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What is the problem ?

B Transfer of experimental data from testing equipment to graphics / spreadsheet
software still requires a lot of handwork: loss of time

Excel, Origin, ... Lab 1

Database

Rheometers

Modelling Software

Electronic Lab Journal

|

B No common file format to exchange data between different laboratories

Lab 2
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IUPAC Approach

B Use impact of IUPAC Sub-Committee with many representatives from industry and
academia to introduce a commonly accepted data standard

B Project started in 2003:
“Recommendations for data presentation applicable to mechanical and rheological
measurements of polymers”

B Goal
® Store all relevant information belonging to 1 measurement on 1 sample

® No Database-Format to store different measurements on 1 or even more
samples (like the ThermoML approach) intended.
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Universal Data Exchange Format - Problem & Solution

B Different methods require different information about the setup and different data to
be stored (e.g. compare DMA data and capillary rheometry !)

B Thus, a fixed format (i.e. a column and row based interpretation of the file content)
of a "universal" file format imposes serious limitations with regard to a
generalization.

B Solution: separate data from formatting, instead use descriptive tags to define
logical elements within the data file !

concept of XML
e.g@scale:"°C">23<@

This information can be easily processed by a computer as well as by a human
reader.

Erik Wassner, BASF
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Reasons to use XML format

B XML (eXtensible Markup Language) is an easily adaptable, internationally accepted
text-based format.

B XML was developed by an Working Group formed under the auspices of the World
Wide Web Consortium (W3C) in 1996: real standard

B XML has some essential benefits: It is system-independent, software independent
and proven with HTML on the Web.

B The format can easily be extended by introducing new elements without making old
data files invalid !

B (Free) software to create, edit and process XML Files is available.

B XML format included in MS Office 2003, WordPerfect Office, OpenOfficeOrq, ...
(unfortunately not directly usable in older versions)
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Basics of XML

Dataset
AN / | - |
She}{\Rate IScosity Point Point Point
1\ / 4000 ‘
10 3000 | | ShearRate | | | ShearRate | | | ShearRate
1oy 2000 ! 10 100
/ \ | | Viscosity | | | Viscosity | | | Viscosity
4000 3000 2000

Tables
(column/row-based structure) Tree-like structure
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Example of XML file

<?xml version="1.0" encoding="UTF-8"?>
<?xml-stylesheet type="text/xsl' href="lTUPAC2html.xs|'?>

<|UPAC_Dataset xmlIns:xsi="http://www. ma-instance"
xsi:noNamespaceSchemalocation€!lupac-Schema.v4.xsd'Jlr'ype="Dynamic Mechanical Analysis">

<Source>
<SourceLaboratory>BASF AG Ludwigshafen, GKP/R</SourcelLabora
<SourceDate>2002-08-15</SourceDate>
<SourceOperator>Schweizer, Peter</SourceOperator>
<SourceComment>02-091</SourceComment>

</Source>

<Sample>
<SampleName>PS168N</SampleName>
<SampleMaterial>Polystyrene</SampleMaterial>

File containing the
data type definitions

</Sample>

Due to the use of "tags" the file content
<Data> is easily readable even without
<DMA> knowledge of exact definitions!

<Time>3</Time>
<Temperature>210.01</Temperature>
<AngularFrequency>100</AngularFrequency>

Erik Wassner, BASF 7
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Displaying XML files with the Web-Browser

-5 - DA QAEDI D S=EE

Erik Wassner, BASF
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Polystyrene - Ielt

History: Cotnpression Molding
Suppler. BASF

Cotnment: no

H

e

fonpan
..1E..
kb

Equipment

Eheometrics SR2

Measurement Atrmosphere: Mitrogen

Measurement Standard: DIN EN T30 6721-11
Dymamic Mechanical Analyzer

Deformation: Torsion

Sample-Geometry: D (mm) = 25, Gap (mm) = 1.02
Cotmment:

Data

Storage Loss

t(s) T(°C) o (rad's) Modulus Modulus
(Pa) (Pa)

3 210.01 100 102800 46606
6 210,01 56.234 85677 44139
10 210,01 31.623 69468 40553
14 210 177783 24724 37312
18 210 10 41288 32785
22 210 5.6234 20065 28052
28 210,01 3.1623 20666 22344
36 210,01 17783 13475 17813

