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Introduction and Motivation

“The aim of IUC2 is to develop a framework for reference material data sets using creep

properties of single- & polycrystalline Ni-based superalloy as example.”
https://nfdi-matwerk.de/infrastructure-use-cases/iuc02-framework-for-curation-and-distribution-of-reference-datasets

User/User Journey: Research task could be alloy design,
optimization of mechanical properties (chemical
composition, heat treatment strategy)

Data available: Normal’ data set (DS) e.g. from SFB/TRR
103 vs. reference data set (RDS) e.g. from BAM

A RDS would be a DS used
o as high quality data to correlate material properties
and serve as baseline for the optimization process
o to calibrate the experiments in the own lab
Requirements (contents, shape, FAIR, accessibility)

Demonstrator at the booth at marketplace: GitLab (Notebook with data)
User Journey: https://app.conceptboard.com/board/x7zn-2yq0-eabn-piic-dbiu
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https://nfdi-matwerk.de/infrastructure-use-cases/iuc02-framework-for-curation-and-distribution-of-reference-datasets
https://app.conceptboard.com/board/x7zn-2yq0-eabn-piic-dbiu

[UCO02 - Overview

“develop a framework for reference material data sets”

Reference Data Set
e Definition, criteria for reference data (material,
equipment, procedures, results)
® .. Community process needed - Poster

e Curation process ‘
User/Usage Analytics
e Testing laboratories
® Researchers
Possible uses
e Comparison of data for interpretation of individual
measurement results
e Calibration/verification of measurement devices
® .. Community process needed - Poster

—> Different user cases derive different requirement
profiles (for content and shape of data)

Creating the reference dataset
Content:
e MSE perspective or “Fit for purpose”?
e Agreement on content based on input from domain
experts
Shape:
e RDM perspective or “Fit for use”?!
e Creation, structuring and distribution of (creep)
(meta)data: FAIR DOs
Distribution/Publishing of the Reference Data Set
e Ontology, Licensing, DOI

1 Ariza, Angela et al., Datennachnutzung in der Praxis; DOI: 10.5281/zenodo.7568266
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Agreement and Data Structuring

o Agreement on:

o (meta)data and documentation,
considering the existing datasets
(BAM, RUB, SFB/TR 103)

o data structure and vocabulary
(ISO 204-standard on creep testing)

o a ‘rating” of the (meta)data to define
guality requirements in terms of
contents

