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TASK/MOTIVATION




Task #
: DLR!

* Virtual product development ——
= Multiple simulation steps Do — dedioned
= Methods e.g.:
= Numerical
= FEM Virtual - As .
= Peridynamics Manufacturing built
= Semi-analytical
= Ritz Virtual As _
- Testing 1‘~,' tested
= Analytical
= Central for each method: arc S
8 Common Source
Model

.1 Software Engineering)




Task #
Example: Digital design process aircraft moveable DLR

= Each tile

» Assessment capabability — Process

IPO
= Requires input, delivers output - 1 & O

» Basically same information, vendor-specific formats

Interfaces

A
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— Individual data standards Common data standard


http://www.dlr.de/vph

Task #
Steps | DLR

Postprocessing State transfer
— Output — Next input

I /

Parametric model Spatial & temporal
generation measurements
— Input

» Tool/solver-agnostic
» Standardized
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Approach
Hypothesis DLR

= Subdivision of information that makes up a model possible — based on level
of assumptions & theories — object oriented approach
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Approach
Base entity

= Description:
= Entity

= Model

= Value

= Example
= ElasticityEvolution

= Subtypes not
complete

= Schema also
applicable to
nonlinear or non-
cauchy value types

Stress
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— ConstantModel
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Behaviours

—e—Temperature 2

Temperature 1

i DLR

Temperature 3

Strain

— ConditionDependentModel

Idealizations


http://dx.doi.org/10.13140/RG.2.2.31723.59682

Approach
Base entity DLR

* Property-Model-Value example

Property § Model Value
ElasticityEvolution ConstantElasticityEvolutionModel IsotropicLinearElasticity
+ model: Abstract|...]Model . Abstract]...]Model [<t + value: Abstract[...]Value Abstract]...]Value < + e: double
| + nu: double

+ setModel(Abstract]...]Model): void
+ getModel(): Abstract]...]Model

+ setValue(Abstract[...]Value): void

+ getValue(): Abstract|...]Value + setE(double): void

+ getE(): double
+ setNu(double): void
+ getNu(): double

ConditionDependent
ElasticityEvolutionModel

|| + values: Map<[...]Condition,Abstract|...]Value> -

+ setValues(Map<[...]Condition,Abstract][...]Value>): void
+ getValues(): Map<[...]Condition,Abstract[...]Value>

— f(T,p,g,)




Approach A#y
Compound entity DLR

= Collect base entities

* Do not have models, just values, because models are contained in attributes

= Example: Material

= Current value implementations:
= CohesiveMaterial
= ContinuumMaterial
= DatabaseMaterial




Approach A#y
Hierarchy development DLR

= Search of model components L.
= Goal: expandable, modular - General — Fm——— N
| _ i
= Example: ContinuumMaterial { . { ET—
— Phases
\C :
Evolution —
Phases{ <EIasticit;L » Plasticity ><Damage>_<_liailure
Evolution — Dampings —
Continuum Thermal — ...
: Mechanical —— Properties —— Expansions{
Material

Hygral —...

/

/.)
,
,
,
,
,
,
,

Initiation

— Thermal —

+ Properties



Projects -jMeS X Files

Services —

» BB de.dlr.jmes.mech.0bjects.dto.attr.constituents.impl.materiaI.anr.value.impI.continuum.anr.mechanical.attr.phase.impl.damage.attr.initiation.attr.modeI.attr.limit.util.util.namerl F o

