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Yield stress

Yield (engineering)

From Wikipedia, the free encyclopedia

A yield strength or yield point of a material is defined in engineering and materials
science as the stress at which a material begins to deform plastically. Prior to the
yield point the material will deform elastically and will return to its original shape
when the applied stress is removed. Once the yield point is passed, some fraction
of the deformation will be permanent and non-reversible.

Grain boundary strengthening

From Wikipedia, the free encyclopedia

Grain-boundary strengthening (or Hall-Petch strengthening) is a method of
strengthening materials by changing their average crystallite (grain) size. It is based
on the observation that grain boundaries impede dislocation movement and that the
number of dislocations within a grain have an effect on how easily dislocations can
traverse grain boundaries and travel from grain to grain. So, by changing grain size
one can influence dislocation movement and yield strength. For example, heat
treatment after plastic deformation and changing the rate of solidification are ways to
alter grain size.!"!
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Plastic deformation-dislocation glide

Ik = I

b=a/2[10-1]

Uchic, Dimiduk, Florando & Nix, Science, Vol 305, 13 Aug 2004, pp. 986-989



Plastic deformation
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Micro-Macro connection
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Size effects are well understood
in polycrystalline materials

Combined Hall-Petch Plot for Cu
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Size effects are well understood
in single crystals
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Outline

Phase field dislocation dynamics.

Incorporating the stacking fault energy
in dislocation dynamics

Effect of stacking fault energy
Size effects
Strain rate effects



Phase field dislocation model
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Phase field dislocation dynamics
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Stacking fault energy
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Stacking fault energy
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Equilibrium stacking fault distance
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Grain structure

MO AU,

1 (GPa) E(GPa) y,(™) yuss(®5) a(nm) b(nm) b, (nm)

Al 26.0 70.0 141.78 172.3 0.405  0.286 0.165
Ni 75.0 200.0 84.72 211.69 0352  0.249 0.144




“Y surface effects: dislocation structures
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Y Surface effects: dislocation structures

« Al has higher 7s¢/ub

ok 10
] . qﬂ_\} .'_.:::?
f_. I l
| \ H 1.5
VAR A N N RAT Y f
7 f_/ .?.' \'._ f_.-’ “ i 1
. o .'/ p
\‘\:-’.’ - ‘ II_ 0
/ | 0.04 0.045 0.05 0.055 0.06
10 nm
ok 10"
% = =
\ o
1.5
Ni | 1 P
Ej -
A\ (. ( 0.5
I\ " L .J ’ 0 p
b Ja “ 0.02 0.03 0.04 0.05 0.06

PURDUE L. Cao et al., submitted to J. Mech. Phys. Solids (2014)

UNIVERSITY

16



In size

Gra

10 nm

40 nm

30 nm

17



Strain rate sensitivity




Dislocation evolution: strain rate
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Dislocation evolution
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Effect of strain rate on dislocation density
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Dislocation evolution










300¢
2501
200y
1504,

1008

50

£=10°%/sec

Cooe e teet. [ 10.055
O AT
Soat e Lt e | {0045
R et
. cLn T e
. e e T - 10.035
St e 8" Ce . ) ‘
T R S AR (XK
. ® -'.- - 2 « .
o' Tt P el 1 e 0025
i L S
sl t et L < TN

150,‘ . :. . . .-.‘ .
: ° £ :.. cond . 3 . ..t
100 o ot o U
B N L AP
50? e} o, . .: .o..'.:o :.:.o. « ®
U SR
o ".'.‘-‘..:... ..'%. M ;‘: Y ....
. ° 0.. A- haad ..., . .. ?0 °

Nucleation rate

1501
1007

501

300

250

200

150

100

50

£=10"/sec

100 200 300

100 200 300

300¢

2501

200y

1501

1001

501

£=10°/sec

100 200 300

100 200 300



Transition State Theory

#of sources The first nucleation probability distribution is
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Summary

We study effects of microstructure and strain rate on the
deformation mechanisms of nanocrystalline Ni.

Predictions:

Hall-Petch effect

Inverse Hall-Petch effect depends on the GB energy.

Stacking fault width and density of partial dislocation depend on USF and
ISF.

Strain rate plays an important role on deformation mechanisms: high
strain rate increases density of partial dislocations and delays the onset of
nucleation.

TST can be used to obtain flow rules at strain rates 10%/sec to 10°/sec

Acknowledgements: Collaborators: H. Kim, A. Strachan, Purdue University
DOE-BES l. J. Beyerlein, A. Hunter, LANL



Universality, self-similarity and scaling

Because dislocation-driven plastic flow exhibit a scale-free
behavior over many decades of sizes, its properties are
independent of microscopic and macroscopic details, and great

progress can be made by the use of simple models.
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Avalanches-SOC

Magnetism Fracture Earthquakes
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Intermittent dislocation flow in plastic deformation

* The AE signal accompanying the plastic deformation consists of many
overlapping pulses as observed experimentally in metallic single crystals

(Vinogradov, 2001) and ice single crystals (Weiss, 1997).

* The instantaneous dissipation shows burst of activity that can be

considered as dislocation avalanches.

* The cumulated activity is a measure of the strain and and also shows
the burst character observed in plastic deformation.(Pond, 1973 and

Neuhauser, 1983)
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Scale-free dislocation avalanches

® Recently, acoustic emission experiments on single crystals of ice
showed an intermittent and heterogeneous plastic flow.

® The probability density function of the energy, follows a power law

distribution
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Characterization of self-similar
cell structures

TEM micrograph of dislocation
cells of single copper deformed
at 75.6MPa (Mughrabi, et.al
1986)
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Characterization of self-similar
cell structures

The cell size distribution has an 10°;
hyperbolic frequency: §
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Local failure criterion for crazing
and shear in amorphous polymers

Marisol Koslowski
School of Mechanical Engineering
Purdue University



Experimental data
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Damage in amorphous polymers

Quinson, 2007

Argon, 1977

Craze evolution




Phase field description of damage

Griffith’s theory W = J- G, dx= J. G_o(d)dx
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Phase field description of damage

Solve structural problem coupled to an equation for the damage, d

0, = K(g" ~ <g">) 6, +(1-d)y (K<g">5y + Zygg)
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Failure in composites
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Predicted damage field for (a) perfectly bonded matrix/fiber interface and
(b) damaged matrix/fiber interface.
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Failure simulations in composites




Failure simulations in composites
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Yield criteria in composite materials
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Crazing in hole specimen  &,0)
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