e Vision: Creation (a) data schema
template(s) or check lists to be used by the
community
(to generate RDS)
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1 BAM 5.2 EKriechdehnung WVh5205-83.LIS ADVANCED
7
3 Prifnorm 150204 E»GA"PEERE'RAITSG
4 Rohdaten.DAT Vh5205-83
5 Versuchs-Datum 23.02.2022
6 Projekt NFDI-MatWerk DOL: 10.1002/adem.201400136
7 Werkstoff CMSX-6 . . . .
¢ |zustand/Orientierung Alpha 2,6 Advanced Scale Bridging Microstructure Analysis of Single
9 Pritfmaschine 8 > -
10 max. prafkraft w20 Crystal Ni-Base Superalloys
11l Dehnungsbereich % 30
12 Probenbezeichnung Vh5205-83 i * Phili Il inrich k Chri: Aleksand the
= robenzeichoun KRT010-002 Formh By Alireza B. Parsa,* Philip Wollgramm, Hinrich Buck, Christoph Somsen, sander Kostka,
N g Ivan Povstugar, Pyuck-Pa Choi, Dierk Raabe, Antonin Dlouhy, Julian Muller, Erdmann Spiecker,
14 Probenform rund Kathri oder, Ji Sch Kl Neuki d Gunther Eggeles
15 min. Probendurchmesser bei RT mm 6,003 athrin Demtroder, Jurgen Schrever, Klaus Neuking an nther tggeler
16 Priiftemperatur PT °c 980
17 Anf.-Spannung MPa 200
18 Prufkraﬁt . kN 5,66 In the present work, we show how 1 and ad: q Yiresinal o
18 Bezugslénge bei RT m o 22,78 A et o e i
20 Aufheizzeit (PT erreicht) h 2,97 B cactificais —
21  Haltezeit ho 1,25 acros B RSITAT R U B S e,
22 Belastungsgeschwindigkeit MPa/s 11,33 with TR103/BC/ERBO/ BOCHUM H oyl P pvees
23 Entlastungsgeschwindigkeit MPa/s - andy  1A-1-MA0S4-2
24 Versuchszeit h  166,3 analy s
25 Bruchzeit h 166 mgia page 10!
geiplastische Anfangsdehnung * tomog 1 Reference number ERBO1A-1-MA0564-2
27  Kriechdehnung % 27,68 G
26 plastische Dehnung ' 27,68 meth] 1.1 Date of production 20.10.2011
29 gesamte Dehnung % 27,95 i
3 81 12 Date of delivery
Supplier Doncasters Precision Castings Bochum GmbH
Recommended | Specification ERBO1
Mot
mandetey L AT T Place of storage WTM Erlangen
p- g " Category (BAM) - EN _ | Category (BAM) 1| -EN 5 ol B grestParameters T 1
EN 65 type": "object",
Metadata Test info Test order |Test date 66 *required”: [
Metadats Testinfo Test order ifm 0 67 "““i:zs;‘"um' i
68 "specifiedTenperature*,
Metadats Test info Tast order :Wojod pos “initialStress",
Metadata Test Info Test order |Operator 70 stType”,
Metadata Testinfo Specified test parameters |Testng Stan| 71 "endOfExperiment”
Metadata Test info specified test parameters |specified Ted 72 L
Metadata Test info specified test parametars | Initial stress 7”, = ;n_];‘ andard”: {
Metadats Test info Specified test parameters 7% “type": *string®
Metadata Test info specified test parametars 76 H
Metadata Test info Speciied test parametars v 77 "specifiedTenperature®: { % .
3 B “description”: *Synbol usually indicated as T*,
Metadata Tested material Material and state |Material ID 2 wgrefe: *n/§defs/Conplexvalue®
Metadata Tested material Material and state iManufacmr: 20 }
Metadata Tested material Material and state Heat treatny a1 “initialStress": {
Metadata Tested material Material and state |Single Crystq 52 " Iption™. "Symbul usually indicated es $R_{u}$~,
Metadata Tested material Test piece [Test piaee 1] 83 “: *#/$defs/Complexvalue”
Metadata Tested material Test prece :Type of test ;2
Metadata Tested matental Test piece |Test piece tq g *string*
3.9 *string*
extension "
ALy, "i "#/$defs/Complexvalue”
increase of extensometer gauge length, L, at time t and at test temperature }

3.10
elongation
ALy,

Mote 1 to entry: For further information, see 6.2.

increase of original gauge length, L. at time ¢
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Shaping Exemplary Data Set: FAIR Digital Object

Data object (';"aet;a Metadata object
® Link to the location ® Link to the location
e.g. storage location of the data file e.g. storage location of the metadata document
e Link(s) to metadata object(s) e PID
e PID ® Type
e Type )
°
o :
FAIR Digital Object: wWerk: BCR® - 425 Bl sy
® Representation of data SCR-425_cert.pdf Document Certifcation of analysis
e Contains all information towards FAIR Dataset Metadata JSON =
e Conception: technology agnostic — Ot 37 015 oo
e Bridges between data repositories, BCR25.280.1 LIS s M—-‘M

. T Metadata -b,05 1 3 5 7 9 1 13 15
disciplines, etc. 5
Creep 2
e Implementation AP
) * BCR425-280-2.LIS LIS 0 W ®
@) H a nd Ie P I D ?\‘\1 Metadata . 0 20 40 60 80 100 120 140 160 180 200
A
o Information Record el
T BCR425-280-3.LIS Lis gos WM
PID Ptl’)clgle Type O(L:JaRll_on 5 oG Metadata °C " 4 @ 8 10 12 w40 160 180 200
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Exemplary RDM Reference Data Set

Technical Process Overview

Data

Examination
& Structuring

| Requirement
Analysis
JSON
Schema
Creation &
Validation

GOALS & OBJECTIVES

Functional Requirements S
o Define criteria for reference data

® Usage analytics (collect, analyze, present,
exchange, and visualize data)

® DME backend (data registration, PIDs,
authenticity of reference data)

® Metadata storage

JSON
Schema
Registration

Metadata
Document
Editing

Metadata
Document

Registration

Kernel
Information
Profile
Adoption

FAIR DO
Creation

FAIR DO
Interpretation

A i
[Recommended & “testingStandard®,
[Not mandatoey 68 “specifiedTenperature”,

Cat. (BAM I- ] “initialStress”,

len . Category (BAM) Il - EN. . Category (BAM) 11 - EN = j"““" ™ “testType",
T Metadata Test info Test order Test date ;; ; *endOfExperinent”