» BB de.dirjmes.mech.objects.dto.attr.constituents.impl.material.attrvalue.impl.continuum.attr mechanical attr phase.ir
> . de.dlrjmes mech.objects.dto attr constituents.impl. material attr value.impl.continuum.attr mechanical attr. phase.im
> . de.dlr jmes mech. objects.dto attr. constituents.impl.material. attr value.impl.continuum.atir mechanical attr. phase.imr
> . de.dlr jmes mech.objects.dto attr. constituents.impl.material.attr value.impl.continuum.atir mechanical attr. phase.im
> . de.dir jmes.mech.objects.dto attr.constituents.impl.material.attr value.impl.continuum.attr mechanical attr.phase.im
> . de.dir jmes mech.objects.dto attr. constituents.impl.material.attr value.impl.continuum.attr mechanical attr. phase.im
> . de.dirjmes.mech.objects.dto attr.constituents.impl.material.attr value.impl.continuum.attr mechanical.attr. phase.im
» BB de.dirjmes.mech.objects.dto.attr.constituents.impl.material.attrvalue.impl.continuum.attr mechanical attr phase.ir
| 3 . de.dlr jmes mech.objects.dto attr constituents.impl.material attr value. impl.continuum.atir mechanical attr phase.imr
> . de.dlr jmes mech. objects.dto attr. constituents.impl.material. attr value.impl.continuum.atir mechanical attr. phase.imr
> . de.dlr jmes.mech.objects.dto attr. constituents.impl.material. attr value.impl.continuum.atir mechanical attr. phase.im
> . de.dir jmes.mech.objects.dto attr.constituents.impl.material.attr value.impl.continuum.attr mechanical attr.phase.im
> . de.dlrjmes.mech.objects.dto.attr.constituents.impl.material.attr value.impl.continuum.attr. mechanical.attr.phase.im
> . de.dirjmes.mech.objects.dto attr.constituents.impl.material.attr value.impl.continuum.attr mechanical.attr. phase.im
> . de.dlrjmes mech.objects.dto attr constituents.impl. material attr value.impl.continuum.attr mechanical attr. phase.im
| 3 . de.dlr jmes mech.objects.dto attr constituents.impl.material attr value. impl.continuum.atir mechanical attr phase.imr
> . de.dlr jmes mech.objects.dto attr. constituents.impl.material.attr value.impl.continuum.atir mechanical attr. phase.im
> . de.dlr jmes.mech.objects.dto attr. constituents.impl.material. attr value.impl.continuum.atir mechanical attr. phase.im
> . de.dir jmes mech.objects.dto attr. constituents.impl.material.attr value.impl.continuum.attr mechanical attr. phase.im
> . de.dlrjmes.mech.objects.dto.attr.constituents.impl.material.attr value.impl.continuum.attr. mechanical.attr.phase.im
» BB de.dirjmes.mech.objects.dto.attr.constituents.impl.material.attrvalue.impl.continuum.attr mechanical attr phase.ir
> . de.dlrjmes mech.objects.dto attr constituents.impl. material attr value.impl.continuum.attr mechanical attr. phase.im
v . de.dlr jmes mech. objects.dto attr. constituents.impl.material. attr value.impl.continuum.atir mechanical attr. phase.imr

B ElasticityEvolution java

B ElasticityEvolutionCreator java

B ElasticityEvolutionFactory java

B package-info java
» BB de.dirjmes.mech.objects.dto.attr.constituents.impl.material.attrvalue.impl.continuum.attr mechanical attr phase.ir
| 3 . de.dlr jmes mech.objects.dto attr constituents.impl.material attr value. impl.continuum.atir mechanical attr phase.imr
> . de.dlr jmes mech. objects.dto attr. constituents.impl.material. attr value.impl.continuum.atir mechanical attr. phase.imr
> . de.dlr jmes.mech.objects.dto attr. constituents.impl.material. attr value.impl.continuum.atir mechanical attr. phase.im
> . de.dir jmes.mech.objects.dto attr.constituents.impl.material.attr value.impl.continuum.attr mechanical attr.phase.im
> . de.dlrjmes.mech.objects.dto.attr.constituents.impl.material.attr value.impl.continuum.attr. mechanical.attr.phase.im
> . de.dirjmes.mech.objects.dto attr.constituents.impl.material.attr value.impl.continuum.attr mechanical.attr. phase.im
> . de.dlrjmes mech.objects.dto attr constituents.impl. material attr value.impl.continuum.attr mechanical attr. phase.im
| 3 . de.dlr jmes mech.objects.dto attr constituents.impl.material attr value. impl.continuum.atir mechanical attr phase.imr
> . de.dlr jmes mech.objects.dto attr. constituents.impl.material.attr value.impl.continuum.atir mechanical attr. phase.im
> . de.dlr jmes.mech.objects.dto attr. constituents.impl.material. attr value.impl.continuum.atir mechanical attr. phase.im
> . de.dir jmes mech.objects.dto attr. constituents.impl.material.attr value.impl.continuum.attr mechanical attr. phase.im
> . de.dlrjmes.mech.objects.dto.attr.constituents.impl.material.attr value.impl.continuum.attr. mechanical.attr.phase.im
» BB de.dirjmes.mech.objects.dto.attr.constituents.impl.material.attrvalue.impl.continuum.attr mechanical attr phase.ir
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javz [ WMetainfoTestjava X [ R2Propertyjava X [ AbstractiechObjectjava X [ AbstractHyperElasticityEvolutionValue java % [ ElasticityEvolutionjava X 1« wO
f ‘ D- - - e B /i

32 fEqual sAndHashCode {callSuper=tcruc) =]

35 EXmlRootElement -

36 @XmlSeellso ({
3 ConditionDependentElasticityEvolutionModel.class
38 rConstantElasticityEvolutionModel.class

DLR -

42 @JsonSubTypes ({
43 @JzonSubTypes. Type (value = ConditionDependentElasticityEvolutionModel.
44 . BJsonSubTypes . Type (value = ConstantElasticityEvolutionModel.class) =

ic class ElasticityEvolution<
M extends AbstractElasticityEvolutionModel

ends

5 AbstractMechanicalPhaseEvolution<
& ElasticityEvolution<M>
- M

i -

public ElasticityEvolution (
71 M model

fto) =

KN

IMPLEMENTATION

& FElacticih yEuolution [
# ElasticityEvolution{M model)
{p builder() : ElasticityEvolutionBuilder<M=

