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What i1s GeoDict?

IMPORT MODEL ANALYZE PREDICT EXPORT

e

Diverse ways to import Detailed material models Extensive analysis and In-depth analysis and GeoDict models made
materials for modeling created in 3D evaluation of structural prediction of material available for standard
material properties behavior workflows
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GeoDict Module Overview
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What material are we looking at?

« PA6GF50

— Polyamide 6 matrix
— short glass fiber reinforcement
— 50 % fibers by weight

UCT-Scan (1.4 um)

e produced by injection molding

e used in mass production for structural
components (e.g. engine bearer)
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6 Steps to the Digital Twin

1. Import, process and segment the nCT-scan
2. Calculate the mechanical properties directly on the uCT-scan
3. Determine the geometrical properties of the material
(fiber diameter, fiber orientation, fiber length)
4. Model the digital twin
5. Calculate the mechanical properties of the digital twin

6. Comparison of the results
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used GeoDict Modules

IMPORTGEO FIBeERGEO

FiBERGUESS ELastoDicT
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Import and Segmentation

e Import a stack of 2d images
* Image processing to improve quality for segmentation

(e.g. noise reduction, edge sharpening)

original MNLM, Patch Radius: 1vx MLM, Patch Radius: 1vx MLM, Patch Radius: 1vx
Window Radius: 3vx Window Radius: 3vx Window Radius: 3vx
Strength: 0.1 Strength: 0.2 Strength: 0.3

MLM, Patch Radius: 1vx
Window Radius: 3vx
Strength: 0.4

Applying a Non-Local Means Filter for noise reduction

B Y & The 4th Intemational Congress on 3D Materials Science 2018
i 8 F June 10-13, 2018 = Kulturvcerftet (Culture Yard) Conference Center  Helsingar (Elsinore), Denmark




Import and Segmentation

e automated thresholding using OTSU! algorithm
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INobuyuki Otsu (1979). "A threshold selection method from gray-level histograms". IEEE Trans. Sys., Man., Cyber. 9 (1): 62-66

- “ 41 & The 4ih International Congress on 3D Materials Science 2018
& % " June 10-13, 2018 = Kulturvcerftet (Culture Yard) Conference Center  Helsingar (Elsinore), Denmark



Import and Segmentation

e automated thresholding using OTSU?! algorithm
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INobuyuki Otsu (1979). "A threshold selection method from gray-level histograms". IEEE Trans. Sys., Man., Cyber. 9 (1): 62-66
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Import and Segmentation

e automated thresholding using OTSU! algorithm
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INobuyuki Otsu (1979). "A threshold selection method from gray-level histograms". IEEE Trans. Sys., Man., Cyber. 9 (1): 62-66
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Mechanical Analysis - HCT scan

e |inear elastic simulation of 6 different load cases

— 3 uniaxial experiments

« used material properties Cia Cu Ca | Cu O Cug
— PABG: E=2.8 GPa/v=0.39
— Glass: E=72 GPa/v=0.22

e computation time: 589 s
— 4 CPUs
— 0.5 GB memory
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SDMS

Mechanical Analysis - HCT scan

« calculated engineering parameters and stiffness tensor

Orthotropic Approximation

Strain Equivalence

Energy Equivalence

Mean Value

Stiffness Formulation for Strain Equivalence [ (GPa)

10.232 5.4243 5.4048 | 0.025524 | -0.010267 | 0.14141
5.4244 11.597 6.0651 | 0.80216 |-0.08876 |0.12121
5.4949 6.0652 15475 | 1.5932 -0.28255 | -0.12848
0.025595 | 0.80212 1.5932 3.8636 | -0.24775 |-0.17071
-0.010275 | -0.088766 | -0.28258 | -0.24774 | 3.0113 0.091551
0.14133 0.12119 -0,12859 | -0.17072 | 0.091522 | 2.7558

