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Statistics on Structures
Multidimensional data analysis

o4 Statistics on Structures Viewer - Curtu:t__Demonstratorsdb i R

e Analysis of
e 1D data (signals) = : :

e 2D data (performance maps)

Above II ' : - ; [Field meta model (FMOP)

e 3D data (FEM, CFD) ;,;;;8;04040;' = ()
e In terms of fvseenm ] il
e Statistics W:,MD _\ W
e Random fields mmw@ —
e Field meta models oy
e S0S Viewer and Web viewer

interactive with sliders, export
through DLL

e Supports various file formats
e ANSYS Mechanical plugin

WOST 2019 - Updates to SoS
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New features in SoS 7.1
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Data analysis

Hot spot detection =
o) ~
45%
e Available: Several statistical 0%
functions (man, stddev, quantiles, ||
probabilities, standard errors, seion]

ranges, cp/cpk values and more)
e New:

e Estimate probability of being
MinimMum or maximum

e 66-95-99.7 rule for outlier
checks

e Estimate interval probabilities

&% Compute.. ?

Lower interval bound: -2.00 &
Upper interval bound: El

Yes Cancel

WOST 2019 - Updates to SoS
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Field meta models
New: Most sensitive inputs

e Until now:
Inspection of individual F-CoP
contour plots of sensitivities

SEQV (Result F-CoP[TEMP_env], type node) SEQV (Result F-CoP[CTE_PCB_xy], type node)

guantity SEQV
result F-CoP[TEMP_env] F-CoP[CTE_PCB_xy]
creation time 2019-06-03 16:09:27 : : _ 2019-06-03 16:09:27

SEQV SEQV

o F-CoP[TEMP_CPU] [ ] F-CoP[TEMP_MCU]
; ] 2019-06-03 16:09:27 | | > ~creationti 2019-06-03 16:09:27
87% n data node

748% 0%

X 65.6317%
ained variation2.62418%

ey

621%
49.7%
37.3%

249%
(1]

12.4%

WOST 2019 - Updates to SoS

dynarcdo

New: Most sensitive inputs
plot: Spatial importance of
inputs at a glance

SEQV (Result most sensitive inputs, type node)

i SEQV
TEMP_CPU CoP=49.8% I. most sensitive inputs
2019-06-03 16:09:27
TEMP_env CoP=42.0% node

minimum value -2
CTE_PCB_xy CoP=6.5% maximum value 5
TEMP_MCU CoP= 2.6% I‘

CTE_CPU CoP=25% I‘

Undefined l
Unknown (CoP[Total] < 77.7%) I
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Field meta models
Settings for Field-MOP and random fields

e Improved settings dialog for Field-MOP

M Create field meta model (F-MOP)

Maximum number of shapes
[] Find cross correlation
Field group ident

[+] Use interpolated missing items

[] compute R*sigma

—

| cancel

% Create field meta model (F-MOP)

Maximum number of shapes:

[] use a single cross-correlated model, ident:
[+] Use interpolated missing items

[] Compute sensitivities

Mandatory inputs:

[] compute R*sigma
u— . |
] CTE_CPU

|:| CTE_PCE_xy Mandatory
] TEMP_CPU InpUtS

] TEMP_MCU
[] TEMP_env

(®) Default meta model settings
() Fast mode for meta model creation

() Use custom settings of internal meta model
() Use custom settings for MOP backend

Optimized presets for

Field-MOP or

custom settings for

expert users

WOST 2019 - Updates to SoS

ok | Cancel
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Field meta models

dynarcdo

Settings for Field-MOP and random fields

1. Fast mode offers improved
performance at the expense of
accuracy. Use if the number of
designs or inputs is large.

2. Select custom settings to
have full control of the SoS
Field MOP calculation. (e.g.
filter input-input correlations)

3. Select custom MOP settings
to use the optiSLang MOP
backend to create the Field
MOP.

WOST 2019 - Updates to SoS

(O Default meta model settings (O Use custom settings of internal meta model

(O Use custom settings for MOP backend

(® Fast mode for meta model creation

(® Use custom settings of internal meta model

(O Use custom settings for MOP backend

(O Default meta mode! settings
(O Fast mode for meta model creation

Custom meta model settings

Use anisotropic function kernels

[ ] Use custom localization points, number: |1000 E“
[ ] Filter input parameters (input-output polynomial correlations)

