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Materials Testing in Extreme Environments
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Microstructural Tomography & 3D Materials Science
Tomography in 

Liquid Solid Systems

Tri-beam Tomography System
(EDS and EBSD Capabilities)

3-D Reconstruction of mm-scale datasets, 
million times the speed of FIB tomography LEAP system for Atom Probe Tomography

APT: Coherent B2 
Precipitates in A2 Matrix

Biphasic Thermoelectric 
Materials

XCT of Pore 
Connectivity In Graphite

Y2Ti2O7
in NFA






Integration of Theory, Computation and Experiment

Tomography and 
Sharp Interface 
Approaches for 

Solid/Liquid Systems 
(Gibou & Pollock)

Virtual testing
(Begley, Levi, Zok)  

Phase Equilibria
Thermochemistry 
at Interfaces
(Levi, Pollock,
Van der Ven)









Materials Research at UCSB

AlloysCoatings CMCs

PW-COEC
CMCs, EBCs,

(Zok, Begley, Levi)

ONR+IMOD
CMC Processing

(Zok, Levi)

SIEMENS
Oxide CMCs/EBCs

(Zok, Levi)

IHI Turbine Materials 
Research Center
(Zok, Begley, Levi)

NASA-CMC 
Processing (Daly)

DMREF-Co
(Pollock, Begley, Levi, 
Gibou,  Van der Ven)

DMREF-Ti 
(Van der Ven, Levi

Marquis, Garikipati)

AFOSR-COE
3D Microst Tools
(Pollock, Hemker…)

AFRL - RU 
Damage Detection 

(Pollock)

AFRL
3D Printed Metals

(Begley, Pollock)

GE – Fatigue & 
3D Analysis - Ni

(Pollock)

ONR-3D Ti 
Microstructure 

(Pollock)

ONR MPE Alloys
(Pollock, Gianola, Levi, 

Beyerlein, Van der Ven)

DOD Bush Fellow 
3D Printing

(Pollock)

ONR – Predicting
Alloy Behavior

(Pollock, Beyerlein)

HW-UCSB 
Alliance: Low k

(Levi, Sampath)

ONR-SPLCF 
(Pollock)

ONR-CMAS
(Levi)

ONR-QuesTek
CMAS Database

(Levi, Poerschke)

ONR-EBC 
Mechanics (Begley)

HW-UCSB 
Alliance: CMAS 

(Levi)



Carbon fibers 
dispersed in      

UV-curable resin

10 mm

0.3 mm

3 mm

AC signal at harmonics of 
resonant frequency (~3 

MHz)

UV light 
source

1 mmReal 
time

Field-assisted 3D printing
acoustic focusing of two-phase inks

Begley & Gianola
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Field-assisted assembly
tuning electrical conductivity

Begley & Gianola



piezo on

piezo off

piezo on

On-the-fly ordering
focusing and assembly with flows

Collino, R.R., Ray, T.R., Fleming, R.C., Cornell, J.D., Compton, B.G. and Begley, M.R. (2016) Extreme Mechanics Letters.

Begley & Gianola









Field-assisted assembly
functionalized colloidal solids

print time: ~20 secs

Begley & Gianola






Alloy design for 3D printing
controlling nucleation & solidification

Pollock, Gibou, Begley






Structural design for 3D printing
defect/anisotropy tolerant lattices
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Begley & Zok



Industry
Applied Materials
ATI Specialty Alloys
Boeing
Ford Research
General Motors
GE Research
GE Aviation
GE Power
Honeywell Aerospace
HRL Laboratories
IHI Corporation
Lockheed Martin
Medtronic
Pratt and Whitney/UTRC
QuesTek
Rolls Royce
Siemens
Teledyne Scientific

CMU
Harvard

Johns Hopkins
Michigan

Minnesota
NC State

Northwestern
Ohio State

Purdue
RPI

Stony Brook
UC Berkeley

UC Irvine
UC Riverside

U Penn
Virginia

Collaborating Organizations

International
Darmstadt TU (Germany)

ESI (Austria)
ESRF (Grenoble)
FMU (Erlangen)

Institute P’ (Poitiers)
Israeli MOD Research Center

Karlsrühe Institute (Germany)
Liebnitz Institute (Saarbrücken)

German Aerospace Center (DLR)
Oxford University

University of Cambridge
University of Melbourne

University of Sydney

Academic

Government
Laboratories

AFRL
LBNL
INL

Los Alamos 
NASA

NREL
Oak Ridge

Sandia 



Structural Materials and Solid Mechanics Faculty

Tresa M. Pollock
Alcoa Chair, NAE, GASL

Alloys, Processing,
3D Materials Science

Robert M. 
McMeeking*

Evans Chair, NAE, FREng
Computational

Mechanics of Materials

Carlos G. Levi*
Mehrabian Chair,

HT Coatings, CMCs,
Alloys,  Processing

Frank W. Zok
Ceramic Composites

Lattice Structures

Anton Van der Ven
Computational 

Materials Science

Daniel S. Gianola
Micro/Nano-Scale 

Mechanical Behavior

Matthew R. Begley**
Multilayer Mechanics

Additive Manufacturing

Samantha Daly**
Experimental Mechanics

of Materials

G. Robert Odette
Research Professor

(Emeritus)
Materials for

Nuclear Energy

** Major Appointment in Mechanical Engineering  * Minor Appointment in Mechanical Engineering

Irene J. Beyerlein**
Comp Mechanics

Plasticity
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