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Overview

Objectives: Materials that feature both high stiffness
and high viscoelastic damping (G tan )

What composite material structure can
provide both properties?

2. Experimental Approach:

Based on past experience, indium-tin has well-
characterized stiffness/damping.
Fabricate and test composites with “high” volume

fractions of SiC particulate reinforcement.

Modeling Approach:

Unit cell analysis of particulate composites at high
reinforcement volume fractions.

Correspondence principle to predict effective stiffness
and damping.



Essence of Unit-Cell Homogenization
(for heterogeneous, periodic media)

« Onagiven length scale at which the material is heter ogeneous (micro
scale), apply an average stress or aver age deformation to a detailed
model (unit cell)

 For each loading, compute detailed, equilibrium microscale stress and
defor mationsfields.

« Takethe spatial average of the“microscale’ stressand defor mation
fields, to get their “macroscopic” correspondent.

 Develop/calibrate a constitutive model that adequately relatesthe
macr oscale stresses and defor mations.

e  When performing analysis of the system on the “ macroscale” usethe
“homogenized” constitutive model to represent the medium.



e Periodic medium and unit cell

» Microscale stress/deformation
o(X)=X +0 (X);

Micro-/Macro-scale Notation
F(X) :(I)+F*(X);
<6 (X)>=0;

<F(X)>=0;

F(X+nAe)=F(X); periodicity of microscaledeformation
(X +nAe) =o(X); periodicity of microscalestress

» Averaging stress/deformation to find macroscale correspondents




PROCESS: Deformation-Controlled L oading of Unit-Cell

» Specify an average state of deformation @ for the unit cell.

* Apply a consistent “homogeneous” displacement field u = ®-X to unit cell.

» To achieve stress-field equilibrium on microscale, solve for the additive,
periodic, heterogeneous displacement field u*(X).

* Resulting equilibrium displacement field: u(X) = ®-X + u*(X)

» For each macroscopic state of deformation ®, compute the
corresponding macroscopic state of stress 2.

» Consider the X versus ® behavior of the unit cell model.

* Provide and calibrate a macro-scale constitutive model Z = Z(®).
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Symmetric, Conjugate, Macro Stress/Strain Measures

 Using conjugate macroscopic stress/strain measures ensures energy
conservation between micro- and macro-scales.

* Nemat-Nassar (2000) demonstated/used conjugacy between macroscale
deformation gradient ® and the macroscale nominal stress <P>.

<P:F>:<P>:<(i)>

* It is preferred to develop constitutive models in terms of symmetric,
macroscopic stress and deformation measures. Here, we use:

~

=(P)@;
E=tlo'o-1]

* These symmetric measures satisfy the following conjugacy relationship:

.
~ ~

Z:E:<P:F>:<S:E>
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Elastic moduli of composite constituents

Elastic Constants

E G \Y)

SC 400 GPa | 17/5GPa 0.14

InSn 202GPa | 7.5 GPa 0.35

Torealize high G tan 9§, must achieve high
volume fractions of particulates

e consider multiple sizes of spherical particles
e consider cubical particles

 past experience with Sn matrix showsthat it
doesnot “wet” SIC



/3 He 96
e : ”'il II S I'"-.
A it 2
b, " N,
7\ A =
4!’ | : RYi 1
I_!r I:_ ] ' "|. r- LT Ill‘
- ._\ [ ] |. . y _.-"I ]
- A J.'f "‘:ﬁ«h " x}"'d—
AN e
-;IID'.—-.::::/:/* lIII '. i ‘rj—i_i: F-H. 1
!l'l.-' s E . i 1 i “F
kvl N v ] 2 =
B
(&) Extenior Faces b Top Face & Dimensions
i {-1 * r ‘_ e . .
' .
o =5 Fe e o ® ©
. | Unitcent / \
- ] e
O L | . — L
_Symmetric \{'f _f
| Model L
Sl St 22 L (o G
F A )
1t & 9 ! & it 9
(a)z=} plane (b) z=0 plane




T, T—

[ IS, I, DE—
/s-’

(2} Exieriar Faces

QED

b Top Face & Dimersions

| Symmerric Model

Tt Uit el

z = planc
) Shaar Tast: Proper Unil Gall Model and s Symmeiric Modal



(b) Reinforcement only

A Pl W W Tl T W W |
o PN W S S P e T

AR P S N R
- o U N W NV RN RS

(@) Unit-cell

Typical Unit-Cell Mesh for
Particulate Composite
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Framework for discussing elastic

anisotropy
1z
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Anisotropy of E and G for spherical

reinforcement, 50% volume fraction.
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“oungs Modules w.r.t normal direction, 50% One-Sized Particulate Compaosite
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Min Shear bodulus w.it nermal directon, B0% One=Sized Pariculate Compogite
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Variation of homogenized elastic constants with
orientation for different particulate-reinfor ced
compositeswith 50% SIC particle volume fraction.

Young'smodulus | Shear modulus

Arrangement/ Particles : :
min max min max

FCC/one-sized spherical particl
es

54.4 62.4 21.0 24.4

FCC/Two-sized particles 56.1 59.8 21.7 23.4

BCC/One-sized cubical particl
es

49.2 84.0 18.6 35.0




G=Gy(1+A (p-¢™2)—¢') + G ™

Coefficients used to fit shear modulus ver sus volume fraction

results.
A, A, A, A,
Type of composite
FCC Single-sized spheres, Upper limi 2.698 4,527 4,527 4,527
t
FCC Single-sized spheres, Lower limi 2.452 5.340 5.340 5.340
t
FCC Two-sized spheres, Upper limit 3.185 5.339 5.339 5.339
FCC Two-sized spheres, Lower limit 2.522 5.223 5.223 5.223
BCC One-sized cubicles, Upper limit 7.172 4.584 0.364 4.584
BCC One-sized cubicles, Lower limit 2.7890 9.9849 9.9849 9.9849
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Shear Modulus (GPa)

Curve-Fit Formula 1
1m 1 I I I ] 1

1680 - FCC, 1-Sized. Spherical {Curve-fit)
< FCEL,1-Sized. Spherical (Computed)
—— FCC,2-Sized. Sphencal (Curve-fit)
140 F = FCEC,2-Sized. Sphencal { Computed)
SC,1-Sized Cubical (Curve-fit)
0 SC 1-Sized Cubical (Computed)
HASHIN-SHTRIKMAM bound

=
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_ Fimte element analysis
Farticulate composites
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Summary of Results

« With polymer matrix composites best performanceis
Gtan o™ 0.23 GPa.

e With cubical SIC inclusionsin InSn matrix, best
Gtan o™ 2.7 GPa

* With single-sized spherical SIC inclusionsin InSn
matrix, best Gtan 8~ 1.6 GPa

e With two-sized spherical SIC inclusionsin InSn
matrix, best Gtan o~ 1.7 GPa