12 L) canEqual(Object other) : boolean t AbstractMechanicalPhaseEvolution=T, M=
® clear()
@ clearMetalnfof)

:d_ma\V_VC\jMeS\code\mech

BUILD SUCCESS

Total time: 05:34 min
Finished at: 2022-09-15T18:23:184+02:00



Implementation
Data types

Numerical

implementation
data

Connecting
data

Math, physics
& mech.
idealization
data

* Nodes
 Elements

* Results

e Sections
* Loads & BC

* Materials
« Composites

* Crosssections

Heavy data

VI\/LAP

References

Light data

jMeS

=

20 €AH

Fecent Files | E\TemplyMAP20211211_hBA02wi_plate_10mm_10dt_26hz_quadd hb

= (5/02w_plate_10mm_10dt_26hz_A| | ObyectAtrbute e Ganart Gtct o
~ @ VMaP

~ @ GEOMETRY Attribute Creation Drder. | Creghion Order NOT Tracked

@ ELEMENTS Number of affributes = 12

il MYELEMENTS Narme

~ @ GEOMETRYSETS MYCOORDINATESYSTEM
000000 MYDIMENSION
2 000001 MYENTITY
€4000002 MYIDENTIFIER
' 000003 MYINCREWENTVALUE
gggﬂg‘; MYLOCATION

MYMULTILICITY

Zgggg?‘; MYTIMEVALUE

€ 000008 MYUNIT

£ 000003 MYVARIABLEDEPENDENCY
@ POINTS MTVARIABLEDESCRIPTION

Type

a2t inteqer

az-bit inteqer

a2-nit integer

32-0it integer

it integer

S0-tit Integar

a2+t inteqer

Ba-bit floztrr-poirt

a2-bit integer

String.length = 11. padding = HET.
Stning. length = 11. padding = HET.

730 Aftbute| [Dekte
Amay Size ValuelBol )
Sealar -1

Scllar 6

Sealar 1

Scalar -1

Scalar -1

Sealar 2

Sealar 1

Sealar 0001

Sealar 1

Scalar

Scalar NOT_DEFINED

©| Cear Tt

YVARIAB-ExaLas it wa i view eu micsaiecuse
Qi MATERIAL i H‘AE@Wvﬂllﬂf.‘.'u.\v'vn!ll.\mﬂv.\n FUDISPUACEVENT/ (2T plete Wmen 100t 2500, — O X
QI STSTEM Table Import/Expad Duta _Data Display
~ @l VARIABLES -
~ @ STATE- [l
Ll O-pased
- @ DISPLACEMENT
W MYGEOMETRYIL
B MYVALUES (I 2 | s 4+ | s 3
@ STRAIN-CAUCHT 620625 -2.16256... 265022.. 287143 00
& STRESS-CAUCHT 5.70080.. -1 86627._ 508707 462748 0.0
) STATE-10 ~486071. -1 38085 643361, 722189 00
& STATE2 00 00 243002, 481561 00
QETATES 524994 -1 96184 304052 163648 00
puinti 553661, 1 49706...5 20955, 521985, 0.0
- 480473 -7 7842 7 I
Setares 4804TS, (770420 R 19811 5. 00
23 STATE-T u -4 B3801 . 2 2694 9 64462, 0o
< B < BN :.72007... 631181, -1 86408... 540752, 00 | =i
HOPYiew t001 - DAProgrammelHDF_GrouptHDFVievid 696208 -1 26080.. 675872 0o
User property file - C{Usersiraed_mal hattvews 1 3 0720.. 613396 . 816242, 00
MYVALUES at AMMAPMARIABLESISTATE-11/DISP| 530627, 348363 @ 0o . B
© o o vewe o x
e
e
gomes
2o P
0 Clect Oteet Faat
e —
e - v
Sp—
gt P—
gctme e
g e
Srog «sentb 547 Tee vave




Implementation A#y
Goals DLR

» Solver-agnostic CSM model & result data format
« FEM:

= Differentiation between + Exodus
= Numerical discretization-dependent information — ,Heavy“ data : é”iféAB
= Model information — ,Light* data 0 s
« XDMF
u Heavy data: - Particles:
. « HSPart
= Usage existing format . CFD:
» Preferrably based on well-known format, supported by libraries * CGNS
» Visualization Alternatives
» Light data:
" Programming language independent Serialization format — JSON, XML, YAML, ...
= Machine readable —» REST ready