Do not filter inputs with a linear correlation significance level: |0.99 E"
[ ] Use custom number of reshuffles for sensitivities: |100 E“
[] Filter input-input correlations, limiting eigenvalue of correlation: |0.30 E“
Iteration tolerance 0.0001 5

O Default meta model settings (O Use custom settings of internal meta model

(O Fast mode for meta model creation (® Use custom settings for MOP backend

MOP settings

Use polynomial models Use input-output correlation filter
[ ] Use Moving Least Squares models [ ] Use input-input correlation filter
Use Kriging as model Use significance filter

[ ] If Kriging: Use anisotropic function kernels Use Col filter

Use Box-Cox transformation Use CoD filter
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Field meta models
Performance improvements

e optiSLang simple function example
e 5 input variables
e Changing number of samples

osl simple function, 5 input variables

- Computation time drastically
improved for large sample 5000 /

sizes.

»n
Up to 500% improvement g 400
j‘:B 3000 ] SoS 7.0.0
é — So0S 7.1.0 /
S 2000 p
@)
£ /
/
0
200 500 1000 2000 3000 4000

Number of samples

WOST 2019 - Updates to SoS
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Performance map and image analysis
New: Visualization of gridded data in SoS

Standard deviation of pressure
change - Where can we expect

deltaP (Result mean[FMOP], type node) deltaP (Result sigma[FMOP], type node)

quantity deltaP d_eItaP - -
il e e the largest variations through

data type node node

R R the applied geometric changes ?

| |

ll
!

Il 1

| 1

| |

| lw‘ deltaP (Result F-CoP[Total], type node) deltaP (Result most sensitive inputs, type node)
| -

L]

1 guantity deltaP quantity deftaP

| result F-CoP[Total] R_UpperChamber CoP=50.2% result most sensitive inputs
§ | I creation time 2019-05-29 17:20:06 creationtime  2019-05-29 17:20:06
Il | ‘ data type ot | Unknown (CoPTotal] < 75.8%) . Sh ek

H 1 minimum value  34.4492% = minimum value -2

= :-,.-], maximum value  99.5308% maximum value 3

H l‘[] | explained variation94.7949% |

.

|

Mean value of pressure
change for different
working points

Prognosis quality of the

meta model - F-CoP(Total)
Most sensitive input
parameters

WOST 2019 - Updates to SoS
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Integration with ANSYS Mechanical
New: Contact results export

SaS W mport * 75 Create - |J_\|EH art - PRESSURE (Design 1, type node)
A: Static Structural | il Imp i) -::B' p .
Pressure Outline i Mechanical results Above gg::g:\’ ::‘ESSURE
Type: Pressure . o | 4.30e+4
) % Thermal results from file s0s_results.k
Unit: MPa J Filter: | Name ﬂ .::; 5 | " e ; creationtime  2018-06-03 17:25:40
Time: 1 _..j ‘D‘:" g kl- 12k eneral resu -baet I' , data type node
+ J T . T
J Proi )| Contact tool result 2.970+4 .mg',:::‘ntr;\glﬁi iggg'{:
43000 Max & Project = Il

2.30e+4

39296 [ {ﬁ I
S @000 oo st WA Solution Information 1 B3e+d
NGO o e e N ‘(m Total Deformation -
284148430 ------- ,am Equivalent Elastic Strain 9.66e+3
AT 0 S CTaireseseersmmu e N I D Equivalent Stress Below
f%;g = Contact Tool
Status

13368 Al
9664.4 Min i Erlchonal Stress

R Pressure

ﬁ Gap

------- v :@I Export Contact Tool results (SoS)

Details of "Export Contact Tool results (505)"

