T 000 ! go.os% ! e !
8 | : & :
@ % 2 3 :1 5 0039 2 3 4 5 6 61 2 3 4 é 6
Iteration — Iteration — Iteration
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Case 3. Results for a=1, with initial design x,=[25, 15, 15, 4, 4, 5, 5], and strength value S;=0.033152 J.

Iteration X, X.* S, S
1 [25, 15, 15, 4, 4, 5, 5] [21, 19, 21,5, 5, 6, 6] 0.035251 0.033768
2 [21, 19, 21,5, 5, 6, 6] [23,23,23,4,6,7,7] 0.034218 0.034141
3 [23,23,23,4,6,7,7] [32,21,28,1,7,8,8] 0.034765 0.034341 T:16000C and G:].
4 [32,21,28,1,7,8,8] [40, 19, 35, 10, 10, 8, 8] 0.034661 0.034408
5 [40, 19, 35, 10, 10, 8, 8] [40, 19, 35, 13, 10, 8, 8] 0.034639 0.034480
6 [40, 19, 35, 13, 10, 8, 8] [40, 19, 35, 19, 10, 8, 8] 0.034663 0.034485
7 [40, 19, 35, 19, 10, 8, 8] [40, 24, 35, 21, 10, 8, 8] 0.034706 0.034534
8 [40, 24, 35, 21, 10, 8, 8] [40, 25, 36, 21,9, 7, 7] 0.072728 0.034274
8 [40, 24, 35, 21, 10, 8, 8] (revaluate design and start using UQ in RSA)
9 [40, 24, 35, 21, 10, 8, 8] [36, 23, 29, 21, 10, 8, 8] 0.034707 0.034502
10 [40, 24, 35, 21, 10, 8, 8] [40, 25, 36, 21, 10, 8, 8] 0.034574 0.034569
lteration P 6 6 ‘, No. samples RSA No. samplgs Test TR
(UQ Evaluations/sample) (UQ Evaluations/sample)
1 0.29 | 1.43E-03 | 5.97E-04 | 0.18 66 (1) 1 (30)
2 0.83 | 7.45E-05 | 3.61E-04 | 0.19 33(1) 1 (30)
3 032 | 4.10E-04 | 1.93E-04 | 0.33 25 (1) 1 (30)
4 0.21 | 2.45E-04 | 6.49E-05 | 0.33 49 (1) 1 (30)
5 031 | 154E-04 | 6.91E-05 | 0.08 65 (1) 1 (30)
6 0.03 | 1.72E-04 | 4.88E-06 | 0.15 50 (1) 1 (30)
7 022 | 1.65E-04 | 477E-05 | 0.21 49 (1) 1 (30)
8 -0.01 - - - 65(1) 402 1 (30)
8 (revaluate design and start using UQ in RSA)
9 -0.19 - - - 49(30) 1470 1 (30)

10 fal
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Case 4. Results for a=0.5, with initial design x,=[40, 25, 36, 21, 10, 8, 8],
and strength value S;=0.034563 J.
(S —————

Iteration * S S
! % Al i f T=1600°C and a=0.5
11 [40, 25, 36, 21, 10, 8, 8] | [36, 21, 29, 18, 9, 8, 8] | 0.035187 0.034386
12 [40, 25, 36, 21, 10, 8, 8] | [40, 24, 36, 21, 9, 8, 8] | 0.034566 0.034590
13 [40, 24, 36, 21, 9, 8, 8] | [40, 24, 36, 21,9, 8, 8] | 0.034595 0.034597
lteration No. samples RSA No. samples Test TR
P o é12 & (UQ Evaluations/sample) | (UQ Evaluations/sample)
11 -0.23 - - - 49 (30) 1 (30)
12 10.22 | 2.38E-05 | 2.63E-05 | 0.11 65 (30) 1(30)
13 152 | 2.31E-06 | 6.77E-06 | 0.0 62 (30) 1(30)

- 7 : I—g 16 i g 18 | Zﬂ 0.8 :
gm 70 X %14 E %15 : @m 06 !
5 6 ' €., : 14 | g .
T o ! 3 1 %12- 1 Q 04 :
S s g AR : @ |
é 50 . E 8 | E s i E v’ E
> ! % ; 2 6 4 6 8 & 0 !

® 4Iteraticm6 & E ? 4Ileranion6 ’ = lteration 4 4Iteration6 ’
04 0.037 . x10 .
z, I - : > :
Zf:g 0.3 ! =0.036 ! 0 !
@ : ) | £ !
% 0. | émm//_j‘:_‘ % '
o 1 w 1 = 1
N 1 4 1 " !
@ oy 4 6 8 e V2 4 8 ] T 4 6 ) 10
Iteration

6
Iteration Iteration
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Case 5. Results for a=1, with initial design x,=[20, 10, 15, 10, 5, 5, 5],

and strength value S; ,, = 0.427 J.