= Human readable
= Single-source of truth




Implementation
Hierarchy #DLR
= Simplified <

—

| \ |

| Distributions |

| |

Loads & e T L L L T ™ - =
Boundary
: Conditions

B\ —vmap
- <=1VMAP, type-dependent
Output




Implementation
Approach

» Hierarchical, object-oriented data
structure

* Implementation in Java-based
backend jMeS (Java Mechanics Suite)

» Usage of JAXE annotations across
hierarchy to denote

= Abstraction
= Attribute types

= Annotations understood by de-
/serialization libraries
= E.g. Jackson, MOXyj, ...
= Allows creation of schema, e.g. XML
= Creation of XML, JSON, YAML, ...

b i i
[ R

; t t
L R

Gl = s 3

[
V= om o mo=
o H OH

Abstract superclass

Implementation

Attributes



https://en.wikipedia.org/wiki/Jakarta_XML_Binding

Expand level |10 v

+ model

Etype
name

~ assemblyData
Btype
name
~ part
- [
@type
name
+~ geometry
@type
+ riData
Btype
-  item
-~ [0
Btype
name
~ topology
Btype
coordinatel
coordinate2
coordinate3
preferences
- [1
Btype
name
~ topology
Btype
coordinate1
coordinate2
coordinate3
preferences
- [
@type

name

-

Find

Clear

[ Object
I+ Object

String = ModelTreeBuilder ...
String = e15288f8-bal2-4c ...

{} Object

String = TreeBuilderAssem ...
String = 17d2bef7-64a6-4f ...

0, size 1
{} Object
String = TreeBuilderPart

String = d6250751-34db-4f ...

{ Object

5tring = GeoMemoryTreeBui ...

I+ Object

String = ROGeometriesTree ...

[, size 8
I+ Object
String = PointR.3

String = f2d28093-22a2-49 ...

{+ Object
String = PointR 3Topology
Float =0
Float =0
Float =0

String = 5eb070f7-b2d3-4f ...

{} Object
5tring = PointR.3

String = fda44dc3-b546-46 ...

{} Object
String = PointR 3Topology
Float = 1
Float =0
Float =0

String = 5eb070f7-b2da-4f ...

{+ Object
String = PointR.3

String = 3eb63f3f-0601-4d ...

JSON file
testSerialize 250N json

File size 83.737 kB
Parse time | 0:00.121 min
Display time | 0:00.286 min

Mode count | 1510

Properties of selected node

Object 331
Array | 130
Int 153

i
String

Bool

51

751

37

Misc

ArrayLength 0
Type Object
Value

Array data:

Btype

coordinate1
coordinate2
coordinate3

String = PointR 3Topology
Float =0
Float = 1
Float =0

e




KF HDFView 213 - O %

File Window Tools Help
Examples so emlm
Recent Files @ MYELEMENTS at /VMAP/GEOMETRY/1/ELEMENTS/ [discretization.wvmap.h3 in E\TempyMeSi... — O et [I
Table Import/Export Data r
« B discretization vmap h IM h DLR
~ @ VMAP
~ @ GEOMETRY 0-based
v @l
~ @ ELEMENTS 5
* Implementation
p ~ @ GEOMETRYSET mvldentifier| myElementType| myCoordinateSystem| myMaterialType| mySectionType| n
Qr 1 1 1 -1 -1 3]

2
g 3 N2 1 1 -1 -1 6

< &l POINTS n2ls 2 1 - 1 [l

@) Huge JSON Viewer — O X
4 File
J model.jmes.json X |
JSOM file
Expand level v
model.jmes. json
File size 0.435 kB
Enter text to search - Find Clear
Parse time 0:00.089 min
= £ Object
i Display time  |0:00., 235 min
» model ¥ Object
Etype String = IMeSConvert... | Mode count |13
i ui il il il
. . :- discretization & Object Object |5 Float |0
Link to heavy data file e String = VMAP v o -
b \____path_____Sting = \dscretizatio... ! ?
/v ‘modelData  {} Object Int 0 Bool D
1
. 1+ mechData ¥ Object
I—Ig ht data Ik physData { Object
1
'\r mathData 1} Object Properties of selected node
1 Misc A
* Demonstration e o
ype alue
Value NAdiscretization.vmap.hs