A: Static Structural [=]| Drefinition
Frictional Stress Contact Tool | Contact Tool |
Type: Frictional Stress S -
Unit: MPa =l Mesh part to be exported to 505 Above quantity FRICTIONAL_STRESS
Time: 1 i i design #1
Scoping Method Geometry Selection 9.50e+3 I| pian ot ek
9586 Max Gecu_metr}r 1 Face v : . ;raet:t;s;etlme gg:{z-ns-us 17:25:40
8670 =I| Options I‘ minimum value 1343.5
7754 Element types of mesh | Crriginal b lI 3 (maximum value 9586.1
:g?z,i I=l| Solver options 4.64e+3 - ‘
5007 Internal directory | 505 Export 2.99e+3 I
4091 1.34e+3
3175
2259 Below
1343 Min

WOST 2019 - Updates to SoS
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optiSLang integration
Improved integration of standard analysis types

e Create Field MOP and analyze
simple statistics inside
optiSLang

e of ANSYS Mechanical models
(using ANSYS SoS plugin)

-»:u |

Field_MOP_ANSYSMECH_SoS

e of 2D performance maps > Faw)
inside optiSLang based on Field_m;;_m_sus
CSV files

e of 2D performance maps
based on nested systems

WOST 2019 - Updates to SoS
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Improvements:
SighalMOP (1D) integrated in optiSLang

e SignalMOP integrated into MOP and MOP-Solver nodes since optiSLang 7.3

signal_SoS - signal-SoS_chan_0 - F-CoP (%)

8 P T T T T T T

-~
— F-CoP[Total]

& F-CoP[alpha_wc] 7]
~—— F-CoP[alpha_ft]

F-CoP[Emod]

3t ~—— F-CoP[nue] E}

— F-CoP[fct]

& MOP O
Database file: |ﬁhsni.|te path - HSensiﬁ\ritw’Sensiﬁvity.omdb | | P= | - | | Open
Settings Message log
[+] Use advanced settings
Advanced Settings lstegs Settings Signal MOP Settings
Path to So5 executable |C:‘Program Files\Dynardo\Statistics on Structures'7.0.0-44\s0s.exe | -
Desired accuracy of random field [24] |30.00000000 B
Maximum number of shapes for random field |1D El
Maximum number of shapes for FMOP |50 E|
Compute sensitivities ||
Cross correlated channels [
Use MOP L]
Mirimum paint-wise CoP [%] | 1.00000000 B
Minimum average CoP [%] |1.00000000 =
R mbmie Ak Blan LA e
[#] show postprocessing
Inputs Qutputs
o s . .
Parameter Importance Response  Use  Minimum Maximum
1 alpha_ft Selectable 1@ error_norm  [+]
2 alpha_wc  Selectable 2 ‘. forces_steps [+]
3 Emeod Selectable 3 H signal 1
4 fet Selectable 4 n signal_ref  []
5 Gf Selectable
< >
'/_\' ey .
| Show additional options | OK | | Cancel | | Apply

WOST 2019 - Updates to SoS

MOP

slgnai_chan_o = Varlability fractions (%)

=8 (E|

Explained variability fraction
Cumulative explained variability fraction

1.5 2 2.5
X

wir
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Performance map analysis

e How are performance maps (e.g. different operating points of engines,
generators, valves etc.) influenced by design parameters ?

e How to assess changes of images as obtained in optical simulations ?

WOST 2019 - Updates to SoS
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Performance map analysis — Example valve
Motivation

How to analyse the performance map of a valve with respect to
geometric changes ?

. Valve |
Geometric parameters: Shuttr in position 1
e Radius 1 (outlet2 closed)
e Radius 2 Radius_upper_chamber

outietl

H
= Position_upper-chamber

e Position upper valve chamber

Parameters of performance map:

e Mass flow et +_>
inie

Radius_lower_chamber

e Viscosity (depends on -
temperature) i
Target: - . - . - .
1 1“ 1
o Delta P (pressure loss between 2 8l Gonery W2 WGy L a2 @sew 7. e1@neis v,
Inlet and Outlet) —:r3|l'p? Parameter 3@ Mesh ¥ 4 3 | @@ soluton ¥ 3|l"p'«‘ Paramete
Geometry - casel outlet & open 4 |[pd Parame ter 4 |[pd Parame ter Results
|_‘ Mesh |Q Fluent
|l‘p-1nl Parame tersatz

