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1. The Virtual Material Lab 7
Geo DicT.

import materials characterize materials optimize materials
- 2
. ¥ vary
— R
. parameters
model materials characterize properties export materials
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Simulations performed on 3d structures
composed of little cubes (voxels)

‘ ‘ ‘ ‘ ‘ ‘ Advantages: Straight forward

automatic grid generation
for computed tomography

virtual structure generation
solver implementation
parallel implementation

memory efficient

Disadvantages: resolving features

requires many grid cells
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Analytic, surface and volume
representation

<Objectl> * “Objects”
Color 1 * “Triangles”
' i  “Voxels”
Type ShortCircularFiber
Pointl 6.6e-5,2.5e-5,4.8e-5  “World” or
Point2 8.9e-5,-2.04e-5,5.3e-5 ggindmg

FiberEndTypel O

FiberEndType2 0

Diameter 1.2e-05
</Objectl>
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Material Characterization & Engineering

_ab

GeEo DicT_-

g
Real Media image » CT Image J Model
N
filter & generate
segment
measure Voxel
Mesh
compute
Properties Properties
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GeoDict Modules

FiberGeo, PaperGeo, SinterGeo, WeaveGeo, FoamGeo, GridGeo, PackGeo, PleatGeo (structure generators)

: "85 GeoDict2012R1 64 bit Windows Standard Edition [E=ETE)
ImportGeo (e.g. CT’ .Stl / CAD Import) File Modules View Options Macro Help
ProcessGeo  (3d image processing) 8 B H - o &
. Status
LayerGeo (layered media) Ansbic OtiectDats @ ‘Qﬁ
ExportGeo  (e.g. Fluent, Abaqus) e
Pmiect:. ,.Aict‘\Documents\MyFir.slGeoDictPraiect
FiberGeo
FlowDict (single phase flow properties) G EO DIGT .-
) . . . \_/ Geometric material designer
ElastoDict (effective elastic properties) Cieate Optons Eai.. & material property preDictor
Dr. Jurgen Becker,
ConductoDict (effective conductivity) fn'af;in';‘ggmm =
DiffuDict (effective diffusivity) AL e .
PleatDict (porous media flow) ——
. . . . . Create
FilterDict (delta P, efficiency, capacity) k
SatuDict (two phase flow properties)
PoroDi [
oroDict (pore analysis) /Fraunhofer
MatDict (solids analysis) M ATH
AcoustoDict  (acoustic absorption
‘e (acoustic absorption) | 2 MARKET
AddiDict (advection, diffusion, adsorption)
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2. Fiberglass by Injection Molding

how does the microstructure influence the elastic properties:
glass fibers in epoxy
fiber diameter 8 ym, length 300 um, weight 25%, Moldflow orientation simulation

Fiber orientation tensor
= [.8627

.
ﬂ&%@?&l& Scale (70 mm)
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Effective Elastic Properties

Hooke’s Law:

Cauchy stress tensor:

er_lcwrssrs 1,5 €{1,2,3}
o;j - stress tensor
Cijrs elasticity tensor Strain tensor:
Ers . Strain tensor
au 8u
2 ( 2 J )
u . displacement
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Effective Elasticity Tensor

M material parameters for microstructure

M solve six load cases on microstructure => effective elasticity tensor

( Cxxxx Cxzxyy Cxxyy o) 0 0 \
Cxzyy Cxzzxzx Cxzyy 0 O 0]
Cxxyy Czxxyy Cxxzxx O O O
Cisotrop — 0 0 0 Cﬂ?icmgcmiyy 0 0
0 0 0 0 Cmmm:ﬁgcmmyy 0 \
Crxaxx —Crxyy )
\ O 0 0 0 0 >
Ozz . _ Ormmm o Szzze  Czzxy Ezz
= = (c —cC 2
Lame paranpeters: ‘; B (cazaa = caayy)/ yzzx  Cyzzy Eyz
Oxz . o Crryy, wzxzr Czxxy Exz
Ty .. : . E = u(2 3 A
%u%é modulué and Poissois ration: (2 3N /()

v=35(u~+ N\
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FiberGeo: Fiberglass Microstructure

<ElementData ID="5423">

<DeptValues> 6.9340e-001 1.6167e-001 1.4493e-001 4.0924e-002 1.0321e-002 1.2470e-002
</ElementData>

<ElementData ID="9330">

<DeptValues> 8.3008e-001 7.4930e-002 9.4990e-002 -7.8231e-002 -6.5528e-002 -1.255%9e-002
<fElementData#

enter parameters into FiberGeo

\4

%ﬁ FiberGeo Opticns

GEO

Ste Orientation
GEO

Create Options | Fiber Options | Result Opti atmpE

® Anigotropic Direction

Fiber thickness given by | Diametar

Direction Mode | Direction Tensor -
Short Circular
Anisotrapy 1 4.165
Waight [24] 100 Anisotropy 2 0.2743
Diameter
1| Density [gfcm?] | 254 Phi[] 2.3490
Watarial - Euler Angles Theta [7] 29.6354 Cre ate
Psi[] 2.3575 -
Remowve l I l
0.6934 0.0409 0.0103 ICrOStrUCtu re
B Direction Tensor |- 01617 0.0125

- - 01443 >

Marmalize + Calculate Anisotropy Parameters
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ElastoDict: Elastic Properties of Fiberglass

GEO

Elasticity Options

E [GPa] v G [GPa] | Edithaterials...
kdaterial 0 0000 |sotropic 1] 1] = oid -
taterial 1 Isotropic 72 0.23 = Glass -
taterial 2 I |sotropic i i - Yaid -
Material 3 0017 |sotropic 318 0.35 = Epoxy 3501-6 -