©) Huge JSON Viewer - m} X

File

testSerialize21SON2.json X

JSON file
Expand level -
testSerialize2150M2. json

File size 57.532kB
- Find Clear
Parse time | 0:00.097 min
- { Object X 8 D L R
B Display time |0:00.2239 min
~ model [ Object
] | @type i String = ModelTreeBuilder ... Mode count | 1073
name String = 4385b4fa-09b1-4b ... Object 257 Float |49
~ assemblyData [ Object
@type Siring = TreeBuilderAssem ... Amay |31 Sting 626
name String = c7882879-9722-49 ... Int 9 Bool 31
. ~ part [, size 1
* Implementation o
@type String = TreeBuilderPart Properties of selected node
name String = b02093cc-fsbb-4a ... Misc ~
{T-geo------------------{Tdﬁje-ct---------\ Arraylength 0
! Btrpe String = GeoMemoryTreeSu. : \-::Efa :ﬁ:nreeﬂuiﬂerhemo
| roData 1 Object i v
I . riData I Object 1
: @type String = R1GeometriesTree ... :
1 - item 0, size 12 |
1 v 0] {+ Object 1
1 v 0 Object 1 Array data:
: v T Object :
1 v [3] {+ Object |
1 v [4 { Object 1
Geometry B .
. el 0 Object :
1 v A {+ Object 1
1 v [a] It Object 1
: v @ 0 Object :
1 v [10] & Object .
! v } Object \
! v | preferencesData {} Object 1
: »  bizsData {} Object :
1 {} Object |
‘_ _ _ {:object, e
II - = T Fobject TTTT T
1 String = CSMMemoryTreeBui ... :
1 { Object 1
! @type String = FEDataMemoryTree ... 1
! + lightData I Object 1
! 1
1 @type String = FELightDataMemor ... |
C S M 1 + | sectionData {} Object 1
: @type 5String = FESectionsTreeBu ... L}
. \ r0Data 1 Object :
1 » | riData { Object 1
| » r2Data { Object 1
: + | r3Data T Object :
o _romcmenbets DOt ________,
discretizationPreferences String = bbifféde-7cad-4d ...
discretizationWriterPreferences String = ab936f45-9732-42 ...
discretizationPreferences String = bb ifféde-7cag-4d ...
discretizationWriterPreferences String = ab936f45-9732-42 ...
v  subcaseData { Object
»  discretizationPreferencesData {} Object

v discretizationWriterPreferencesData {} Object




@ Huge JSON Viewer - m} x
File
testSerialize21S0ON2 json X
JS0M file
Expand level -
testSerialize2150M2. json
File size 57.532 kB
nt A Find Clear
Parse time  |0:00.057 min
. 1} Object “ N . Z D L R
el D Object Display time |0:00.229 min
~  mode jec
3 | @type ! String = ModelTresBuilder ... Node count 1073
name String = 4385b4fe-09b1-4b ... Object 267 Float |49
v assemblyData { Object
~ subcaseData 1 Object Aray |31 String  |626
@type String = SubcasesTreeBuil ... Int 9 Boal 31
. + item [, size 3
» [mplementation C Gons )
1 name String = subcase 1 | Properties of selected node
S b 1 IbcState String = Ibestate 1 Misc =
N L
u Cases h solution String = ff33cfes-foae-42... | Arraylength U
h v [ Object 1 Type Value
\ v 1 Object 1 Value ModelTreeBuilderMemory
"““"‘“““““““““““‘I
(~ bcStateData {} Object A
1 @type String = FELBCStatesTreeE ... :
: boitem 0, size 1 1
| - bodata { Object 1
1 @type String = FEBCSetCombinati .. | Array data:
1 b item 0, size 1 :
: ~ setData { Object 1
- 1 @type String = FEBCSetsTreeBuil ... |
Load & boundary condition (LBC) state ——— = :
I v nodalDisplacements [, size 1 1
: »  nodalvelodties [, size 1 1
1 b+ nodalAccelerations [, size 1 1
1 b+ displacement [, size 1 :
b velod , Size
: locity 0, size 1 |
1 v acceleration [, size 1 1
1 v loadData 1 Object I
st Qe )
R e e o e
1 @type String = SelutionsTreebu ... :
: b item [, size 3 1
1 + | analysisData 1+ Object 1
1 @type String = AnalysesTreeBuil ... I
1 b item [, size 3 :
1
| » | model [, size 3 1
1 - valueData 1} Object 1
1 @type String = AnalysisValuesTr ... :
: boitem 0, size 3 f
1 + preference [, size 3 1
S O I utl O n — 1 v massScalingData {0 Object 1
1 +  stabilizationData £ Object :
: v timelntegrationData { Object 1
1 + outputData 1 Object 1
1 @type String = OutputsTreeBuid ... |
1 v item [, size 1 :
1
| »  model [, size 3 1
1 ~ walueData 1+ Object 1
1 @type String = OutputValuesTree ... :
: b item [, size 3 1
1 b+ | timingManagerData { Object 1
1 +  outputltemData £+ Object 1 S