With courtesy of CADFEM (Neuhierl CASCON 2018)
WOST 2019 - Updates to SoS
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Performance map analysis — Example valve
Field MOP 2D for nested DOE systems

optiSLang + SoS

Geometric parameters:
e Radius 1
e Radius 2

e Position upper valve chamber

Field_MOP_20_Mested_DOE_So5

Parameters of performance map:

{General settings| FMOP settings

® M ass fl ow Path to inner OMDBE file template Design0001\DokE__arbeitspunkte\DokE_arbetspunkte.omdb — |
PY Viscosity (depends on Considered responses deltaP Refill list |
te m pe ra t u re) Parameter ident of 1st axis rflow — |
Ta rg et : Pararmeter ident of 2nd axis parameter_2_viscosity — |
Scale axis v
e Delta P (pressure loss between
. Resolution of 1st axis 1100 =
inlet and outlet)
Resolution of 2nd axis [100 3
505 executable |C:\Users\WDST\AppData\Local\Programs\Dynardo\StatistiG on Structt  Choose sos.exe |
Export PNG images v

With courtesy of CADFEM (Neuhierl CASCON 2018)
WOST 2019 - Updates to SoS
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Performance map analysis — Example valve
Results

deltaP (Result sigma[FMOP], type node)

r - -

e X o e | T Standard deviation of pressure
creationtime  2019-05-29 17:20:06 I creationtime  2019-05-29 17:20:06

1.17e+2 ata type node 4.69e+0 node

|| i vaue 34509 voserall immvae 015075 change 2> Where can we expect
aximum value 133.342 value 5.33747

8.48e+1 i | 340es0

- b ' the largest variations through

5258+1 | o 2108+0

o T the applied geometric changes ?

201e+1 I | 8.10e-1 ~
3.958+0 H- 1.63e-1
Below | i\ ot
| It
|

deltaP (Result F-CoP[Total], type node) deltaP (Result most sensitive inputs, type node)

Above quantity deltaP guantity deltaP

99.5% l result F-CoP([Total] B hnereharaniealios, result most sensitive inputs
| | creationtime  2019-05-2917:20:06 | creation time  2019-05-29 17:20:06

91.4% data type node Unknown (CoP[Total] < 75.8%) data type node

83.3% !! minimumvalue  34.4492% minimum value -2

maximum value 99.5308% maximum value 3
75.1% [explained variation84.7949% B —

67%
58.9%
50.7%
i
426%
|

34.4%
Below'

Mean value of pressure
change for different
working points

Prognosis quality of the
meta model - F-CoP(Total)

Most sensitive input
With courtesy of CADFEM (Neuhierl CASCON 2018) parameters

WOST 2019 - Updates to SoS
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Data set Example: Optical Image (Map) analysis

e Start set including 1000 designs
e 5 images including a matrix of ~30x40 data points
e Approx. 10% designs with zero output information

| /
\ |
I

WOST 2019 - Updates to SoS
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Analysis of Images Example: Optical Image (Map) analysis

Parameter 1 o CoP| o Here, the analysis results of image2 are
QE,I shown (Total CoP: 95%)
|| e Spatial influence of each input
m;== parameter is visualized (selection)
1N e Color corresponds to influential strength

Below (Single-CoP)
e i Parameter 3 has highest influence (see
ol scale).

Parameter 2

] e The spatial distribution of its influence is
m%== pretty similar to the other two
“ Il parameters.
0%
Eelow
ave ] COP
Parameter 3 i‘*;wi
BSB"HI
| |
333%’"
15?'3,-’"
1

0%
Below

WOST 2019 - Updates to SoS
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Analysis of Approximation Quality

e Original data vs approximation design 668, Image2

e Original data vs approximation design 48, Image2

WOST 2019 - Updates to SoS
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Correlation of Images with each other

