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THE WORKFLOW FOR DIGITAL MATERIAL

DESIGN WITH GEODICT®
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IMPORT ANALYZE MODEL DESIGN
NEXT GENERATION

MATERIAL»» » »

The idea is the beginning.

Design a material from 

scratch or import images 

from an existing material 

to create a digital model.

Discover the geometric 

properties and compute 

the physical properties  

of the material.

This is the start of 

creating a Digital Twin.

A Digital Twin is the 

statistical representation 

of the material in the 

digital world. 

Here begins the design 

process.

Digital prototypes are 

easily and rapidly 

created. 

Simulate and evaluate in 

a loop to find the 

material with the desired 

properties.

The materials of the 

future are within reach 

and we help you find 

them faster. 

DIGITAL MATERIAL STATISTICAL MODEL DIGITAL TWIN DIGITAL PROTOTYPES

THIS IS INNOVATION

THROUGH

SIMULATION.



                                                              

OUTLINE

© Math2Market GmbH-- 4 --

01 What is GeoDict?

02 Digital Twin of a Short Fiber Reinforced Polymer

03 Other Examples of Digital Twins



                                                              

DIGITAL TWIN OF A SFRP
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 What material are we looking at?

 PA6GF50

‒ Polyamide 6 matrix

‒ short glass fiber reinforcement

‒ 50 % fibers by weight

 produced by injection molding

 used in mass production for structural components 

(e.g. engine bearer)



                                                              

DIGITAL TWIN OF A SFRP
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 6 Steps to the Digital Twin

1. Import, process and segment the µCT-scan

2. Calculate the mechanical properties directly on the µCT-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



                                                              

DIGITAL TWIN OF A SFRP

IMPORT AND SEGMENTATION
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 Import a stack of 2d images

 Image processing to improve quality for segmentation n

 noise reduction, edge sharpening

Applying a Non-Local Means Filter for noise reduction



                                                              

DIGITAL TWIN OF A SFRP

IMPORT AND SEGMENTATION
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 automated thresholding using OTSU1 algorithm

PA6 Glass Fibers

1Nobuyuki Otsu (1979). "A threshold selection method from gray-level histograms". IEEE Trans. Sys., Man., 

Cyber. 9 (1): 62–66



                                                              

DIGITAL TWIN OF A SFRP

IMPORT AND SEGMENTATION
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 automated thresholding using OTSU1 algorithm

PA6 Glass Fibers

segmentation

1Nobuyuki Otsu (1979). "A threshold selection method from gray-level histograms". IEEE Trans. Sys., Man., 

Cyber. 9 (1): 62–66



                                                              

DIGITAL TWIN OF A SFRP

MECHANICAL ANALYSIS - CT SCAN
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 linear elastic simulation of 6 different load cases

 3 uniaxial experiments

 3 shear experiments

 used material properties

 PA6: E=2.8 GPa / ν=0.39

 Glass: E=72  GPa / ν=0.22

 computation time: 589 s

 4 CPUs

 0.5 GB memory



                                                              

DIGITAL TWIN OF A SFRP

MECHANICAL ANALYSIS - CT SCAN
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 calculated engineering parameters and stiffness tensor
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MECHANICAL ANALYSIS - CT SCAN
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 visualization of the von-Mises stress



                                                              

DIGITAL TWIN OF A SFRP

GEOMETRICAL ANALYSIS - CT SCAN
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 fiber diameter distribution
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GEOMETRICAL ANALYSIS - CT SCAN
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 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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GEOMETRICAL ANALYSIS - CT SCAN
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 fiber orientation analysis

 homogenized orientation tensor for the entire scan

 visualization of the main orientation

 calculation of the fiber volume fraction



                                                              

DIGITAL TWIN OF A SFRP

GEOMETRICAL ANALYSIS - CT SCAN

© Math2Market GmbH-- 16 --

 fiber length analysis using Artificial Intelligence

µCT-Scan identified fibers



                                                              

DIGITAL TWIN OF A SFRP

MODELING
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 use all collected geometrical properties of the material for 

modelling the digital twin in FiberGeo



                                                              

DIGITAL TWIN OF A SFRP

MODELING
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 visual comparison of the twin and the µCT-scan

µCT-Scan Digital Twin



                                                              

DIGITAL TWIN OF A SFRP

MECHANICAL ANALYSIS
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 comparison of the stiffness tensor

µCT-Scan Digital Twin

very good agreement between µCT-scan and digital twin 
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OTHER EXAMPLES OF DIGITAL TWINS

POLYSULFONE MICROMEMBRANE

© Math2Market GmbH-- 21 --

 used for seawater desalination



                                                              

OTHER EXAMPLES OF DIGITAL TWINS

SINTERED CERAMIC
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 used for soot particle filters

[Schmidt and Becker, Generating Validated 3D Models of Microporous Ceramics, 2013, 

Advanced Engineering Materials]
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 used for soot particle filters

[Schmidt and Becker, Generating Validated 3D Models of Microporous Ceramics, 2013, 

Advanced Engineering Materials]



                                                              

OTHER EXAMPLES OF DIGITAL TWINS

GAS DIFFUSION LAYER
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 used in fuel cells

µCT-Scan



                                                              

OTHER EXAMPLES OF DIGITAL TWINS

GAS DIFFUSION LAYER
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 used in fuel cells

Binder and PTFE

Carbon Fiber

?

Identifying binder with Machine Learning



                                                              

OTHER EXAMPLES OF DIGITAL TWINS

GAS DIFFUSION LAYER
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 used in fuel cells

µCT-Scan segmented image
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