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G : Great progresses have been made during the past decade on the designs of emerging
stretchable electronics, most of which are based on mechanism that exploits the buckling of
thin-film structures to achieve elastic stretchability. Many known designs of stretchable
electronic systems adopt ultra-thin interconnects that are bonded to the substrates in order to
enable devices that need to be encapsulated, but this type of bonded interconnects offer only a
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moderate level of stretchability (<60%). In this work, non-buckling interconnect design
with >45- p m-thick cross sections is proposed and systematically studied by experiments,
finite element analysis (FEA) and mechanics modeling. The results show that, compared to
thin-film structures, non-buckling structures can achieve much higher elastic stretchability, as
well as lower electric resistance and less heat generation (power dissipation), which are
crucial for high-performance, high-efficient electronic devices. Mechanics analysis on
non-buckling designs identify key geometric parameters that govern the deformation modes
and the elastic stretchability, and gives an optimal elastic stretchability as large as ~350%
which is about six times larger than previously reported optimized value (~60%).
Non-buckling structures that serve as semiconductor device and metal interconnects are
optimized by mechanics modeling, and experimentally demonstrated in applications such as
stretchable LED arrays, solar cell arrays, and antennas.
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HEZEE: Heat transfer from solid surfaces to impacting liquid droplets plays an important role in
many industrial technologies such as power electronics cooling, spray cooling, engine
performance, and pollutant emissions.When a liquid droplet impacts on a surface heated
above the liquid's boiling point, the droplet either immediately boils when it contacts the
surfaces (contact boiling), or without any surface contact forms a Leidenfrost vapor layer
towards the hot surface and bounces back (film boiling). We study the dynamics of the thin
vapor layer(around 100 nm) between an impacting droplet and the superheated surface, and
investigate how the boiling dynamics of the droplet change with impact inertia and
substrateproperties.We find that the whole impact dynamics is largely determined by the
dimple and neck formation beneath the droplet at the very beginning of the impacting process.
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W, WUREATR IS . fib#E Annu. Rev. Fluid Mech., J. Fluid Mech., Phys. Rev. Lett. %524 &
KT 80 &5 . PNEPERZ A HIT International Journal of Multiphase Flow ] 3
G, KB S12ERE 9T kR Journal of Hydrodynamics FIHAAT 423 .
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Amorphous plasticity: from dynamic free volume to shear
transformation
iR
R RL S 0 2 B AR Gk 2 I 5 S

HEZE: Understanding plasticity, i.e., how solids flow, is a classical problem. The plasticity of
crystals has been well described in terms of dislocation mobility starting with the seminal
contributions of Orowan, Polanyi, and Taylor, all in 1934. This classical mechanism however
breaks down in the face of amorphous solids lacking long-ranger period lattice. Instead, it is
accepted that amorphous plasticity results from the accumulation of local irreversible
rearrangements occurring within "zones" few tens of particles wide. Such rearrangement
events were initially defined as "shear transformations (STs)" by Argon in 1979. Despite
much controversy, it is commonly assumed that dynamic STs strongly correlate with the
inherent structural defect, i.e., free volume, and its dynamics. But the key is how to correlate.
In this talk, we develop a constitutive model for amorphous plasticity, by taking the
interaction of STs and free volume dynamics into account. A striking feature of the present
model is that the free volume (together with the temperature and stress) directly influences the
ST rates, instead of the absolute density of potential zones of STs. This constitutive model can
capture various plastic yielding behaviors including stress overshoot, strain softening and
hardening. Our analysis demonstrates that STs preferentially occur in those zones possessing
high capacity of dilatancy, i.e., creating free volume, rather than having high initial static free
volume. This physical picture has been evidenced experimentally in colloidal glasses. Finally,
the intrinsic transition from jammed to flowing states is reexamined within the present model.
It is revealed that the plastic yielding is inherently controlled by ST operations, whereas the
post-yielding behaviors highly depend on the free volume dynamics.
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Nature Communications, Advanced Materials %511 5 %5 A, Scientific Reports 1] 4a# .
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Field-induced Microfluidic Separation of Particles by Shape
Xiangchun Xuan (& [1%5)
Department of Mechanical Engineering, Clemson University

2 Shape is a fundamental property of particles, and also a good indicator of cell type,
cycle and state. It provides useful information for particle identification, cell synchronization
and disease diagnostics etc. Therefore, shape can be a specific marker for label-free particle
separation. | will present in this talk our recent studies on field-induced separation of particles
based upon shape. Specifically, three different microfluidic approaches will be covered in my
talk: (a) electric field-driven, where particles are separated in a double-spiral microchannel
via shape-dependent dielectrophoretic motion; (b) magnetic field-driven, where (diamagnetic)
particles are separated in a T-shaped microchannel via shape-dependent magnetophoretic
motion in a dilute ferrofluid; (c) flow field-driven, where particles are separated in either a
T-shaped or a simple straight rectangular microchannel via shape-dependent elasto-inertial lift
in a viscoelastic fluid. For each approach I will present experimental demonstration as well as
theoretical/numerical prediction if available.