Examples
Machine readable formats DLR

@ Huge JSON Viewer - O X %] XML Notepad - E\Temphj, 2LogoXML\model jmes xml - O X
File File Edit View Inset Window Help
model jmes jsan X NEd ¥ X | ® O oE | BT testR2LogoXMLimodel jmes.xml ~|
ISON fie
Expand level v Tree View  XSL Output
model.jmes.json =5 ~
File size 60,956 k8 & _tvpe JMeSConverterModel
~ | Fnd Clear =--E3 discrevizatien
Parse tme  |0:00.109 min # @ type VMEP
- J Object . #---# path ..\discretization.vmar
Display time |0:00.268 min 5
- model £ Object Pey =) modelData 7
S Eiype String = IMeSConverterMod Node count |1117 & _type ModelTreeBuilderMemory
& name 7fef9891-dé4e-4611-96el-b7TL2e3d6a3t
- discretzation {0 Object Object 293 Foat |102 =3 assemplyData
type String = VMAP P = . o TreeBuilderAssenbly
path String = .. \discretizatio ray 3 naele 61bicfed-eff0-4fba-bffd-136d0d56elel
~ modeData £ Object n 2 Bool |10 B
atye String = ModelTreeBuider .. G onBreferences alle79a0-61cf-4c72-E6e4-02c72d824980
---# discretizationWriterPreferences dec7 2-d437-47bd-bf06-cc6753969208
name String = eelb47dc-af7c-4a ..
_ =--E3 subcaseData
~  assemblyData {3 Object Properties of selected node & _tvee SubcasesTreeBuilderMemory
@type String = TreeBuilderAssem .. Misc -~ -+ ) items
name String = 42846ch1-31ae4e ... ArrayLength 0 @) lbcStateData
b part 0, siz= 1 Type value +
dscretizationPreferences Siring = e=b0df37-242-45 value IMesConvertertiodel -
# --[3) discretizationWriterPreferencesData
discretizationiriterPreferences String = e8010837-0097-4F 5.3 mechData
~  subcaseData { Object & _type MechObjectMemoryTreeBuilderMemory
Btype String = SubcasesTreeBul ... =--£3 constitue
v |item 0, siz= 1 L CenstituentsTreeBuilderMemory
+ IbcStateData £ Object Array data: oo marer
lutionData Object it
+ | solutionDaf { Objec #--[J) crosssectionData
»  disoretizatiorPreferencesData £ Object %.--C3 offsetData
+ | discretization\WriterPreferencesData {3 Object & type OffsetsTreeBuilderMemory
- mechData £ Object -3 ribata
@type String = MechObjectMemory ... =3 propercyData
& type PropertiesTreeBuilderMemory
~  constituentData ) Object _—
-3 riData
Etype String = ConstituentsTree .., f--0) r2Data
+ | materiaData 1 Object =--E3 physData
+ | springData £ Object & type PhysCbjectTreeBuilderMemory
+ | crosssectionData 1} Object =3 ba:ﬂa"‘a N .
< [ofseata £ bt ¢ _type PhysBaseCbjsctTresBuilderMemory
@) densityData
etype String = OffsetsTreeBuid ... [
+ riData { Object .
~ propertyData £ Object
Btype String = PropertiesTreesu .
» riData £ Object
+ r2Data ) Object. -
~  physData £ Object
etype String = PhysObjectTresBu ...
~  baseData £ Object
Etype String = PhysBas=ObiectTr ... .
b densityData 0 Object S e I e Ctl O n Of
\] S O N X M L . I . t. I
v g
Error List  Dynamic Help
Description File Line Column




Examples
Machine readable formats

= Automatic XSD schema generation
during code compilation

= Automatic translation to code:
" C++: codesynthesis

generateDS

Jackson

= Python:
= Java:

%2 ¥SD Diagram - F\users\raed_ma\V_VC\jMeS\code\mech.objects.dto\target\generated-sources\schemas\schemal.xsd

File  Window
& &

schemal

Help

~ @ X B 100% ~ || Center

- O X
P2
Name Type N ™
| hygralExpansionVal... element
initiationData element
intiationModelData  element
input Data element
isotropic Density element
isotropicHardeningP ... element v
< >
Attributes  Element
abstract False
annotation
block
default
final
fined
form qualified
fomSpecified False
id
ttem
ttems
ttems Hement Nam
maxOceurs 1
minOccurs 0
name mechData
nillable False
ref
substitutionGroup
type mechObject Memory
Name

AinputData/mechData

Ready




Examples
Meta information

» E.g. reference to ID’s from number-
based formats (e.g. Nastran, LS-
Dyna) for internal String UUID
approach

= Currently:
= Description
» Reference
= Source

* Modularly expandable
» Applicable to most DTO's

@) Huge JSON Viewer
File

testSerialize 2150M3.json X

Expand level L

» RZ2Property
Etype
name
- metalnfo
@type
+ description
Etype
- value
Etype
value
- walue
@type
- reference
Etype
+ value
Btype
2 value

value

- Find Clear

T+ Object
T+ Object
String = R2Property

i DLR

String = 183287231-9c5e-40 ...

T+ Object

String = Metalnfo

T Object

5tring = Description

T+ Object

String = SimpleDescriptio ...

String = This was MASTRAMN ...

