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MUSAM —Multi-scale Analysis of Materials— is a research unit
of the IMT School for Advanced Studies Lucca contributing to
research and educational programs by integrating:

 Numerical analysis
 Mechanics (computational and experimental)

 Materials science

for the characterization and simulation of natural or artificial

materials characterized by multiple scales or in the presence
of multiple fields (coupled problems)
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http://www.imtlucca.it/research/laboratories/musam-lab
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European Research Council

Established by the Eurcpean Commission

Supporting top researchers
from anywhere in the world

3D confocal-interferometric profilometer (LEICA, DCM 3D)
Scanning Electron Microscope (ZEISS, EVO MA15)
Micromechanical testing stage (DEBEN, 5000S)

Universal testing machine with a thermostatic chamber (Zwick/Roell,
Z010TH) and a peeling test setup

Thermocamera (FLIR, T640bx)
Photocamera for electroluminesce (PCO, 1300 Solar)
3D displacement correlation technique (Correlated Solutions, VIC3D)




SCUOLA

IMT |snswor - Multiscale computational fracture mechanics

LUCCA

a o Cownled b —— Key features:
P AN \ s - Concurrently coupled FEM
. coupling (BSM) (solid shells with phantom
e R node method) & molecular
ik, Pe%hters —— ‘“’“:‘“ ’ 1 statics (LAMMPS) model
& s i) - Adaptive refinement
Mo ob 8 &b « Prediction of crack branching

from molecular statics

D =180.0

90.0A
90.0 A

deceen: i

HEREHHHR T

L =180.0A

Silicon thin layer Applied displacement




q
/

ALTI STUD! Computational fracture mechanics:
o fibrous materials

F .
e
e
”

displacement

crack opening

crack length

gC A\ >
X
Cohesive Traction. N Fictitious Crack Tip

Process zone

True crack




IMT | Amistoo Computational fracture mechanics:
o fibrous materials

rats 24 Mar 201

TR ST TSR )RR b




IMT

Reference configuration

SCUOLA
ALTI STUDI
LUCCA

Computational fracture mechanics of

Current configuration

Key features:

Fiber orientation
distribution

Finite elasticity
New finite element
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B interplay between fracture and instability

Buckling-driven delamination in case of wrinkling

Failure of thermal-barrier coatings

Brau et al. (2011) Multiple-length-scale elastic instability mimics
parametric resonance of nonlinear oscillators, Nature Physics 7, 56-60.

Zhao et al. (2010) Surf. Coat. Tech.
. . . 204:2432-2441
Potential multiple scenarios

Wrinkling but no delamination Buckled delamination

Wrinkle-induced delamination
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Mei H. (2011) Fracture and delamination of elastic thin films on compliant substrates: modeling and simulations, PhD Dissertation
Univ. Texas Austin
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Key features:
« Solid shell finite elements coupled with interface finite elements for the study of the

interplay between fracture and geometrical instability

2

1.8 +

16 +-

14 +

1.2 +

1 +-

0.8 -

0.6 A

0.4 +

Wrinkle Amplitude A/h

0 0.002 0.004 0.006 0.008 0.01

Nominal strain €

- Wrinkle amplitude (Mei 2011)
A=nh 'E— -1 based on fully bonded interface and

homogeneous layer




M scwon — Computational fracture mechanics of coatings:
B interplay between fracture and instability

tip displacement
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SCUOLA Graphene-based electronics
VAT At T
inkjet printed on paper

conductive glue

(d) e=1.2% (h) e=1.2%

In situ mechanical testing Thick film Thin film
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LUCeA of polycrystalline Silicon
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— open issues

Some failure modes of PV modules:
1. Cracks due to mechanical loads
2. Decohesion of the encapsulant
3. Moisture-induced degradation




SCUOLA

IMT ALTI STUDI Durability of phOtOVOItaiC modules:
— multiscale problem

Time scale a

Moisture

diffusion 20 V'S T
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cycles 1 day
Silicon solar cell
Brittle
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effects lus 4+

>
Length scale




SCUOLA

ALTI STUDI Durability of photovoltaic modules:
o coupled problem
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device

Chemical
reactions

Fracture
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Identification
of grain orientation
distribution

Real polycrystalline Finite element model

Silicon microstructure
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Heat conduction and
mechanical loading (3D)

Key features:

« Staggered vs. monolithic FE schemes
* Novel time stepping techniques

Current (A)

Coupled hygro-thermo-mechanical problems
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LA Chemical degradation
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Metal assisted etchlng
60 min

Key features:

« The effect of roughness on
leakage

» Light reflectance

 Thermal and electric
resistance of the interface

«  Wettabilty

« Adhesion
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Advanced monitoring and image analysis

Thermography (IR)

Electroluminescence (EL)

Solar cell Cooled Camera

u\f n-IR radlatlon
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with the International Energy Agency
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Graphene coatings Fibrous materials Photovoltaics Flexible electronics
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International Energy Agency ; .
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the art of professional painting

@) APPLIED GEFE.POLYMERS

MATERIALS - HIGH QUALITY POLYAMIDES FOR YOUR BEST PRODUCTS
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Multi-field and multi-scale Computational Approach to design and
durability of Photovoltaic Modules — CA2PVM