4

Straim

00036177
0.010681
0.012532
0.015156
00185585
0.024332
0.032468
0.044763

automatic transformation to HTML by use
of XSL - eXtensible Stylesheet Language

You do not have to learn XML in order to
use it. XML techniques work in background

Stress Viscosity tan & AngDispl TorqueAinpl ForceAmpl Gap PreStrain Pre
(Fa)  (Pas) (8) (rad) (rad) (INm) ) (wum) (Pa
10855 11287

102594 17138

1010.6 25501 e
10039 37246
1001.4 52721
1000.5 73122
1000.2 97412
1000 12563
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XSD Schema definition

Schema Definition File - Data File
(XSD-File) (XML-File)

B Definition of elements:

® Position within tree-like
structure

® Data type
® optional/mandatory
® Number of occurence

B Contains

® data according to defined
tree-like structure

® reference to schema
definition file

B Can be validated against schema
definition, i.e. is file content OK ?

Output of our project

Erik Wassner, BASF 9
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News

XML format broadly accepted as new standard

B HAAKE RheoWin software offers XML export which is not compatible,
however

B Contact to Procter&Gamble (William Hartt, rheology and mixing central
group): they need rotational rheometry

B H.H. Winter started to implement XML into IRIS software. He wants to store
more information in file like relaxation time spectrum

B Poster Presentation at AERC 2007 together with H.H. Winter
B Oral Presentation at AERC 2007

B TA instruments (Aly Franck) promised to offer XML export as soon as
standard is defined

Erik Wassner, BASF 10
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Changes

B Rotational Rheometry added

B Data Evaluation section added

B More representative names for Tags (e.g. ,ConePlate” instead of ,,CP*)
B Use Society of Rheology Nomenclature* (as far as available)

*J.M. Dealy, Official nomenclature for material functions describing the response of a viscoelastic fluid to various shearing
and extensional deformations, J.Rheol. 39(1): 253-265 (1995)

Erik Wassner, BASF 11
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Tentative Structure of IUPAC-XML files - Overview

A dataset contains 5 sections with different information:

Source [H

Sample

Foot Element

| Data [+
----Eﬁ%ﬁ?é@@ﬁéﬁtﬁiﬁh

Erik Wassner, BASF

1. Everything about the source
of the dataset (where/when/who)

2. Everything about the sample
which was measured

IUPAC_Dataset E—@E Equipment EH'\ 3. Which equipment and test

setup was used

4. Section containing the
measurement data

5. optional: Properties/functions
calculated from experimental data

12
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Tentative Structure of IUPAC-XML files — Source

I

sourceLaboratory

e.. BASF GKRJR mandatory elements

ESD[IT[:E[Fﬂ'tE

rment

date &
— Source [,l]—(—'"—:EI— Forrnat: 2006-01-24

optional elements

Erik Wassner, BASF 13
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Tentative Structure of IUPAC-XML files — Sample

EEEIT“HE“EITIE

e, GK 0215007 (Lab
Joumal Mumber)

Poweder, liquid, granules, ...

— Sample EH—~FH

=sampleHistory important for interpretation of data

conditioning (ternperature,
hurnidity), preparation [e.q.
cormpression molding
190°C. fSrnir)

I=E=============== A

L - AT SampleSupplier |

)
=
)
=
i
=
L
=
-
)]
e
=
=

1 et bl
1
1

L- <~ Sample Comment

&.q. link to LIMS
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Tentative Structure of IUPAC-XML files — Equipment

EEl:|l_|i|1mE=r|’tHame:

incl, ManuFacturer

“MeasurementAtmosphere

gas atrosphere, hurmidity,
ternperature

e.q, DIM EM ISC B721-1

DMA

Dovnarnic Mechanical
Analyser

High Pressure
Capillary Miscasimeter

RVM

Ratational
Viscosineter

new

Erik Wassner, BASF 15
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Tentative Structure of IUPAC-XML files — DMA Equipment

— " DeformationType
torsion, elongation,
Compreassion
Rectangular [
ParallelPlate [4]
ConePlate 4]
Cryramic Couette [4]
Mechanical '
Bralyser
DoubleWallCouette
—Fﬂunstandardt}enmetw
enter as String
=DMAComment !

surface material, roughness

Erik Wassner, BASF

J

Sample
geometry
information

!

add further types
(e.g. 3-point
bending)

16
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Tentative Structure of IUPAC-XML files — DMA Equipment