Metadata  Testinfo Test order TestiD ” “properties”: {

Metadsta  Testinfo Test order Project ™ “testingStandard®: {

Metadata Testinfo Test order Operator 7% “type": "string®

Metadata  Testinfo Speciied test parameters Testing Standard % )

Metadata Testinfo Specified test parameters Specdied Temperature m ure*:

Mesdsa  Tesiio ecedtetpaameers | n T el dnkotad W

Metadata  Testinfo Speciied test parameters Test type (nterrupted/not int »

Metadata Testinfo Specified test parameters End of experiment (time limit 8

Metadata  Testinfo Specied test parameters Test force a “Sysbol. usually indicated as $R_{o}$",

Metadata | and Material ID & “§ref": *8/$defs/Conplexvalue”

Metadata land &

Metadata  Tested material Material and state Heat treatment 5

 Metadata | and & 1

Metadata  Tested material Test piece Test piece 1D 5 and0fExperinent®: {

Metadata  Tested material Test piece Type oftest piece 8 “type": "string®

Metadata Tested material Test plece Test plece technical drawing % 1,

Wetadata Test piece Location of the sample in the 91 “testforce: {

1 Metadata Testing and measuring equipment _ Testing machine. Testing machine 1D :; i of": *8/$defs/Conplexvalue”

Metadata Testing and measuring equipment  Testing machine max. applied force % )

Metadata  Testing ng equip Testing machne Dat; o1 N

Metadata Testing quipn e trol via 9% }

Metadata  Testi g P type i 1

Metadata___Testing and measu t Thermocouple: quant

CC DEM Goals
FAIR DO representation

* Automatically store data with their
corresponding metadata

o Search, access, and analyze data

irrespective of its location and file format .
Ceneral

Create and shape ROM reference The MetaStore Service

MetaStore

The MetaStore Service

datasets and to provide a recipe how to Doitin

documents. Metadata documents e registered and gven 2 unge dentie, korrally qualty-controlled and

Thus

the Vetasiore,a

Atingest,

do that (2 Docker Images i
News Archve .
WHAT DO WE KNOW ABOUT THE PP
Users
Dataset* Bou S
Exists as (data formats] .pdf Jis. Dev
elopers
Size méx 1 M8 B s the e
Published at Zenodo Zenodo
Created by BAM-5.2 BAM5.2
Purpose of the dataset Information about Dataset files containing
test conditions; metadata and test
Metadata results
e

hitps:fwrw sce kit edy/index php

General Metadata

Title®
SEM data

Start Time@
17:15:00

End Time@

2022-06-12T12:00:002

NFDI-MatWerk

Metadata Repository Ul

Manage and access your metadata
schemas and documents on the MatWerk

instance.

NFDI-MatWerk

Data Repository Ul

Manage and access your research data
described by DataCite metadata on the
MatWerk instance.

Search

HelmholtzKIP

Type: KemelinformationProfie

identifier

VERSIONS DO VIEW / DETAILS

21.TH1148b3b76IBE7B4563242917
Type Name *

HelmholtzKIP
Description*

RELATIVES

Draft Kernel Information Profile used within the Helmholtz Metadata Incubator Platform (HMC).

Handle.Net*

Index Type
21.T111 2|

21.T11148/397d831aa3a9d18eh52¢
21.T11148/aafd5fhdc7222e2d950a

21.T11148/c692273deb2772da307¢
21.T11148/1c699a5d1bdad3badd56
21.T11148/1 Tae001
21.T11148/2f314c8fe5h6a0063a8
2L.T11148/bd15e16fbedcad0f2270
10 20.T11148/82e2503c49209¢987740
100 HS ADMIN

S

[Handle Values for: 21.11152/253¢0f2a-4d4a-4916-ad5a-efTcd8ad 119

Timestamp

2022-09-15 13:03:03Z
2022-09-15 13:03:03Z
2022-09-15 13:03:03Z
2022-09-15 13:03:03Z
2022-09-15 13:03:03Z
2022-09-15 13:03:03Z
2022-09-15 13:03:03Z
2022-09-15 13:03:03Z
2022-09-15 13:03:03Z
2022-09-15 13:03:03Z
2022-09-15 13:03:03Z

i3 FAIRDOGraph

@ ihemtaror

@ 21.THa8CS 15000 30e4a32 100
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Towards Ontology for Creep Data (Reference Data Set)
Ongoing work

