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Size dependent moduli of nanostructures
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Gurtin and Murdoch (Arch Rat Mech Anal. 57, 291-323, 1975), Cammarata (prog.

Surf. Sci. 46, 1-38, 1994), Miller and Shenoy (Nanotechnology, 11, 139-147, 2000)
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Finite element method by accounting for surface elasticity (Gao et al, Nanotechnology,
17,1118-22, 2006)
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Surface Green’s functions with account of surface elasticity (Huang and Yu, JApM 2007)
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Elastic interaction between steps



Effect of adsorption on the vibration of a cantilever
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Interaction between one dislocation and a
surface/interface

In DDS (e.g., van der Giessen et al, JMPS, 2133-53, 2001) and DiFT (Limkumnerd and
van der Giessen, JMPS, 3304-14,2008), dislocation motion is governed by the force

acting on it

f=1

f Peach-Koehler force, rthe resolved stress on the slip plane at the dislocation

line; b the Burger’s vector
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Dislocations are densely
distributed near the
surface/interface! Influence
of surface/interface energy?



Effect of surface energy on the dislocation-surface

Interaction
Surface energy: _[7/5 1+uf’1 dx ~ J'},s 1+ ujl / 2)dx
A A

Boundary conditions
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The image force on
the dislocation can
be repulsive!



Dislocation-grain boundary interaction by
accounting for grain boundary energy

Grain boundary energy:
Q D
I7gb 1+Ufldx’=f7/gb(l+ui/2)dx Grain 1
A ' A ' y
\ d >
Bulk elastic energy: Y £
Grain 2
U, =Iaijgij /2dV
V
- &
Boundary conditions:

[0,,(X.0)]= s 11 [02,(%,0)]=0,[u,(X,,0)] =0, [u,(x,0)] =0,
[0, (%, d)]=0,[0,(x,,0)]=0,[u, (x;,0)]=b,H (%), [u; (x,,0)] = b, H (x,),

No grain boundary sliding or de-cohesion!
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What is the effect of grain boundary sliding?
What if the grains possess different elastic constants?

How will the image forces influence the plastic behavior of nano-
crystalline materials?



Distributed dislocation model for crystal plasticity
with account of surface/interface energy

-- Accounting for surface/interface energy
— € p
Es = / [(g7;,€i;)dA
ov

--Accounting for strain gradient effect ( See the bulk energy density, Le and Sembirong, 2008)

U=Ug;—pnln(l—p/ps)
A

_ e \2 e _e
Uel = 5(552) + UE;E;;

p = /Qijaij /b, aij = €jriBit ks Bij = B sim,

The equilibrium state governed by the mimization of the total energy
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Thin film under plane constrained shear

Prescribed displacements

X2
The total energy in terms of displacements m\; y h
and plastic distortion T X,
Er = / [)\ u§,2/2 + p(uy 2 — B cos 29)2/2 + p(ug 9 — Bsin 2&9/2)2
|%4

+  uB*sin®20/4 — unln(1 — |B sin 0| /bps)|dV —I—/ I'dA
oV



Thin film under shear—Basic equations

Use of approximation

—In(1 — |B2sind|/bps) ~ |B2sinb|/bps + |B.2sinb]?/2(bps)*

and the minimization of the total energy lead to

(u1,0 — B cos20) 2 =0, [(A+2u)uz e — pufsin20] 5 =0

npB 22 sin? 9/(5,08)2 — B+ up 2 cos20 + uy 2sin20 = 0

and natural boundary conditions (penetrable)

gy HnB2(h) sin® 0/ (bps)* = —sgn(B.2)un|sinb|/bp, — AL/
(DA

I B o(0)sin® 0/ (bps)® = —sgn(B2)pn|sin 6] /bps + OL /03

But in the conventional impenetrable surface/interface (e.g., Le and Sembiring,
Arch Appl Mech 2008)
B(0) = B(h) =0
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Thin films under plane constrained shear

 From Fredriksson & Gudmundson (J Mech Phys Solids 2007)

C=T,|f|, T, = ub@—In(b/2xr,) [[4v37(1-V)]

w=26.3GPa,b=25x10"""m,n =1.138 x 107>, v = 0.3, p, = 8.8 x 10"’m~2, Ty = 0.4N/m
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Thin films under plane constrained shear
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Surface deformation mechanism dominated in submicrometer-scaled thin films!

But the dislocation density at the surfaces is constant in the present model!



Thin films under plane constrained shear

From Gurtin (J Mech Phys Solids 2008)

w1 =26.3GPa, b=25x10""m,7=1.138x10"°,v =0.3, p, =8.8x10°m?*, T, =100N/m
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Bicyrstal under plane constrained shear

e From Gurtin () Mech Phys Solids 2008)
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Notable effect of surface and interface. Further analysis to be carried out!



Concluding remarks

Effect of surface and interface plays important roles in size dependent
mechanical behavior of nanostructured materials

Determining the surface parameters experimentally remains challenging

How the dislocation-surface/interface interaction will affect the plastic
behavior in nanocrystalline materials is an interesting problem to be
probed

The effect of surface and interface on the plastic behavior of crystalline
materials remains to be further investigated by considering multiple glide
systems and rate dependent process.
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