Damiano Milani - Nanomechanics

Exercise 111
Crystal elasticity

Question 1

In a cubic system the stiffness matrix has the following shape
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The anisotropy parameter is given and it’s equal to 1:
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and this matrix is the same of the isotropic continuum.



Question 2

Given the 3 elastic constants ci1, c12 and cyy, it is possible to find the compliance
parameters from these equations:

_ $11+S812
C g
1 (s11—s12)(s11+2s12)
_ —512
Clg = 1
12 (s11—s12)(s11+2s12) ( )
1
Caa = o
_ — s11+512 5114812 . =S12
(511 — s12) (811 + 2512) ol o o
. —S8 . —S
(811 — 812) (811 —+ 2812) = 01;2 <811 — 812) (811 —+ 2812) = 01;2
— 1 — 1
S44 = c44 Sa4 = c44
C C
511:—(1+ﬁ)812 311:—(1+ﬁ)812
_Q_m)s (l—m)s _ —si2 (_Q_m)s (l—m)s _ —si
( c12) 712 c12) 12 c12 c12) 712 c12) 12 c12
— 1 — 1
S44 = c44 Sa4 = c44
— C
S11 = — (1 + i) S12
c11+2ci2 c12—ci11 2 _
C12 ( 1 ) ( 12 )512 = S12
1
Sa4 = o
S11 = c11+c12
1 (c11—c12)(c1142c12)
S12 = —C12 (2)

(c11—c12)(c11+2c12)
1

Sa4 = 7

Question 3

The expression of the bulk modulus is
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Using the following form
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it is easy to calculate for each of polycrystalline models the bulk modulus.

Reuss model
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Voigt model
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Kroner model
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Question 4

Choosing the Kroner model, it’s one way to determine Young’s modulus, Poisson’s
ratio and shear modulus of polycrystalline bulk silicon with the following constant:
c11 = 165.78 GPa, c15 = 63.94 GPa, cyy = 79.62 GPa.

The bulk modulus value is
1
R = 5(011 —+ 2C12) =97.89 GPa

To calculate the shear modulus we need these two constants:

1
H1 = 5(011 — 012) = 50.92 GPCL

Mo = Cqq4 = 79.62 GPa
Solving the following expression, it is possible to find the value of G:
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where the three constants are
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The only real solution of the previous equation is

G = 66.59GPa

Finally we cand find the Young’s modulus and Poisson’s ratio

I9xG
F=——"—=1628GP
Bk + Q) “
3k — 2G
=— =0.22
v 2(3k + Q) 0.223



Question 5

With the Reuss model, it’s possible to calculate the Young’s modulus on the direc-
tions of a silicon crystal. Using the equations found at Question 2 and the numerical
value of the constant (Question 4):
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From these two equations, it is possible to calculate E:
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The general expression for the orientation function is
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