5t FeelMath Elasticity Solver ﬂptTnn- (oo |

compute elastic
Compute Strain - propertles

Strain Increment [2] 0.005

x 0 ®x Y ® 77 >
x 7 x| X7 x| XY

Geo ' gdr: CA\..t\FiberReinforcedPlastic_Effectiv

“oigt Approximation

Module: ElastoDict (2013R1 Build 132

Reuss Approximation Command: SokveFeelMathvOx
Do Jul42013
ResultFile Marme (*gdr) | FiberReinforcedPlastic_EffectiveStiffnass.gdr Dormain: 400 x 400 400 “eoxal: 1 prm Damain: 400x 400 400 Yoxel: 1 pm
Inputhdap | Pesults Map  ResulisInfo | Yisualization Inputtap | Results Map | ResulisInfo | Visualization
= 0 O © Cancel Stitf formulation Stitfness formulation —M8MMMMM E
Anisotropic Elasticity tensor in [GPa] in Carlesian coordinates fd Anis_mrnpil: Elasticity tensor in [GPa] in Cartesian coordinates for Strain
Equivalence Equivalence
10.2 3.2969 3.2546 -0.013493 | -0.5821 0.18096 9.2442 | 3.3887 | 33317 (0021979 | 0.055041 | 020964
. . 3.2966 | 6.2224 3.1674 0.018188 |-0.0062083 | 0.028166 3.3931 |6.418 3.2365 | 0038332 | -0.0060675 | 004566
enter parameters into ElastoDict
-0.013432 | 0017752 | -0.010117 | 1.508 00023312 | -0.023506 0.021796 | 0.03685682 | 0040245 | 1.6022 0.025364 | -0.0036747
-0.5793 | -0.0057859 | -0.05096 | 0.0020582 | 1.6997 -0.013581 0.054532 | -0.005001 | 0.010337 | 0.02512 17722 0.023848
018025 | 0.027808 | -0.0034245 | -0.022666 |-0.013543 |1.7411 0.20858 |0.045079 | 0.018357 | -0.0037066 | 0.023919 | 1.8295 E
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ElastoDict: Large Deformation

aim: how does the fiberglass microstructure deform for a given stress / strain?

current development together with Fraunhofer, FeelMath
. . . .  Fraunhofer
large deformations, nonlinear material behavior WM

——
64 million grid points
12 GB memory
8 processes, 6 min
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3. Digital Rock Physics

from computed tomograms to accurate reservoir simulations:
(left): pore space of Berea sandstone; (right): pore space of carbonate

Digital Rock Physics Benchmarks — Part I: Imaging and segmentation
Digital Rock Physics Benchmarks — Part |[I: Computing effective properties
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Permeability Computation

Macroscopic description
(homogenized porous media model)
Darcy'slaw: u = —EHV]?
14
. average flow velocity
. permeability tensor unknown
. viscosity
. pressure

T T A C

Microscopic description
(pore structure model)

Stokes equation: —uAu 4+ Vp =0

Boundary conditions: no-slip on fibre surface, pressure drop
k can be determined from the solution!
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FlowDict: Rock Permeability Computation

59 FlowDict EFV Solver Optio X

DicT

GEO

Solver | Boundary Condiions =~ Developer

ACCuracy 0.0001

) ) - ; Pressure [Pa]
Maximal lterations 1o0aa = | s : - 7.23e+04 -
haximal Fun Time [h] 240 2a
Festart Save Interval [h] E s ] AP : : | 6.01e+04 -
Stopping Criterion Permealility -

Permeability Check Intersal 100

]

- e X W g s v 479¢+04

Farallelization <local mpi - Bx> Edit ... 1 A IR % | 3.57e+04

Solver Type SIMPLE h CO' I l p ute fI OW

Welocity relaxation Stable Fast 05 . 2.35e+04

Pressure relaxation Stable = Fast 08 pro pertIES 1.13e+04 ‘
J15e+04 A

Slip Length [m] 0 | g 'l > Vi K ,.
<= FlowDict Physics Param B T %1, : \ ; %3 ot toe
GEO o

o
Density and Viscosity  Grid d

S — 720x720x1024 voxel

Domain: 720 x 7201024 Woxel: 0.74 pm

et * | EditMaterials..
ater it Materials 466 B , 8 processe81 Inputtdap | Results Map | Results Info | isualization

Density [kofm®] 998.234

. . - —
Dynamic Viscosity [kg/ms] 0,001 one dlrectlon 10 h Permeability tensor (unit: m”)

Kinematic Viscosity [réfs]  1.001776-06 158542926413 | 5.016111301e-15 | -4.778446234e-15

-4 166774799e-15 | 1.363816133e-13 | -7.66EE14002e-15

TeRperEiE U0 Y UG -7.389633339-15 | -1.238049603e-14 | 1.173310817&-13

»-direction

enter parameters into FlOWD|Ct Average flowvelocity at 1 Pa: 2 975655525e-07 m/s

Flow resistivity: 6307440028 kg /m”s
— lterations: 1226, Runtime: 37751738 ms, and stopped for tolerance |
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4. Summary and Conclusion

G EO virtual material characterization & engineering

M property simulation on tomograms

M property simulation on material models

given parameters

change parameters to optimize microstructures

® use homogenized results from the micro-scale for macro-scale
simulations
Injection molding

digital rock
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Thank You !

#-——

GEO DicT -

The Virtual Material Laboratory

www.geodict.com
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