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Outline

/I Fractography - Interpretation of fracture surfaces

II' Machine Learning F 1- with Machine Learning based on SEM
I rac o images and topography data

Il SEM Topography

Il iFracto project

Il Results

BAM - Federal Institute for Materials Research
/I Outlook ; BAM

and Testing
Dirk Bettge, Lennart Schmies

GFAI - Institute for Applied Informatics
GFaD Ulrich Sonntag, Benny Botsch

@2.‘22ttmmc point electronic GmbH
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Fractography - Principles

/I Evaluation and description
of fracture surface
characteristics

/I Determination of the
fracture mechanism

s e (1 e eur e S / [dantify the cause of the
failure

SEM MAG: 500 x Det: SE SEM MAG: 2.00 kx Det: SE

/I Different crack types
produce characteristic
surface features

point

Fatigue fracture Oriented facets
@ electronic
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Fractography - Typical applications

Wheel rim
(ICE accident Eschede
g 1998)

I Failure analysis
/I Forensic investigations

/I Material science, testing,
research

Power pole

(Snow storm,
Northern Germany
2005)

..............................

"""""""""

................

1cm

1
i 2BAM —y

2 BAM  —

D g F graphi Befi und
Bruchmechanismen (Erakto-Symbolik v0.57)
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Fractography - Practices

Damage case: Sples Archived knowledge /I LM images for overview on
macroscopic level

Il SEM images for
microscopic details

/I Comparative mechanical
testing and literature as
evaluation base

Il Very complex analysis
o) requires considerable
o} experience

Il Time consuming work,
heterogeneous skills
required
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Computer assisted fractography

D e case: Samples ificati :
amage ¢ . Pe Verification /I Artificial Intelligence:

Fracto Machine Learning and

s > ; T @ dedicated Knowledge Base
atabase

/Il Automated imaging (stage,
different magnifications)

/I Additional information:
ﬁ @ Multi-channel signals (SE,
ﬁ 4Q-BSE), Topography,
Metadata

Proposed rults /I Intuitive user interface

{é}@ o ni (pre-analysis, report
[> . 3 generation, database
T, connection)

Machine Learning
Tool

e point
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Project iFracto

< BAM

Il SEM Operator
Il Expert Knowledge
Il Fractographic Database

| Fracto

GFaD @ gl?ei::‘::ronic

Il End-User Application I SEM Data Workflow
Il Machine Learning Il Topography Acquisition
Engine

make - explore - discover
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Software development:
quantitative determination
of fracture characteristics
and fracture mechanisms

Applies machine learning
algorithms and image
segmentation

Provide classifier from
training network based on
expert knowledge

Workflow for multichannel
data acquisition and
processing

Including automated
acquisition of surface

topography
@ point
electronic



Machine Learning

Knowledge base / Round robin tests

Kiirzel Vorgegebene Ubersetzun z Farbcode
Merkmalsbezeichnungen: g von u neu Bemerkung

5 | waben  2ssozss

B B: Scherwaben 204 153 255

C C: Mikrowaben 255204 255 A_-

o Inkl. W, OS5, ZI

E Inkl. G, O1-04, TS

F InkL. IS, IB, IF

G

H

Sample #16 34CrNiMo6 Il 26 participants in industry and

i research institutes

Il 46 images from lab generated
fracture surfaces

Il Results: Highlighted image
- areas for fracture mechanisms
and surface characteristics

0.0
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Machine Learning

Training data management

Metadata:
Fracture Type
Mechanism
Material
Pixelsize

Classes Magnifications Input Data Compilation

make - explore - discover

Deep Learning

64x
256x256

Pre-Processing/Training
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Machine Learning

Training network / Classifier (SE images)

Training Data SegNet

Pooling Indices

[ |

| - J Encoder Decoder ——
Rnx256x256><1

2048 x 2048
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Machine Learning