Original data (images):
e A "movement” of the

structure from left to right
can be observed visually

Analysis with SoS:

e Influence of Parameter 3
in each image is visualized

e The “movement” of the
parameter influence from left
to right can be observed

WOST 2019 - Updates to SoS
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Digital Twins for predictive maintenance

e Objective: Fast analysis of transient load cycles based on
e Representative load cycles during design phase
e Measured load cycles during lifetime

o Key to solution: Replace nonlinear simulation model by approximation
model of the FEM model - DYNARDO ROM

e Steps:
e Design of Experiments in optiSLang
e Create and validate Data based ROM (optiSLang and/or SoS)
e Connect (“feed”) ROM with sensor data

e Fatigue analysis (e.g. rainflow counting) in e.g. MATLAB or directly in
SoS

WOST 2019 - Updates to SoS
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Dynardo ROM's

Above % % = ~ |Field meta model (FMOP)
] | | Quantity LOGSEQY

5.92e+00 Data type node

4.93e+00 | | |Values:
| |CTE_CPU 2.3468e-005

3.95e+00 CTE_PCB_xy 1.788e-005

- Data based - physics agnostic o |

TEMP_MCU

1.98e+00 TEMP_eny 512

9.97e-01

- Data & Solver agnostic 12500t
Supports CAE solver formats
Analysis of measurements (CSV,STL, images)

« MOP workflow automatically reduce
dimensionality and select best possible sub-
space and metamodel regarding forecast
quality!

« MOP integrated third party metamodel and
machine learning algorithms

- optiSLang: Scalar MOP, Signal MOP
- SoS+optiSLang: Field MOP

 Real time field surrogate models possible
3D Field-MOP in time

WOST 2019 - Updates to SoS
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Predictive maintenance example

Predictive Maintenance

LHT: Motivation

ITB: Technical Solution

CASCON 2018
Presented by H. Schulze Spintrup — ITB

e 2. e s “ LufthansaTechnik ~ <o0<o Rew
[1] M.Eng. Holger Schulze Spuntrup ngenieurgesellschaft fur technische Berechnungen mbH
Real-time processing with 3D meta models for predictive maintenance of aircraft engines
CASCON 2018

WOST 2019 - Updates to SoS
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Predictive maintenance example

Setting up the 1-way FSI simulation models

B Creation of a FE-model of the High-Pressure-Turbine-Blade

-
: Assessed
2 gl Setup 4 2 | @ Technische Daten v 4——m2 & Technische Daten v 4 pa rt: H PTB

CFX_Load_Import 3 @ Geometrie W a3 @ Geometrie v o4

4@ Modsl v W4 @ Model v .

5 @ sewp e 5 @@ setp v .

5 % Solution v a4 ] ‘% Lésung v 4

7 |@ Results v 4 7 |@ Ergebrisse v o4

8

Steady-State Thermal rpj Paramet ters
Statisch-mechanische Analyse

| (pd Parameter Set |

Global Number of Nodes: ~ 6 million

12 CASCON 2018 - Predictive Maintenance Luftha nsa TeChnik dqnopdo -lt b

dynamic software & engineering
~— -

[1] M.Eng. Holger Schulze Spuntrup ngenieurgesellschaft fur technische Berec nungeﬁ mbH
Real-time processing with 3D meta models for predictive maintenance of aircraft engines
CASCON 2018

WOST 2019 - Updates to SoS
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Predictive maintenance example

Implementing the simulation models in an optiSlang workflow

B Simulation loop in optiSlang

. » W |
Actual operation parameters i W L i [@’

Mechanical

Loads of critical component

N

sult mapping

1%

i |

27/

14 CASCON 2018 - Predictive Maintenance Lufthansa TeChnik dqngmgc\gvg& — -lt b

[1] M.Eng. Holger Schulze Spuntrup B Tngenieurgesellschaft flr technische Berechnungen mbH
Real-time processing with 3D meta models for predictive maintenance of aircraft engines
CASCON 2018

WOST 2019 - Updates to SoS
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Predictive maintenance example

Results

B FMOP in Statistics on Structures

List of available individual obi

52 53 SX SKY SXZ sY SYZ 52 TEMP
|1 9152% () 9196% ) 9649% ) 9238% ) 93.27% ) 9200% ) 9208% ) 9501% ) 99.21 %

F-CoP[Total]

FMOP_VALIDATED
Joeesonsmewres33t | File includes the FE-results of the validation points for direct comparison

Maximum Principle Stress S1 [MPa]