Jalin
~edqul rements

Domain: MSE (High temperature application/ creep

testing)

Requirements:

» Representation of creep testing in a conceptual
way for a reference material and based on a
testing standard/norm

-> user can transfer the concepts in their own work == ==

Status: Metadata annotation /agreement on controlled [ =
vocabulary (with BAM/RUB)

Reuse:
* NFDIcore

« PMDcore Ontology on tensile testing
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Key Takeaway M

Data Is
produced
Define criteria for

RDS and verify

Publish/Distribute
- Agreement on
content

Creating FDO(s)
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Application for data schema and control vocabulary

A reference dataset is available. It provides:

« Data schema

« Example data

A group wants to publish data related to previous publication. They follow the next steps:
« get the data schema

* Prepare their data for schema compatibility

« Fill the data schema with their data

« compare the data with reference dataset to check completeness

28.06.2023 Creep Reference Data 10



Application for data schema and control vocabulary

v

+ Reference data

Data schema / vocabulary from experts Structured reference data
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Application for data schema and control vocabulary

Mappings

Data from working group
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» data schema / data structure ————— Structured user data

v Metadata:
» Test info:
» Tested material:
» Testing and measuring equipment:
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LRl D1 COWBINED LOM EXLEHMWT N2E: S0BA2°3 o010 Jlgeade 0'0Is2 10830 00133 Q3180 00730 08¢ 00317 L] Unit: "
] S — sz oooe: ez oot e oo wws oo s ous00 » Fraw times:
L. il ey 000 S 000% eenio 00170 20 00T% 2870 00T - Value: "SFB/TR103
AV Ok 2 LEVEITE CHEE DYV (10 BE EOM i 3 !
TRTHS 00092 IRITQ 00083 o433 00100 23308 00733 485 00Ty » Test ID:
3L oooar 11a5y 00008 co2td  oo08a 48R 0DIIs wegs  oolel v secunda ry data H :
T335ER 00038 105300 oo Ry ooos 437 DOToR T 00N » Test date:
wBT 00053 @2ed 00047 23907 0008 45T 00083 ey 001 :
Q3Trs  000TL we2e 00030 4051 oo0ag 30983 000N s93  00ISS v Te s 't resu 1 t S v Tested material:
2 00Te 04Ty 000352 +ers 0004y 30087 00002 32523 0010y » Bibliographic information:
0113 000ie :evs 000sT wns 000w /e 0002S s3e80 000M .
4708 00072 4ey2 00018 403 000se 5T 0o S0% 0'008T v Tes't Sequen ce: v Material and state:
|02 0'007S 04N T 0'001¢ 3ad0 00037 3a0e? 00023 8317 0008y > Ageing applied'?:
30300 00010 Wey 00013 sseta 00072 S52 0008 IS 00025 ; )
sgyy  o000s sors  otor 03 oo meve  ooore mavs  otow » Corrected measured tem pe rature: » Angle orientation:
IEast 00008 1882¢  000DA [ET 00003 13087 00013 1I80a 00033 . : : Lo "
15004 0000y Hers 0000y ne7 00002 1022 0000) 0% 00058 . Blank: Geometry/Dimensions: "Plate
082 00002 +Ha 00004 EEEL sy 0000¢ R23 0000 »> Loadlng rate H Blank: date of supply: "20.10.2011"
403 00005 304y 0'0003 83e 00002 300'3 00003 8IS 00010 BL. K: d b .
EERY 00001 RET A 00003 383 00003 1803 00003 80y 0'000% L] > ank: order number:
e 0000l s 00001 1wy 0000l w00 00001 2% 00005 > Unlﬂadlng rate: » Blank: supplier sample ID:
: oD 00000 oo 00000 oo 00000 00 00000 a0 00000 . ies . : s
GrbIrLe e 31T P nbime qwe: 1803 B b Qs 230 1 DING Qe 534 b BN Q! 140 . » Chemical composition, measured (including precision):
s0vac0 szouz0 saong00 seos0 se0\e00 » Heating speed: .
»

U L6212 WEE IDEMLILIED BA LEWBEBVINBE (W oC) VMD ZL8E22 (1M WbW]* 350\800 IMDICVLEZ ¥ [E21 MHICH MV2 bEEEOKINED W1 150.C VWD 800 b3