Training network / Classifier with additional height maps

Training Data SegNet

e — - Encoder ————————————p

e — - Encoder ————————————p

]Rnx256><256><1
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SEM Topography

Electron beam

Detector

Backscattered
electrons

20 kV 150x: 1@am SE /L WD

make - explore - discover
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BSE detector with 4
symmetric segments and
calibrated signal
acquisition

Surface reconstruction with
Shape-from-Shading, no
sample tilting

Integrated 3D calibration
for quantitative height
maps

@ point
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Automated multichannel data acquisition

Juo[ el We®  _mm /I Scan control and
. By L ek 4 multichannel signal
acquisition

!l Additional channels for
height map and BSE
compositions (material and
topographic contrast) at
the same time

/I Remote control for image
and height acquisition
including data storage

Il Apply your scripts for
automated workflows with
integrated JSON interface

e point
make - explore - discover electronic



Automated multichannel data acquisition

® Digital Image Scanning System 5 {
File View Stage Info

AL > > D > > > > > > # X
SE n BSE ROl SESlow ILSlow ILlarge SE+IL+BSEfast BSE 4QBSEFast 4QBSESlow Topo ScanFast Topo Scan Slow Sourcelmg Foint/Line  Stop Save.. Save 16Bit
~ H ¥ M A

Signa Manitor Channel Mixer  Chamberscope VideoRee Topo

Foas [&F] (o1 ] [Gear']
B

L
(£3€7] (oK) sk ook 300K |
Scan Rotaton ] [
\

Do,

B GunVac (306009 mbar) B Chamber Vac (3,7E-006 mbar}
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Scan control and
multichannel signal
acquisition

Additional channels for
height map and BSE
compositions (material and
topographic contrast) at
the same time

Remote control for image
and height acquisition
including data storage

Apply your scripts for
automated workflows with
integrated JSON interface

@ point
electronic



Multichannel data exchange

® Multichannel.tif - DIPS6 - [} X
i

Process Measure Standard data formats :
Home View Help Process Pixel Values M u Iti pa g e —TI FF i n CI u d i n g a I I
@ g O Select from library | [#Metadata| Values Calibrated E meta d ata

Load Load from W Min/Max (um) |-48.024 8945 pm v

rom file metadata >< Automatic . .

i /I 8 or 16 bit data with
calibration information

Experiment
Comment

s ORI i !l Additional formulas for
= vl gl AU, quantitative calculations

Magnification 500
Image Number 1143 ll

e o Open access to metadata
S::E:)ﬁlequISI c"-.TopciSc:an’slcaw (XM P)

BS3 Scan Width 256
Scan Height 256 . .
Pixel Width (m) 1.2972973E-6 ” DI PS6 viewer (p0| nt
pixel Height (m) 1.2972973E-6 .
Signal Height map e | e Ct ro n I C)
Data Type F32
BS4
Height map
Signal Mag WD HV e —
Heightmap 500.00 9.10284558mm 20.00kv 4802 S5 n 50 pm
X: 0243 pm | ¥:0.231 pm | Raw value: 61657 ADU | Calibrated: 5,570 um |
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Applied system for iFracto project

Il Tescan Vega3 at Federal
Institute for Materials
Research and Testing
(BAM, Berlin)

Il 4Q-BSE Detector with
DISS6-Topography (point
electronic)

Il Calibration with 3D
reference sample (MMC-
80-4BSD)

Il Fracture samples

Il Image data, height data

e point
make - explore - discover electronic



Results

Software prototype

= iFrakto Test-App [v5), [25.02.22]

Datei Bearbeiten Extras Hilfe

| T B

Genauigkett der Vorhersage

0 % Kontrast 0 2] He

[4] Vorhersage mit Eingangsbild Gberdappen
4] AusschnittsgroRe anzeigen

100 5 Skalierungsfaktor

[ Mehrere Skalenebenen auswerten

Berechnen v

< >

make - explore - discover
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Predicted fracture surface
characteristics

Predicted fracture
mechanism

Accuracy of the prediction

Color editor and data
overlay

Data report (Excel)
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Results

Software prototype

r== iFrakto Test-App [v3], [25.02.22]
Datei  Ansicht Bilddatenbank Operationen Extra Overlay Bildansichten  Protokollierung  ?