Young's Modulus E; / (GPa) | 7.1211 7.1213 7.1212 + 0.0001
Young's Modulus E; [ (GPa) | 7.9283 7.9285 7.9284 +- 0.0001
Young's Modulus E5 / (GFa) | 11.3851 11.3852 11.3852 + 0.0000
Poisson Ratio Vp 0.3547 0.3547 0.3547 + 0.0000
Poisson Ratio Vi 0.2160 0.2160 0.2160 + 0.0000
Poisson Ratio Vas 0.2517 0.2517 0.2517 + 0.0000
Poisson Ratio Vs, 0.3949 0.3949 0.3949 + 0.0000
Poisson Ratio Vs, 0.3454 0.3454 0.3454 + 0.0000
Poisson Ratio Vs 0.3614 0.3614 0.3614 + 0.0000
Shear Modulus Gy [ (GPa) | 2.7558 2.7557 2.7558 + 0.0001
Shear Modulus Gy / (GPa) | 3.0113 3.0111 3.0112 + 0.0001
Shear Modulus Gx; [ (GPa) | 3.8636 3.8635 3.8636 + 0.0001
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Mechanical Analysis - HCT scan

e visualization of the von-Mises stress

Material Information:
m ID 00: Polyamide (PA 6) [invis.]
wm ID 01: Glass

vonMisesStress / (GPa)|

3.00e-04
2.50e-04
2.00e-04
1.50e-04
1.00e-04
5.00e-05

Plot Range:
max: 4.40e-04
min: 6.60e-06

Data Range:
max: 1.62e-02
min: 6.60e-06
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Modeling the Digital Twin
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Digital Twin — Geometrical Analysis of HCT-Scan

e fiber diameter distribution

Average fiber diameter: 9.38167e-06 m
Standard deviation: 1.95088e-06 m

0.31

0.25
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0.1
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Fiber Diameter / (m)
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Digital Twin — Geometrical Analysis of HCT-Scan

« fiber orientation analysis
— using Star Length Distribution Algorithm

— works on a per-voxel basis
— analyzes the chord lengths through the voxel for a pre-defined set of directions

— the relative length of the cords gives the per-voxel orientation tensor

— tensors are averaged
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Digital Twin — Geometrical Analysis of HCT-Scan

« fiber orientation analysis

— homogenized orientation tensor for the entire scan

— visualization of the main orientation

Material Information:
m ID 00: Polyamide (PA 6) [invis.]

e calculation of the fiber volume fraction S I0 01 Glass

Block 0,0,0: Solid Volume Fraction = 30.9137%
0.165335-0.0166808 | -0.0524757

- 0.289308 |0.155508
- - 0.545357
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Digital Twin — Modelling

» use all collected geometrical properties of the material for modelling the
digital twin in FiberGeo

GEoDICT

Result File Name (*.gdr) Digital Twin.gdr

Create Options Fiher Options Result Options

Create in Current Domain

Keep Current Objects / Structure

Damain
NX 500 =
NY 500 =
NZ 450 =
Voxel Length / (um}y 1.4

Overlap Mode

® Allow Fiber Overlap
Remove Fiber Overlap Edi ...

Prohibit Fiber Owverlap

Use Isolation Distance -

Enforce Fiber Overlap

700 pm Origin X/ (pm) |0
700 pm Origin Y/ (pm) |0

&30 pm Origin Z { (pm) |0

Center Domain

Material ID Mode

Overlap Material (ID 03)

¥ | Periodic X
| Periodic ¥
v | Periodic Z

Pore / Matrix Material

Stopping Criterion

pm
Material ID per Object-Type -
Glass (5olid) ...
(ID 00) Polyamide (PA 6) (Solid) ...

Fixed Object Mumber

@ Object Solid Volume Percentage 30,9137
Grammage / (g/m?)
Density / (g/cm?}
Object Weight Percentage

Maximal Run Time / (h) 6

Random Seed

® Orientation O

{GEODICT

Isotropic

Anisotropic Direction

| e Anisotropic Drienmtionl
Orientation Mode IOrient:ltion Tensor VI

X |

Anisotropy 1 1
Anisotropy 2 1
Phif (°) 0.0000
Euler Angles Theta / (°) 0.0000
Psi/ (°) 0.0000
0.165335 -0.0166808 -0.0524757
Orientation Tensij 0.0 0.289208 0.155508
0.0 0.0 0.545357

