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Novel Plastic Mechanisms at the Nanoscale
Jun Wang
State Key Laboratory of Nonlinear Mechanics, Institute of Mechanics
Chinese Academy of Sciences

Abstract: Dislocation activities in metals and alloys might be most people’s intuition at the
first sight of plasticity. On the contrary, here we present dislocation-irrelevant plastic
mechanisms such as phase transformation and influence of microstructures. These
mechanisms take effect in nanoscale ceramics and semiconductors while they are well known
for brittleness at the macroscopic scale. The finding broadens the knowledge of plasticity and
sheds light on the structural design of nanomaterials with exceptional mechanical properties.
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Digital Manufacturing Enabled Active Composites and 4D Printing
H. Jerry Qi (G%ii0)
George W. Woodruff School of Mechanical Engineering
Georgia Institute of Technology, Atlanta, GA, USA
gih@me.gatech.edu

Abstract: Recent advances in digital manufacturing allow the precise placement of multiple
materials at micrometer resolution with essentially no restrictions on the geometric
complexity of the spatial arrangement. In this work, we exploit these advances and introduce
a paradigm of active composites by 4D printing where the shape of printed 3D object can
change upon external stimuli, thus offering one additional dimension for shape forming and
control, the 4-th dimension of 3D printing. We directly print a composite in its initial 3D
configuration from a CAD file that specifies the shape memory fiber (SMF) architecture at
the lamina and laminate level. Later, the programmed action of the SMFs creates time
dependence of the composite configuration change. This process has considerable design
freedom to enable creation of composites with complex and controllable behavior via the
prescribed microscopic material architecture. We design and print laminates in thin plate form
that can be thermomechanically programmed to assume complex three-dimensional



configurations including bent, coiled, and twisted strips, folded shapes, and complex
contoured shapes with nonuniform, spatially-varying curvature. We also show how the printed
active composites can be directly integrated with other printed functionalities to create
devices by demonstrating a structure that can assemble itself, such as printed origami and a
folding box with complicated folding pathway.
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Some Studies on the Hydrodynamics of Fishlike Swimming
Xiyun Lu
Department of Modern Mechanics,
University of Science and Technology of China

Abstract: In this talk, | will attempt to provide an overview on the hydrodynamics of fishlike
swimming based on our recent work. Some typical aspects are presented which include
biomechanical properties for some fish species, self-locomotion of flapping flexible body,
hydrodynamic interaction of multibodies, vorticity dynamics of flapping locomotion, and the
relevant biomimetic technology.
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Brittle vs Ductile Fracture in Amorphous Alloys: from Metallic
Glasses to Lithiated Si Electrodes

Huajian Gao
School of Engineering, Brown University

Abstract: Fracture toughness is a critical property of engineering materials. A common
perception is that the ability of materials to deform plastically is a key to enhance the
toughness of the material. While this view is widely studied in crystalline materials, there
exist apparent paradoxes in amorphous materials. For example, metallic glasses are capable of
plastic deformation via shear transformation zones, but their fracture toughness varies in



several orders of magnitude, resulting in nearly ideally brittle to ductile fracture behaviors.
Lithiated Si electrodes exhibit plastic deformation but their measured fracture toughness
values are close to those of ideally brittle solids. In this talk, 1 will present some recent
understanding on these issues from large scale molecular dynamics simulations of fracture in
a range of amorphous solids including various metallic glasses [1] and lithiated Si electrodes
[2]. The results indicate that the ability of materials to suppress nanoscale cavitation may play
an equally important role as plastic deformation in enhancing fracture toughness. The
discussions will be organized around the current understandings based on existing
experimental, theoretical and simulation efforts, as well as the outstanding questions that
require further studies in the future.

Selected references:

[1] P. Murali, T.F. Guo, Y.W. Zhang, R. Narasimhan, Y. Li and H. Gao, “Atomic Scale
Fluctuations Govern Brittle Fracture and Cavitation Behavior in Metallic Glasses,” 2011,
Physical Review Letters, \ol. 107(21), Art, No. 215501.
(DOI:10.1103/PhysRevLett.107.215501)

[2] B. Ding, XY.. Li, X. Zhang, H. Wu , Z.P. Xu and H. Gao, “Brittle Versus Ductile Fracture
Mechanism Transition in Amorphous Lithiated Silicon: from Intrinsic Nanoscale Cavitation
to Shear  Banding,” 2015, Nano Energy, Vol. 18, pp- 89-96
(DOI:10.1016/j.nanoen.2015.10.002)