ST PLLL OB M A

7

3 Yol

Zusétzliche Informationen

Bruchmechanismus  Bruchmerkmale

Farbe Mechanismus Anteil [%]
Gewaltbruch ‘ 94
Schwingbruch 1 6

Bildeigenschaften

Bildname Pr8_2_waben_1000x_01_SEif
Brete 2048

Hahe 2048

0 3] Kontrast 0 [2] Heligket

[] Vorhersage mit Eingangsbild Giberdappen
AusschnittsgroRe anzeigen
1.00 3 Skalierungsfaktor

[[] Mehrere Skalenebenen auswerten

Analyse

make - explore - discover

Il Topography data (height
map) as additional input
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Results

Improved results with topographic data

X
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Propagation Accuracy

Mean accuracy Corrected IoU

Bmtopo MWSE MBSE mBSE+SE mSE+BSE+topo norm 16 bit

Comparison of fracture surface characteristics (IoU = Intersection over Union)
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Results

Improved results with topographic data

Dimple surface (honeycombs)

Cleavage areas

Grain boundaries

Facets

Not allocated

Predicted surface Improved results with
characteristics with SE images  additional topographic data
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Results

Further results

Dimple surface (honeycombs)

Cleavage areas

Grain boundaries

Facets

Not allocated
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Results

Further results

Dimple surface (honeycombs)

Cleavage areas

Grain boundaries

Facets

Not allocated
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Fractographic Database (free access)

<« CcC 0
Fracto
ataDase

Frakto- D ata b ank

T Introduction
(I) What's new?
Topics

nfo center
= data center

AG fractography

ntroduction

) Meetings / lectures
Fracto Grap hics

Contact
Dr.-Ing. Dirk Bettge

BAM 5.1

Unter den Eichen 87
D-12205 Berlin

& +49 30 8104-1512

3 fraktographie@bam de

last change: 23.7.2021

<& DVM

DVM German Association for
Materials Research and Testing
eV

DGM
DGM German Society for
Material Science eV

2 BAM

BAM Federal Institute for
Materials Research and Testing

Sicherheit in Technik und Chemie
e

& fraktographie.bam.de/php/fraktographie/index php

Fractographic database of the fractography group

Kﬁ

B » @

Fr/~kto
https://www.fraktographie bam.de ra p h ie

Data center

This is the central menu of the Frakto database. Depending on the access rights, you
will find functions for search, input, review and administration here.

B selection
Predefined selection and listing of data sets (fractography cases)

= B Material menu : Step-by-step table selection of fractography cases
= 2 all materials : table of all fractography cases sorted by materials

= = all fractography cases : List of all fractography cases alphabetically case
numbers

@ search

Find records by entering search terms. So far, you can only search for the beginning of
aword, entering placeholders such as * or? can not.

« @ Fractography Case - Case Number
- @ Image - microscopic characteristic
» 2 Image - macroscopic characteristics

[£] Data maintenance (requires author rights)

Creation of new fractography cases and associated image data sets as well as review
of new data sets depending on authorization.

