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Devices

GE phoenix nanotom s
* 180 kV sub-microfocus

¢ 23042 pixel flat panel detector
e In-situ loading stage

RayScan 250 E
e 225 kV microfocus X-ray source

¢ 450 kV minifocus X-ray source

* 20482 pixel flat panel detector
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FFG — ZPT

® K-Project for Non-destructive Testing and Tomography ZERSTORUNGSFREIE
PROFUNG UND

® 2009-2014, 6 M€ TOMOGRAFIE

® www.nondestructive.at

EU-FP7 NanoXCT

® Compact X-ray computed tomography system for non- NAaARG o |
destructive characterization of nano materials

@ 2012-2015, 4.5 M€

® www.nanoxct.eu

EU-FP7 QUICOM

® Quantitative inspection of complex composite aeronautic parts
using advanced X-ray techniques

® 2012-2015, 5.1 M€)
@ www.quicom.eu
further European and national projects
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Expertise and Methods ~M
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Expertise:
® Non destructive testing, materials characterization and 3D micro structure analysis
® 3D-Metrology

r\..-\utu tral and accirane,
‘ ® 3D Image Processing and Visualization

Methods:

® Macro-, Micro- und Sub-micro-Xray Computed tomography,
(especially quantitative XCT)

@ In-situ stages

YOCT Ciraialatinn

® Advanced Image Processing and Visualization
techniques
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XCT applications for polymers
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Non destructive testing, e.g., Crack + pore Actual — nominal
detection in injection moulded specimens - comparison

Quantitative analysis, e.g., Cellulose distribution  Cellulose fibre
Porosity in CFRP in PUR foam characterisation
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Fiber extraction ;h
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(CTsean)
CT resolution &S*@/

® ~fibre diameter / 6 7/ Data "ot
® e.g. 2 um per voxel preparation
Gaussian filter
Analysis volume
s Y radier
® 5x3x 317 mm? /—r sn_pnon-‘nl.\nun Local ﬁbre\ ni:r::n‘.;
599""6“‘3“"!5 \_ direction )/ wesemsu
Duratlon ‘r Ortho p|AI\E'
® Scan: 5 hours /Medial Axis, "™
L > .
® Data analysis: 1,5 hours KEXUaCUOﬂ
[
Cluster
Analysis
Individual fibre
characterization /., ..
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Fiber extraction
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Individual fiber characteristics
@ Position, Length

@ Diameter, Orientation

® Surface, Volume, etc.

CT slice images of 3D image of extracted Export of individual fibre characterization in
original data set fibres colour coded *.csv format

(PP-GF30) according to orientation

Voxelsize: 2 um (PP-GF30)
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Accuracy and Reproducibility @
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Reference

@ XCT simulation: fibers as cylinders

Fiber characterization

® Simulated data, constant fiber diameters
® Simulated data, varying fiber diameters
@ Real world scan

Results

@ Correctly extracted fibres:
> Simulated data, constant fiber diameters: 90,9 %
> Simulated data, varying fiber diameters: 80,7 %
> Real world scan (voxelsize 2 um): 82,7 %

@ Errors mainly due to:
> Breakage, Wrong connection
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Visual Analysis of Porosity
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Task 1: Task 2: Task 3: Task 4:
Quantitative Porosity overview Local pore Best viewpoint
porosity properties

A. Reh et al., Porosity Maps—Interactive Exploration and Visual Analysis of Porosity in Carbon Fiber Reinforced
Polymers, Computer Graphics Forum 31, 1185-1194
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Porosity Maps Pipeline ;h
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b e Computaion e A

T Beam Data Mapping
Measurement Hardening
Correction
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Porosity Maps Pipeline ;h
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Data Acquisiton e NPT wep V15021 Arlyss o

Anisotropic Otsu Connected Porosuy
Diffusion Thresholding Components Determination

C. Heinzl 12 )




Porosity Maps Pipeline ﬁh
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Visual Analysis of
Porosity

Data Acquisition mmp Pre-Computation mmp

Porosity Maps Parallel Interactive Best Viewpoint
Coordinates Exploration Widget
View
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Porosity Maps Calculation ﬁb
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Py
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&£
low

Porosity Map calculation Porosity Map
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Results: Porosity Maps ;h
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Results: Porosity Maps ﬁh
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!high

Porosity

low

XZ porosity map
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Mean object representations ~M
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A. Reh et al., MObjects - A Novel Method for the Visualization and Interactive Exploration of Defects in Industrial
XCT Data, Visualization and Computer Graphics, IEEE Transactions on 19 (12), 2906-2915
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MObijects Pipeline Overview ;h
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MObijects Pipeline Overview
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MObjects Pipeline Overview
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Hemogeneity
Visuslization
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Lol MObjects Calor-owied Homogeneily Visvolizstion of the dverage Cell Praperiy Devistion
Visualiztion
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MObijects Pipeline Overview U

Radial MObject  Parallel MObject  Scaling thmugh  Repesomiative
Set Visualization SetVisuallzmtion  Visual Linking MiCbjects
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Results: Homogeneity Visualization
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Deviation from avg. pore dimension X [mm]
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Results: MObiject Set Visualization ﬁh
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Uncertainty Clowd o L) 228
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Further Activities ;h
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@ Individual Fiber Visualization
® Fuzzy 3D metrology
® Multimodal Visualization [ ——
® XCT Simulation = _=E
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Thanks for your
attention!
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