1 [25, 10, 15, 10, 5, 5, 5] [25, 14, 15, 4, 4, 6, 6] 0.653 0.467 M UItIObJeCtlve’ a=1
2 [25, 14, 15, 4, 4, 6, 6] [25, 15, 16, 3,5, 7, 7] 0.538 0.535 (W1:O-5(15000C)
3 [25, 15, 16,3, 5,7, 7] [23,17,19, 1,5, 8, 8] 0.660 0.650 (w,=0.5(1600°C)
4 [23,17,19,1,5, 8, 8] [19,17,19,1,5,8, 8] 0.712 0.668
5 [19,17,19,1,5,8, 8] [15,17,15,7,4,8, 8] 0.717 0.684
6 [15,17,15,7,4,8, 8] [11,17,11,7,4,8,8] 0.756 0.700
7 [11,17,11,7,4,8, 8] [10, 18, 10, 6, 4, 8, 8] 0.718 0.702
8 [10, 18, 10, 6, 4, 8, 8] [10, 18, 10, 6, 4, 8, 7] 0.731 0.681
8 [10, 18, 10, 6, 4, 8, 8] (revaluate design and start using UQ in RSA)
9 [10, 18, 10, 6, 4, 8, 8] [10, 19, 10, 6, 4, 8, 8] 0.740 0.703
lteration p 6 o 6, No. samples RSA No. samplt?s Test TR
(UQ Evaluations/sample) | (UQ Evaluations/sample)
1 0.18 1.27E-01 2.82E-02 0.22 66 (1) 1 (30)
2 0.96 2.02E-03 4.64E-02 0.18 65 (1) 1(30)
3 092 | 6.21E-03 7.49E-02 0.18 65 (1) 1 (30)
4 0.28 | 2.67E-02 1.07E-02 0.13 49 (1) 1 (30)
5 0.33 | 1.96E-02 9.73E-03 0.15 33(1) 1 (30)
6 0.23 | 3.28E-02 9.66E-03 0.13 25 (1) 1 (30)
7 011 | 9.12E-03 1.10E-03 0.04 48 (1) 1 (30)
8 -0.71 - - - 47(1) 398 1 (30)
8 (revaluate design and start using UQ in RSA)
— A S S AT

_ U : NOTRE DAME DE-FG26-07NT43072: Program Manager Dr. Patricia Rawls

=L



Case 6. Results for a=0.5, with initial design x,=[10, 18, 10, 6, 4, 8, 8],
and strength value S ;= 0.070199 J.
(S ————

Iteration X, X, * S, S tiobiect
10 [10, 18, 10, 6, 4, 8, 8] [10,17,9,5, 4,8, 8] 0.70307 0.70209 Mu tIObJeCtlve’ a=0.5
11 [10,17,9,5, 4,8, 8] [10,17,9,5, 4, 8, 8] 0.70210 0.70230 (W1:O'5(15000C)
1 1 1 1 ) 1 1 1 1 1 bl 1 . . (W2:0.5(16000C)
lteration No. samples RSA No. samples Test TR
P o é12 & (UQ Evaluations/sample) | (UQ Evaluations/sample)
10 0.03 | 5.74E-04 | 1.76E-05 | 0.04 65 (30) 1(30)
11 21 | 1.17E-04 | 1.23E-04 | - 49 (30) 1(30)
o T L i '-
: — N L Zu :
E 70 E g 6 : .5.. 6 | tg 0. :
565 46 z:a § 4 E Lg M 4 6 8: Eo.os 4 6 ‘i
S lteration § ? 4Iteration6 ’ § lteration 2 Iteration
220_25 | 0.8 1 4x 107 i
® ! 5 | = |
E 0.2 : =0 | §3 :
= 1 ] ! s 1
90_15 1 E : - 2 1
® | % - £ |
% 0. : § : ‘@1 '
? lteration Iteratign i Iteratign : 1
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summary

» Coal will become the energy and raw material resource of choice in the
coming decades. The key is developing technologies for clean coal
utilization. It is estimated that the use of bulk materials (SIC-Si;N,) with
high temperature properties to operate at temperatures in excess of 1500

C in power plants can result in enhancements in the power generation
efficiency by 10% to 15%.

» The Computer Aided Multiscale Design tool is expected to work
efficiently on obtaining the most suitable sets of morphologies (design
variables) to obtain a designated target set of properties by integrating
multiscale simulations of the SiC-Si;N, nanocomposite in a trust region
variable fidelity framework.

» The tool is based on a sound combination of atomistic simulations,
continuum simulations, and experiments in a design optimization
framework

» The tool is efficient compared to existing approaches and has predicted
many important insights about material behavior
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