= ¢4 new fractography case
= g4 new picture

- = all files to be shared

all shared images

& Administration (requires admin rights)

User administration with assignment of authorizations. Attention: Users must be set up
by the BAM admin outside of the Frakto DB

Fracto
ata

D der AG Fr Fr

kto
raphie

hitps:/Awww fraklographie bam de

ase

Frakto-Datenbank

D Einfiihruny

D Was ist neu?

n
l6schen bearbeiten
Fraktographie-Fall

Fal-Nummer:  FS038_Kolbenstange

= Datenbank Fallbeschreibung: Schadensfall
AG Fraktographie Bruch einer Kolbenstange
@ Einfuhrung Bruch einer

D Treffen/Vortrage
@ Frakto-Symbolik
# DVM + DGM

Kontakt
Dr.Ing. Dirk Betige
BAMS51

Unter den Eichen 87

[-12205 Berin

B +49 3081041512

‘sprodem Restgewaltbruch. Warkstoff 38hnVS8, Harta ca. 280 HV10.

REM- und Schiifi-Bilder von C. Grainer (Brose), Makrofotos und
Feldemissions-REM BAM

Quelle: BAM / C. Greiner (Brose Fahrzeugtelle GmbH & Ca. KG, Coburg),
20192020
Werkstoff

Werkstoffklasse: Metall

 akdograghedbam Subklasse: Eisenwerkstoff
Werkstoff-Gruppe: Stahl
& pum Werkstoff-Name: 38MnVS8, 1.1303

DM Deutscher Ve

Materialforschung und -prifung

ey

DGM

band e Betriebs- und priifbedingungen

Lebensdauer/Standzeit: ca. 12 Mio. Hibe

DGM Deutsche Gesellschall i

Materialkunde &V

2 BAM

BAM Bundesanstal

Materialforschung und -prafung

Sichecheit in Techik

léschen  bearbeiten

Bild
tfur

Fall-Nummer: FS038_Kolbenstange
uni Chemie Bild-Art: globale Ubersicht

Makrofoto

letzte Anderung: 27 3 2020

Bild

Fall-Nummer: FS038_Kolbenstange
Bild-Art: globale Ubersicht
Aufnahmetechnik: Makrofoto

Aufnahme-Bedingungen

fahren: B 1g einseitig von rechts

Bild

> 4

Contents (9/2022):
> 380 data sets
.200 images

Ubersicht Bruchflache

make - explore - discover

Detail Ubergang vom Schi

www.fraktographie.bam.de
request password: please email

fraktographie@bam.de

Detail Bruchfldche Probenmitte

point
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http://www.fraktographie.bam.de/
mailto:fraktographie@bam.de

Summary

Il Software prototype ready for quantitative fractography

Il 1st round robin test for generation of training data set

Il Classifier and training data enhanced with topographic data

/Il 2" round robin test with software prototype

/I Promising results for SE images in combination with BSE data and height maps
II' Enhanced fractography database

»’.‘,—/,
N
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Outlook

Il Integration of prediction in SEM software (live pre-classification)
Il Interface to fractography database
/I Enhanced training data management (growing knowledge)

Il Further development of fractography software (market release)

make - explore - discover pOint .
P electronic



Thank you!

Dr. Matthias Hemmleb
Senior developer / scientist, point electronic GmbH

& 449 345 - 472256-21
& mh@pointelectronic.de

www.pointelectronic.de

@ point
electronic




	Folie 1: Integrated topographic SEM imaging for software assisted fractography
	Folie 2: Outline
	Folie 3: Fractography - Principles
	Folie 4: Fractography – Typical applications
	Folie 5: Fractography - Practices
	Folie 6: Computer assisted fractography
	Folie 7: Project iFracto
	Folie 8: Machine Learning
	Folie 9: Machine Learning
	Folie 10: Machine Learning
	Folie 11: Machine Learning
	Folie 12: SEM Topography
	Folie 13: Automated multichannel data acquisition
	Folie 14: Automated multichannel data acquisition
	Folie 15: Multichannel data exchange
	Folie 16: Applied system for iFracto project
	Folie 17: Results
	Folie 18: Results
	Folie 19: Results
	Folie 20: Results
	Folie 21: Results
	Folie 22: Results
	Folie 23: Fractographic Database (free access)
	Folie 24: Summary
	Folie 25: Outlook
	Folie 26: Thank you!