W E AR’ ST : Dr. Xuan is currently an Associate
Professor of Mechanical Engineering at
Clemson University. He received his PhD
degree from the Department of Mechanical and
Industrial Engineering at University of Toronto
in 2006 and Bachelor of Engineering degree
from University of Science and Technology of




China in 1995. Dr. Xuan was a recipient of NSF CAREER award in 2012. His research
interests cover the fundamentals and applications of microfluidics with special interest in
particle and cell manipulations. He has published over 100 journal articles.
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Strain hardening behaviors under quasi-static tension and spall

behaviors under shock loading for a high specific strength steel
T
o RE S 7 S TR R 2 R A S

## ZE : We report a detailed study of the strain hardening behavior of a
Feel6Mnel0AIle0.86Ce5Ni (weight percent) high specific strength (i.e. yield strength-to-mass
density ratio) steel (HSSS) during uniaxial tensile deformation. The dual-phase (y-austenite
and B2 intermetallic compound) HSSS possesses high yield strength of 1.2-1.4 GPa and
uniform elongation of 18-34%. The tensile deformation of the HSSS exhibits an initial
yield-peak, followed by a transient characterized by an up-turn of the strain hardening rate.
Using synchrotron based high-energy in situ X-ray diffraction, the evolution of lattice strains
in both the y and B2 phases was monitored, which has disclosed an explicit elasto-plastic
transition through load transfer and strain partitioning between the two phases followed by
co-deformation. The unloading-reloading tests revealed the Bauschinger effect: during
unloading yielding in y occurs even when the applied load is still in tension. The
extraordinary strain hardening rate can be attributed to the high back stresses that arise from
the strain incompatibility caused by the microstructural heterogeneity in the HSSS.

A series of plate-impact experiments have also been conducted to investigate the
influences of shock pre-compression stress and microstructure on the shock and spall
behaviors of the high specific strength steel. It is observed that the spall strength significantly
decreases with increasing pre-compression stress. This trend could be attributed to the
accumulation damage within the target as the initial shock-induced compression wave
propagates through the target. The microcracks are clearly observed to nucleate from the
interfaces between y-austenite and B2 phase, and propagate along the interfaces or by cutting
through the B2 phase in the high specific strength steel during the spall process. The spall
strength was found to be higher when the strain hardening ability of the corresponding
microstructure under quasi-static uniaxial tensile condition is higher, indicating that the spall
strength should be a microstructure parameter of the HSSS reflecting the impact toughness
under impact tensile conditions. A damage function model was used to explain the
microstructure effect on the spall strength of the HSSS, the critical damage value relating to
the situation for triggering the onset of void coalescence was found to be the dominant factor
for determining the spall strength. The current findings should provide insights of designing
microstructures in the high specific strength steels for optimizing the impact properties.

Ref: M.X. Yang, et al., Acta Materialia 109, 213 (2016).
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Multiscale Mechanics of Cell Interactions with Nanomaterials
Huajian Gao
School of Engineering, Brown University

#% Z . Nanomaterials, including various types of nanoparticles, nanowires, nanofibers,
nanotubes, and atomically thin plates and sheets have emerged as candidates as building
blocks for the next generation electronics, microchips, composites, barrier coatings,

biosensors, drug delivery, and energy harvesting and conversion systems. There is now an
10



urgent societal need to understand the biological interactions and environmental impact of
Nanomaterials which are being produced and released into the environment by nearly a
million tons per year. This talk aims to discuss mechanics as an enabling tool in this emerging
field of study. The discussions will touch on some of the recent experimental, modelling and
simulation studies on the mechanisms of cell uptake of low-dimensional nanomaterials and
their effects on subcellular vesicles and damage.

Selected references:
1. H.J. Gao, W.D. Shi and L.B. Freund, “Mechanics of Receptor-Mediated Endocytosis,”

2005, PNAS, Vol. 102, pp. 9469-9474.

2. X.H. Shi, A.v.d. Bussche, RH. Hurt, A.B. Kane and H.J. Gao, “Cell Entry of
One-Dimensional Nanomaterials Occurs by Tip Recognition and Rotation,” 2011, Nature
Nanotechnology, Vol. 6, pp. 714-719.