—|ET|'|it:kl'|E55 =RadiusBol

sample thickness radius of bah
(Rectangular $ .' = ||= Width == _|Ep_m|i._|3c._||;.
Rectangular Sample zample width Couette Geornetry radius of cup
LSEarmEt Ry
—|= Length —|EHeiglltBuh
sample length height of bob
—|ERatIius1
radius 1
(ParallelPlate lates
Parallel Plate Geornetry |_I:ll'd‘-““"'52
radius 2
Gap between plates
(nuuhlewam:uuette [{]—(—--—E——annm
Double Wall Couette radius 2
Gearmetny

EF-':atlil.ls4

Al
I
=
=
L1
=3
-
=
o
w
in

ConePlate [

radiuz 4
Cone-Plate Geometry

ECDI]EAI]QlE

HeightBob
height of bob

F

Cone Angle

Erik Wassner, BASF 17
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Drie entrance angle

m_H; 1. J= : |ELE|'|gth|

1.0 Zlit lerugth

(Multiple) slit gearneatny

clit height
Sy
. Slit width

CVM CE'_. Capillary

High Pressure ! . 1 =
Capillary Wiscosimeter ' (Multiple) capillary geornetry

ELlE:ngth

Capillary length

Capillary radius

_________________

2., die matetal
Erik Wassner, BASF 18
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Tentative Structure of IUPAC-XML files — RVM Equipment

ParallelPlate [

L

ConePlate

LT

13+ = Couette [

DoubleWallCouette [

— RVM . _
—|‘Mun5tandardﬂenmetw
Rotational .
\iscosimeter enter as S5tring

____________________

surface material, roughness

Erik Wassner, BASF 19
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Tentative Structure of IUPAC-XML files — Data

DA E

1.0

Drata frorm Croynanmic
Mechanical Analysis

— pata - RVM F

e

1.0

Crata frorn Rotational
Viscosinetny

CVM
—]

e

1.0

Drata frorm Capillary
Viscosinetny

Erik Wassner, BASF 20
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Tentative Structure of IUPAC-XML files — DMA Data

Time

—|ETem|Jerature

—FAngularFrequenc}r |

—FS’turagel‘u‘lutlulus |

—|= LossModulus |

= StressAmpl

______________

| ----------------------

1.0 r-- ComplexCompliance |

Drata frarn Drynarnic
Mechanical &nalysis

v

Erik Wassner, BASF

_____________________

-------------------

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

________________

_______________

_____________

---------

-----------

____________________

_______________
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Tentative Structure of IUPAC-XML files — RVM Data

Time

esp. for stress relaxation experiments

ShearRate

---------

-+ Targue
R B )5}~ { NormaiForos
_.—' : | SaEsEsssssssEmEREE 1
'1 o0 : [ B ' == = 'I
i Compliance |

-----------------------------

.- 1 Recoil Function |

Erik Wassner, BASF 22
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Tentative Structure of IUPAC-XML files — CVM Data

—]
1.0

Crata frarn Capillany
\lizcosirmetny

Erik Wassner, BASF

Time

“a Apﬁhearﬂate i

_________________

Apparent values are
.............. not mandatory, because
alternatively file

can contain

______________

corrected values

-----------

_____________________

___________________

Frarm Mnnney-methnd

23
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Tentative Structure of IUPAC-XML files — Evaluation

ModeHumber

RelaxationTime |

RelaxationModulus |

ZeroShearViscosity |

b
L-4 CrossFunction

CiticalShearRate |

---------

Reference Temperature
Erik Wassner, BASF 24
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Unit System

B Use Sl units ?
B Alternatives:

® Fixed units for all measurement entities, e.g. stress only in Pa, not MPa
advantage: very easy to implement, avoids confusion
disadvantage: units only specified in reference document

® Units can be defined for each measurement entity (column)
advantage: higher flexibility
disadvantage: more difficult to implement in XML

® Units can be definied for each datapoint
advantage: easy to implement, units are attributes of elements
disadvantage: more disk space, confusion likely

Erik Wassner, BASF 25
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To-Do's

B Define final file structure: XSD Schema

B Define unit system

B Write and publish document with specification (work already started)

B Continuation of standardization activities:
® Further methods beyond rheology
® Make XML format an ISO standard ? contacts necessary, long term
® H.H. Winter proposed to continue work within ACCESS* project

*Amherst Cyberinfrastructure Consortium for Engineering and Science Synergy (ACCESS)

Erik Wassner, BASF 26