FE-Results FMOP Result accuracy
Perfect match = 100 %
19 CASCON 2018 - Predictive Maintenance Lufthansa TeChnik dqngﬁggvg& — -lt b

[1] M.Eng. Holger Schulze Spuntrup ngenieurgesellschaft flr technische Berechnungen mbH
Real-time processing with 3D meta models for predictive maintenance of aircraft engines

CASCON 2018

WOST 2019 - Updates to SoS




Transient real-time load stepping on the basis of field meta models
(FMOP) for electro-thermal-mechanical FE simulations

36. CADFEM ANSYS Simulation Conference
10.-12.10.2018

Robert Bosch GmbH: DYNARDO:
K. Riester, Dr. C. Faust-Ellsasser, Dr. T. Rupp Dr. S. Klonk, Dr. D. Schneider, Dr. S. Wolff

& BOSCH i

[2] Dipl.- Math.techn. Konrad Riester (Robert Bosch GmbH)
Transient real-time load stepping on the basis of field meta models in electro-thermal-mechanical FE
simulations, CASCON 2018
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Predictive maintenance example

Real-time load stepping on the basis of FMOP for electro-thermal-mechanical FE simulations

Electronic power steering

Environmental influences:

Humidity Chemicals

Thermal stresses

\ / Vibration

Electronic power steering

Power pack
dynardo BOSCH

Automotive Electronics | Riester, Faust-Ellsdsser, Rupp | DYNARDO: Klonk, Schneider, Wolff | 2018-09-05

© Robert Bosch GmbH 2018. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as w: the event of applications for industrial property rights.

ellasin

[2] Dipl.- Math.techn. Konrad Riester (Robert Bosch GmbH)
Transient real-time load stepping on the basis of field meta models in electro-thermal-mechanical FE

simulations, CASCON 2018

WOST 2019 - Updates to SoS
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Predictive maintenance example

Real-time load stepping on the basis of FMOP for electro-thermal-mechanical FE simulations

AN SYS WB model e S

0 ANSYS WB: connects 3 different physics
and data transition between 3 ANSYS

@) Geometry
@ Model
@ setp
@ soluton
@ Resuts

LURN AN
1y

NN
(SIS

. 8 (53 Parameters 8 (53 Parameters Model, Static Structural
Mechanlcal models |_M:de|.iud'v-iiteEle¢ricC o W_H_‘ Madel, Transient Therml _I
Transient electrical loading leads to an

increase in the temperature of the domain
and, subsequently, to thermally induced

(pd Parameter Set

stresses.

i ,@ COPY (APDL)
e ) Emtm
Y-
) Expmm3
i) Export TEMP 4

0 ANSYS APDL: Define load transients s

,E Static Structural (C5)

based on external parameters ot o “por TEND 2

Scoping Method Named Selection
| Named Selection | surfBond

= Mesh part to be exported to SoS
| Scoping Method Named Selection

SoS for ANSYS: Plugin for Mechanical e

| Element types of mesh | Linear

exports result data directly to SoS for e

| Temperature ' Node values

FMOP creation = sover options

| Internal directory | SoS_Export_1
1 4 Automotive Electronics | Riester, Faust-Ellsdsser, Rupp | DYNARDO: Klonk, Schneider, Wolff | 2018-09-05
© Robert Bosch GmbH 2018. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights.

[2] Dipl.- Math.techn. Konrad Riester (Robert Bosch GmbH)
Transient real-time load stepping on the basis of field meta models in electro-thermal-mechanical FE
simulations, CASCON 2018

WOST 2019 - Updates to SoS
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Predictive maintenance example

Real-time load stepping on the basis of FMOP for electro-thermal-mechanical FE simulations
pPpPINg
. . id-point Temperature over time [node ]
FMOP result validation VPt Temperture ver time Tnote S77eT

Input signal

——oTemp [FEM]
@ oTemp [F-Mop2]
Tu

4
50

Field-MOP o . . . .
1 0 2 4 t[s] 6 8 10

Mid-point normal stress over time [node 87767]

Current [A]

8 10

Time [s] g

 Excellent approximation result for ' s2twor2
transient temperature and contact AR
stresses.