T Object

String = SimpleMetalnfo
T Object

String = Reference

T+ Object

String = IntegerReference

{Integer = 232

String = eb755f59-15ch-44 ...



Examples
olver-dependent information

= Will never achieve complete solver-
Independence

= Solver-independent information addable
» Example: ElementTypeManagers

Fully expandable w.r.t.
= Solution method preferences

o Huge JSOM Viewer
File
testSerialize2]S0N.json X

Expand level -

» : @type

name
~  abagusStandardElementTypeManager
@type
name
v | r2
@type
name
- r2
@type
name
tria3Type
tria6Type
quad4Type
quad&Type

type
name
-
@type
name

massType

@type

name
beamType
beam3Type
rodZType
connector IType

@type
name
tria3Type
tria6Type
quad4Type
quad&Type

@type
name
solidShellsType
solidshellaType
tet4Type
tet10Type
pyrasType
pyral3Type
wedge&Type
wedge 15Type
hex&Type
hex20Type
cohesiveWWedgetType
cohesiveHex8Type
»  abagusExplicitElementTypeManager
b+ | ansysElementTypeManager
v dynaElementTypeManager

A Find Clear

 5iring = DiscretizationWir ...

String = ab336f45-9732-42 ...
1} Object
String = AbagusStandardEl ...
String = f27e00fa-fedd-49 ...
1} Object

String = AbagqusStandardR2 ...

String = 9af058e5-3d2b-43 ...
1} Object

String = AbaqusStandardr2 ...

String = cb18a449-7e8342 ...
5tring = CP53

String = CPS6M

String = CP54

String = CPS8R

1} Object

5tring = AbagusStandardr3 ...

String = 2626b52c-bdeS-4c ...
1} Object

String = AbagusStandardR3 ...

String = 71c8cfec-4abd-4e ...
String = MASS
1} Object

String = AbaqusStandardR3 ...

String = 73663aed-8bob-4f ...
String =B31

String =B32

String =T302

String = CONM3D2

1} Object

String = AbagqusStandardR3 ...

String = 68eb3292-338c49 ...
5tring =53

String = STRI&S

String = S94R.

String = 58R

1+ Object

String = AbagqusStandardR3 ...

String = 704c3d58-d595-45 ...
String = SCaR
5tring = SCSR
String = C3D4
String = C3D10
String = C3D5
String = UNDEFIMED
String = C3D6
String = C3D15
String = C3D8R
5tring = C3D20R
String = COH3D&
String = COH3D3

1} Object

1} Object

1} Object

JS0M file
testSerialize2150N. json
File size 6.715kB
Parse tme  |0:00.095 min
Display time | 0:00.255 min
Node count | 161

Object

Array

Int

Properties of selected node
Misc
Arraylength
Type
Value

Array data:

25

(1]
Value

DiscretizationWriterPref...

Float
String

Bool

a

135

a




o digplacements Magnitud: * Surface

Pipeline Browser
T
[ buitin:
1
# [ result.xm

C WarpByVectorl

Properties Information

Properties

% Delete

== Properties (WarpByVectorl)
Vectors = displacements

Scale Factor m— 2
== Display (UnstructuredGridRepr
Representation Surface

Coloring

= displacements ~ || Magnitude -
BaEdit i || 0|
Scalar Colori — 1.2e+00
V' | Map Scalars
| =
— o]
§e}
2
E YSTEM s
| 2
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c
]
5
L | 04 O
o
Gouraud %
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Eco-system A#y
1O plugins DLR

= Conversion from & to solver-specific » Usage from python with Py4J
formats using io-plugins Interface

» Software engineering:
= Testing
» Documentation
= CI/CD

C’OIB jmes.mech.numerx.func.io

.
19»

jmes.mech.numerx.func.io.in.core

Jjmes.mech.numerx.func.ic.in.impl.abaqus

>

O]  jmes.mech.numerx.func.io.in.impl.ansys
=
.
QO  jmes.mech.numerx.funcio.inimpl.b2000
¥ "'
0l Jjmes.mech.numerx.func.io.in.impl.exodus
5

.
10! jmes.mech.numerx.func.io.inimpl.gmsh
s

Peridigm

s
ﬁ jmes.mech.numerx.func.io.in.impl.nastran

.
10!  jmes.mech.numerx.func.io.inimplymap
s

© © OO0 OO OO OO

.
1Qr

Jjmes.mech.numerx.func.io.in.pom



https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.in.impl.abaqus
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.in.impl.ansys
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.in.impl.b2000
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.in.impl.exodus
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.in.impl.gmsh
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.in.impl.nastran
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.in.impl.vmap
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.out.impl.abaqus
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.out.impl.ansys
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.out.impl.ansys.geo
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.out.impl.exodus
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.out.impl.gmsh
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.out.impl.gmsh.geo
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.out.impl.lsdyna
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.out.impl.nastran
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.out.impl.peridigm
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.out.impl.vmap
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.out.impl.vtk
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.out.impl.xdmf