W 24
AZHBE AN NFET PR EYIFRREIE
5 2
o RPE B PR T SAT R B S s R AR R

wuha@ustc.edu.cn

AR : AR 1 E AR NIE =S A SR B AR 22 8t g R B i Uy T
It AR W0 T A st )i-e R R AR AR b i B, R A SR AR /N AR 25 A
FETT LA <5 JeR S 1) B S 9 EL I 95 el B, A SR T P A PO sp2 Jl B 4 R 240 TR T A7 4
IS, I AT AR s Jm R s R AT B BRAB R WHIC T A8 45000 S0 L R A 9 oK R )
B 38 B AR A DS AL R BEE AR RIURE HL AR 22 X T BB AR A 7 AW K K Wi
R, A SR AR AR PR RE A I PN S A NLAS REAH LA, 7K T B0 38ear, AITI g e
T A E PEATBCB R RE . A BILK 501 ] AEE N BRI A7 0. 70m 2 A7 (KPR J2 A0 SR 05 2 1k
MIGKIETE S, K> FEA S gKEIE B AR R 4R R S AR B AR A58, i85 M1
VNSPYi QPSS HBUREE: vl bi=N:0 ) 2\sS I SN by I S i ERE (RAE) S e NVIN
€ A BIHLEL; B T H R N A S8 W A FROK A AIHLEE, BIEVE A8 Ik T 1E A
TR T R OKES s WEFE T 52 BROKAE IS 0% 1 N HIAHAS AR o el 22 R ENK T 22
AE T S AON 908 75 T 4125 A

MBI RfEZR, PEBFEEHARE TR ERER %R, B8, LA,
TR BRIBR, S EREEBE AR ) 2EAT AR T SR = . 19754F7H H
AT A B X T AL B, 199747 A 345 o BERFA R AR R ZZ 3w 5 R 1% 5 1540,
20024F-6 H 3R15 H B B2 B AR 22 B g 2 20y, RISESR R E AR B K 2% . 2002



81 -20044F-2 H 7EF N B 2R 2 U AR RAT L 50 9T 01, 200442 7 A E R}
PR K TRERN 2B AR )% R EI 0%, 2010956 & FH 80 . 8 3R1520134F 5 1)
BANMEER RS, 20144FE Eh EBFAHR RSN MR K, 20154 52 [ XA
HERF RS . BURARBME<<MRL ) >>Fl<<iH 5 5 >> 1082, B AU L4
[1] “ThenK a5 [2] “THREIIETIE S TREN A7 GAEFHER S SRS
e [F S AR K T B EWT 9L . CL7EScience. Nature. Nature Communications. Journal
of the American Chemical Society. ACS Nano. Scientific Reports. Carbon. Soft Matter.
Nanotechnology. Applied Physics LettersF1Journal of Petroleum Science and Engineering%
PRI R R SCMLR B 604 b, #ESCIMi 51110042 1K . (20154E127)

]k 25
| = |
Sk Pty iRk IR kg k3
YFg
AR 5 TR TR R
AR A HBIE LTI
SRR RN o ) 5 R SR LA

FEEE: BEE NI 2o RENE . IAEE DL AT RSk e i s ) B 0 H 23 A, IRGEAT Ik E
LTV A R A SRVE R A% G NI BN 3 A8 9 LR D T2 BEREIR BN 1ok 1 9B L RE,
TREES MU, AT 1 & S EE) it R AU e B R AL, BET = ARk R IESE
RS e ok VNN STEAEE G R W 1N P 1A SR B FRN O 1 T U o S S
HIMLIE 2247 AT T HE A o L SERR TR I T A F i 45 S LA 7 A R )
AUERE I T8 RSO . B8 DA AU DL R S [ 5 1k BE— 2D, ST 1 REfGHE
BRI AN RIAT LB 8 Ay B FL U 25 g 77 2 oL P A7 BR oA R I SR B BEAT 380 » AHSRHT ST
Jl AR O A R v R U S BV ERIE TSR (I 1 10 B SR T N BT AR SR B LB B 4 R G dR
7 TR S,

W5 26
Heterogeneous Nanostructures Enable Simultaneous High
Strength and Ductility
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Abstract: Nanostructured metals, and amorphous metals (in particular metallic glasses), are
currently at the frontier of metallic materials research. These non-equilibrium materials boast
a high strength, but their low ductility has been a major concern. Here, using selected cases
from each class of metals, we advocate purposely designed structural inhomogeneity, in a
compositionally uniform and single-phase material, to help stabilize the plastic flow. For
nanostructured metals, we highlight schemes of heterogeneous grain distribution for enhanced



strain hardening rate to suppress plastic instability, enabling uniform tensile elongation on par
with coarse-grained counterparts. For amorphous metals, we outline current tactics (the 4R’s)
to improve their deformability, by tailoring the local structural, and consequently mechanical,
heterogeneities inherent in the monolithic glassy state. Highly rejuvenated structures led to
tensile ductility and necking, which is usually absent for glasses at room temperature. These
advances point to new possibilities of microstructural design and processing, and motivate
future research and innovations, in pushing the envelope of ductility accessible to these
high-strength metals.
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