® Length/ (p... O
Constant
® Uniformby in interval
Minimum / (pm) |150
Maximum / (pm) |250]
Gaussian
Probability Distribution
Log-Norrmal
| 0K [ Cancel

Mormalize + Calculate Anisotropy Parameters

Profile Angle to XY-Plane / (°) |D | Edit ...
Given Direction
In XY-Plane
0K Cancel

IDVIS
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® Diameter / (um) ] *

GEODICT

Constant
Uniformby in interval

® (Gaussian

Mean Value / (pm) 9.38167

Standard Deviation / (pm) [1.95088

Distribution Bound / (pm) |5

Probability Distribution

Log-MNorrmal

[ oK [ Cancel




Digital Twin — Modelling

 visual comparison of the twin and the uCT-scan

Material Information:
wm ID 00: Polyamide (PA 6) [invis.]
wm ID 01: Glass

Material Information:
wm ID 00: Polyamide (PA 6) [invis.]
wm ID 01: Glass

MCT-Scan Digital Twin
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Digital Twin — Mechanical Analysis

e comparison of the stiffness tensor

Stiffness Formulation for Strain Equivalence [ (GPa)

10.232 |5.4243 |5.4948 | 0.025524 | -0.010267 | 0.14141

5.4244 11.597 6.0651 | 0.80216 |-0.08876 |0.12121

3.4949 6.0652 15475 | 1.5932 -0.28255 | -0.12848

0.025595 | 0.80212 1.5932 3.8636 |(-0.24775 |-0.17071

-0.010275 | -0.088766 | -0.28258 | -0.24774 | 3.0113 0.091551

0.14133 0.12119 -0.12859 | -0,17072 | 0.,091522 | 2.7558
HCT-Scan

Stiffness Formulation for Strain Equivalence / (GPa)

:> very good agreement between uCT-scan and digital twin

IDVIS
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10.757 |5.4859 5.5878 |0.053966 0.06989 |0.16679

5.4859 [11.688 [6.0427 [0.78271 |-0.070062|0.16912

5.5879 |6.0427 [14.307 |[1.1605 |-0.031768|-0.05373

0.054045|0.78275 [1.1605 [3.6667 |-0.15612 |-0.11499

0.069986 | -0.069923 | -0.031719 | -0.15614 |3.1619 | 0.081569

0.16684 |0.16916 |-0.053757(-0.11499 |0.081581 |2.9358
Digital Twin




Digital Twin — Some Examples
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Digital Twin — Polysulfone micromembrane

 used for seawater desalination

curr | det HV mag |spot| WD HFEW | tilt | — 350 pm
14 pA|ETD|5.00kV 1241 x| 2.0 | 5.7 mm | 206 ym | 30 | MNova Nano

SEM image Digital Twin

[Shi et al., Water flow prediction for Membranes using 3D simulations with detailed morphology, 2015, Journal of Membrane Science]
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Digital Twin — Sintered Ceramic

* used for soot particle filters

polished
micrograph
sections

models

% - ." Y
L g ——
Eite % wa-fr%

[Schmidt and Becker, Generating Validated 3D Models of Microporous Ceramics, 2013, Advanced Engineering Materials]
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Digital Twin — Sintered Ceramic

-12
25x10

O simulation

[[] measurement

permeability [m?]

46
porosity [%]

[Schmidt and Becker, Generating Validated 3D Models of Microporous Ceramics, 2013, Advanced Engineering Materials]
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Digital Twin — Gas Diffusion Layer

e used in fuel cells

HCT-Scan
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Digital Twin — Gas Diffusion Layer

< >
E—)

In the original CT Scan binder It is necessary to differentiate fibers
and fiber can not be separated from binder based on the shape

Binder and PTFE

Carbon Fiber
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Digital Twin — Gas Diffusion Layer

< >
E—)

Binder and PTFE

Carbon Fiber
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Digital Twin — Gas Diffusion Layer
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Thank You!

Dr.-Ing. Constantin Bauer
Math2Market GmbH
+49 631 205 605 - 28
constantin.bauer@math2market.de
www.geodict.com
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