Eco-system
Visualization DLR

= XDMF export

» Useable by
= ParaView
= \islt

= Automated postprocessing enabled,
e.g. by pvpython

—— displacements (Magnitude) (stats)

0]
kel
2
=
=
[}
o]
b=
2
c
1]
=
(o]
(9]
i}
[o%
2
o)

Spreadsheetview2 | [1] | D ® o)
Showing | PlotSelectionOverTime1 ~ |Attributes RowData  ~ |Precision: 6 |+ ;29 1v | FH| ()] & i
BlockName RowID N Time avg(X) avg(¥) avg@) ements (0)) i a isplacements (2)) | avg(d
0| stats 0 10001250 240 | 0.0185639 8.32518e-08 -1.42928¢-06 7.42557e-05 4268 oo
1 stats 1 10002250  239.997 0.177728 5.07389e-07 -1.09788e-05 0.000710913 0.0007
2| stats 2 1 0003250 239992 0749688 -1.0978e-08 -3.38508¢-05 0.00299875 o0o0¢ 007
3/ stats 3 1 0004 249.998 239.983 2.09672  -8.9602e-06 -7.05869€-05 0.00838689 ooogs
4 stats 4 10005 249.989 239.969 4.62704  -439711e-05 -0.00012289 00185082 0018
5 stats 5 1 0.006 249969 239.954 877877  -0.000125061 -0.000186723 00351151 00351 005
6| stats 6 10007 249.937 239.943 149661  -0.000254121 -0.000227641 0.0598646 003
7 stats 7 1 0.008 249.899 239.957 23.4999  -0.000405452 -0.000171531 0.0939994 0.094C
8 stats 8 1 0.009 249865 240.017 345641 | -0.000539408 6.5739-05 0.138256 o013z 003
9 stats 9 1 001 249847 240.138 482696  -0.000611975 0000551454 0.193079 oaex
001
0 T T T T 1
0001 0.002 0.003 0.004 0.005 0.006 0007 0.008 0.009 0.01 0.011




28

Expand level |10 v

+ model

Etype
name

~ assemblyData
Btype
name
~ part
- [
@type
name
+~ geometry
@type
+ riData
Btype
-  item
-~ [0
Btype
name
~ topology
Btype
coordinatel
coordinate2
coordinate3
preferences
- [1
Btype
name
~ topology
Btype
coordinate1
coordinate2
coordinate3
preferences
- [
@type

name

CLUSION

Btype

coordinate1
coordinate2
coordinate3

-

Find

Clear

[ Object
I+ Object

String = ModelTreeBuilder ...
String = e15288f8-bal2-4c ...

{} Object

String = TreeBuilderAssem ...
String = 17d2bef7-64a6-4f ...

0, size 1
{} Object
String = TreeBuilderPart

String = d6250751-34db-4f ...

{ Object

5tring = GeoMemoryTreeBui ...

I+ Object

String = ROGeometriesTree ...

[, size 8
I+ Object
String = PointR.3

String = f2d28093-22a2-49 ...

{+ Object
String = PointR 3Topology
Float =0
Float =0
Float =0

String = 5eb070f7-b2d3-4f ...

{} Object
5tring = PointR.3

String = fda44dc3-b546-46 ...

{} Object
String = PointR 3Topology
Float = 1
Float =0
Float =0

String = 5eb070f7-b2da-4f ...

{+ Object
String = PointR.3

String = 3eb63f3f-0601-4d ...

String = PointR 3Topology
Float =0
Float = 1
Float =0

e

JSON file
testSerialize 250N json

File size 83.737 kB
Parse time | 0:00.121 min
Display time | 0:00.286 min

Mode count | 1510

Properties of selected node

Object 331
Array | 130
Int 153

i
String

Bool

51

751

37

Misc

ArrayLength 0
Type Object
Value

Array data:




Conclusion #
Current DLR

» Hierarchical information storage based on level of assumptions possible
» Grind: E.g. mech.object.dto project — 2891 classes, interfaces & enums

» Used as input/output for several DLR tools
» Analytical methods

= Model generators
» FEM data handling

= Use of common solver-agnostic internal data format with solver-dependent
extensions to convert from & to solver-specific formats possible
* Proof of concept in io plugins

= State:

* By no means feature-complete
= Hierarchy converging, yet not free of refactoring




Conclusion ‘#7
Next steps DLR

= On our way to open source

» Goal:
= Hierarchy development & standardization

= |MeS backend directly linked to hierarchy creation, but is just one reference
Implementation

= Further hierarchy development possible independent of backend, e.g. similar to CPACS

» Looking forward to feedback



https://cpacs.de/
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