[G0T] LEWRITE CHEED DV BEEZEALED V2 LIWIE (11 2) A2° 21KVIM (VB2OTNLE AVINE) LMO COTMWM BEBBEZEALVLION" LIAE: TEEL' 2LEVIH: BICHL
) [ T S [ N Ko
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Crack inspection details:

» Geometry/dimensions of blank:
» Grain Defects mapzos?:

» Heat treatment: Atmosphere:

Notebook 02_GetRubTables
Notebook 03 Rub to schema
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» Cooling speed:
» Elongation and extension:
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Application for data schema and control vocabulary

User 1 data +

v Metadata:
v Test info:
» Bibliographic information:
v Test order:
v Test date:
Value: "15.08.2017"
Unit: ""
Symbol: ""
v Test ID:
Value: "KK 970"
Unit: ""
Symbol: ""
v Project:
Value: "int. Ringversuch 2017"
Unit: ""
Symbol: ""
v Operator:
Value: "NN1"
Unit: "" S
Symbol: ""
v Specified test parameters:
v Testing Standard:
Value: "ASTM E 139"

Unit: ""
Symbol: ""
v Specified Temperature:
Value: "600"
Unit: "°C"
Symbol: "T"

» Initial stress:
» Test type (interrupted/not interrupted):

» End of experiment (time limit/test piece break/extension limit):

» Test force:
» Tested material:
» Testing and measuring equipment:
» Primary data:
» Secondary data:

28.06.2023

User 2 data

¥ Metadata:
v Test info:
» Bibliographic information:
v Specified test parameters:
» End of experiment (time limit/test piece break/extensior
v Initial stress:

Symbol: "RO"
Unit: "MPa"
Value: "800"
v Specified Temperature:
Symbol: "T"
Unit: "°C"
Value: "720"

» Test force:
» Test type (interrupted/not interrupted):
» Testing Standard:
v Test order:
» Operator:
v Project:
Symbol: ""
Unit: ""
Value: "SFB/TR103"
» Test ID:
» Test date:
v Tested material:
» Bibliographic information:
v Material and state:
» Ageing applied?:
» Angle orientation:
Blank: Geometry/Dimensions: "Plate"
Blank: date of supply: "20.10.2011"
» Blank: order number:
» Blank: supplier sample ID:
» Chemical composition, measured (including precision):
» Chemical compesition, nominal:
» Crack inspection details:
» Geometry/dimensions of blank:
» Grain Defects mapzos?:
» Heat treatment: Atmosphere:

Testing Standard

Specified Temperature

Initial stress

Test type (interrupted/not interrupted)

End of experiment (time limit/test piece break/extension limit)

Test force

Test date
Test ID
Project

Operator

15.08.2017
KK 970

int. Ringversuch 2017

Value
150 204
600

MISING

MISSING

MISSING - Time limit ?

4,53

Value Unit Symbol

Direct comparison of data (automated)

BAM RUB

Unit Symbol Value Unit Symbol
MISSING

°C T 720 °c T

MPa RO 800 MPa RO
MISSING

MISSING - Time limit ?

kN MISSING

BAM RUB

Value Unit Symbol
MISSING
MISSING
SFB/TR103

MISSING

Notebook 04 CompareDataSources
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Demonstrator sche

Jupyter to access? + read + analyze data
(multiple datasets possible)

- RUB uses/evaluates
the reference data

User Journey

- User’s experience told
by means of User Journey
considering researcher’s
CONStrains? ) _ 4 4oio stages,

set requirements t0 ¢mmm== researcher‘s goals and
actions, etc

BAM Creep reference data
(NIMONIC 75, CMSX-6) ‘

lis and .pdfs

merge the diff. || schema

Jupyter to Jupyter to fill
datasets

Merging of the vocabulary (diff. data

entries), Glossary User Journey:
https://app.conceptboard.com/board/x7zn-2yg0-eabn-piic-dbiu
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https://app.conceptboard.com/board/x7zn-2yq0-eabn-piic-dbiu

Summary

Data structuring _ Distribution of data

Laboratories produce * viascript or interface e (Create JSON * license
data * Check against Schema e DOI User accesses and

- template/schema ‘ ¢ Define metadata -° FAIR DOs » uses RDS to solve
User has a (research) * specific new . SOEUE IEECETES) research question

i agreements might be e Adopt Kernel * Ontology
question necessary (e.g. for Information Profile * (log/processed
other material class) e Create & resolve data)
FDO

Definition of/criteria
for reference data

Agreement on data schema, thesaurus, ranking, quality levels

Curation process, quality assurance

—
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