3. Y.F. Li, H.Y. Yuan, A.v.d. Bussche, M. Creighton, R.H. Hurt, A.B. Kane and H.J. Gao,
“Graphene Microsheets Enter Cells through Spontaneous Membrane Penetration at Edge
Asperities and Corner Sites,” 2013, PNAS, Vol. 110, pp. 12295-12300.

4. W.P. Zhu, A. von dem Bussche, X. Yi, Y. Qiu, Z.Y. Wang, P. Weston, R.H. Hurt, A.B. Kane
and H.J. Gao, “Nanomechanical Mechanism for Lipid Bilayer Damage Induced by Carbon
Nanotubes Confined in Intracellular Vesicles,” 2016, PNAS, Vol. 113, pp. 12374-12379.

WEA®ST: Huajian Gao received his B.S. degree from
Xian Jiaotong University of China in 1982, and his M.S.
and Ph.D. degrees in Engineering Science from Harvard
University in 1984 and 1988, respectively. He served on
the faculty of Stanford University between 1988 and 2002,
where he was promoted to Associate Professor with tenure
in 1994 and to Full Professor in 2000. He served as a
Director at the Max Planck Institute for Metals Research
between 2001 and 2006 before joining the Faculty of Brown University in 2006. At present,
he is the Walter H. Annenberg Professor of Engineering at Brown.

Professor Gao’s research is focused on the understanding of basic principles that control
mechanical properties and behaviors of materials in both engineering and biological systems.
He is a Member of the National Academy of Engineering, a Foreign Member of the Chinese
Academy of Sciences and the Editor-in-Chief of Journal of the Mechanics and Physics of
Solids, the flagship journal of his field. He is also the recipient of numerous academic honors,
from a John Simon Guggenheim Fellowship in 1995 to recent honors including Rodney Hill
Prize in Solid Mechanics from the International Union of Theoretical and Applied Mechanics
in 2012, and Prager Medal from Society of Engineering Science and Nadai Medal from
American Society of Mechanical Engineers in 2015.
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Multiscale Interfaces Design in Solid for Improving Mechanical

Properties and Irradiation Tolerance of Materials
Jian Wang
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University of Nebraska-Lincoln

#ZE: Interfaces are common planar defects in solids. Interface can act as barriers, sinks and
sources for other defects. By tailoring interface structures and properties, materials can be
designed to achieve unusual properties, such as high strength, good ductility, high toughness,
and high irradiation tolerance. This can be accomplished through two steps: (1) Discover
unusual mechanical behavior (e.g., high strength and good ductility) of nanostructured
composites, and Develop theory and fundamental understanding of unusual mechanical
behavior. (2) Transform fundamental understanding of structural characters and deformation
physics of nanostructured composites into a mesoscale capability of discovering, predicting,
and designing superior nanostructured materials (strength, ductility, toughness, radiation). To
achieve this goal, multi-scale methods including experiment and theory and modeling are
necessary. In this talk, | will present fundamental principles in developing
interface-dominated composites, and the development of experimental techniques and
materials modeling tools at different scales.

WE A" Dr. Jian Wang is an Associate Professor at Mechanical and Materials
Engineering at University of Nebraska-Lincoln. He received his Ph.D in Mechanical
Engineering, Rensselaer Polytechnic Institute, Troy, NY, USA, in 2006. After that, He joined
Los Alamos National Laboratory and has been working as Technical Staff Member for 9 years.
Currently, his research interests are focused on more quantitative exploring the
structure-properties relationships of structural and nanostructured materials. He was awarded
International Journal of Plasticity Young Resaech Award, 2015; TMS MPMD Young Leader
Professional Development Award, 2013; the LDRD/Early Career Award (2011); and the
LANL Distinguished Postdoctoral Performance Award in 2009. He has ~200 peer-reviewed
publications (~5400 citations and H-index = 44, 25 papers selected as 25 Hottest Articles in
Materials Science), three book chapters and 65+ invited/keynote presentations. He is serving
as Editorial Boards for several materials journals such as International Journal of Plasticity
and Scientific Reports.
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[1] Experimental study on the interfacial instability induced by shock waves. Advances in
Mechanics, 44(2014), 201407.

[2] The Richtmyer-Meshkov instability of a three-dimensional air/SF6 interface with a
minimum-surface feature. Journal of Fluid Mechanics, 722 (2013), R2.

[3] Richtmyer-Meshkov instability of a three-dimensional SF6-air interface with a
minimum-surface feature. Physical Review E, 93 (2016), 013101.

[4] Principal curvature effects on the early evolution of three-dimensional single-mode
Richtmyer-Meshkov instabilities. Physical Review E, 93 (2016), 023110.
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