=t S7 [FEM]

:10B1U092 3y Jo wiod e 1ndinQ

20 Automotive Electronics | Riester, Faust-Ellsasser, Rupp | DYNARDO: Klonk, Schneider, Wolff | 2018-09-05 d d @ BOSCH
© Robert Bosch GmbH 2018. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights. uncr‘ O \ /4

[2] Dipl.- Math.techn. Konrad Riester (Robert Bosch GmbH)
Transient real-time load stepping on the basis of field meta models in electro-thermal-mechanical FE
simulations, CASCON 2018

WOST 2019 - Updates to SoS
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Predictive maintenance example

Real-time load stepping on the basis of FMOP for electro-thermal-mechanical FE simulations

Transient solver: As SoS script

[0 Based on SoS script APl one can solve the system given a load transient directly from Windows
Explorer

0 Integrated rainflow counting to assess critical number of load cycles and visualization of expected
lifetime in SoS:

creation time  2018-04-06 14:56:24
data type node

minimum value 5178.57
maximum value 5809.56

U 10.0005 0.001 0.0015 0.00
2 1 Automotive Electronics | Riester, Faust-Ellsésser, Rupp | DYNARDO: Klonk, Schneider, Wolff | 2018-09-05 d unar\do BOSCH

© Robert Bosch GmbH 2018. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights.

[2] Dipl.- Math.techn. Konrad Riester (Robert Bosch GmbH)
Transient real-time load stepping on the basis of field meta models in electro-thermal-mechanical FE

simulations, CASCON 2018
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Substituting simulation parts with Field MOP
Motivation
How to implement the field meta model in an existing ANSYS

Workbench project? How to replace time-consuming parts of a
simulation model ?

- A - B
1 1

2 () Geometry + 2 & EngineeringData + ,———— 8 2 & Engineering Data ~ ,——82 & EngneeringData +
Geametry \3 @ Geometry W a3 @ Geometry w 3 @ Geometry ¥ 4
4 @ Model v W4 @ Model v W4 @ Model v
—3 5 | [pd Parameters 5 @ setup v ‘-/45 @ setup v 4
Mechanical Model 6 ﬁ Solution v 6 ﬁ Solution v 4
7 @ Results v 7 @ Results v 4
» =8 rp:‘ Parameters —=* 8 rp:‘ Parameters  —
Steady-5State Thermal Static Structural
- A - B
|fp7 Parameter Set 1 i 7 Static Structural
1 2 ‘ Setup v 2 & EnginesringDats 4
External Data 3 i) Geometry v
\4 . Mode! v
5 @ setup v 4
6 @ Solution v o,
l@l 7 @ Results v
_E —= 8 [‘p-«‘ Parameters
Static Structural
> |l'|ﬂ Parameter Set
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Substituting simulation parts with Field MOP
Workflow & results

Field MOP evaluation of

temperature field Direct simulation evaluation of

subsequent systems

T’El
d

Postprocessing

LOGSEQV (sigma)
Modified Workbench project | '

- A
i

2 ‘ Setup v o4 @ EngineeringData 4
Bxternal Data 3 @ Geometry v
4 @ Model v 4
5 | setup v 4
& | @ solution v Ahove I
7| @ Results v o4 1.79e+01 1.792+01
8 rﬂ' Parame ters II
1.61e+01 1.61e+01
Static Structural I-
1.44e+01 = | 1 d4a+01 II
1.26a+01 Il 1 2he+01 I|
|59 parameter set | [1.09e+01 Il 1.09e+01 Il 5.17e-01
916e+00 I| g12a+00 3.39e-01
7.42e+00 7. 37e+00 I| 1.61e-01
Below =T Below N
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Aynardo

Substituting simulation parts with Field MOP
External data format created by SoS

Preview of File - D:\Daten\AKQUISEVCIRCUIT \datal01_validation FOR_JAKOBY3 o

A B C D
1 X Coordinate ¥ Coordinate 7 Coordinate Temperature
2 0.012372 0.0151266 0.00045 31,2042
3 0.0124282 0.0150433 0.00045 31.2304
4 0.01249474 0.0149289 0.00045 31.3196
5 0.0124112 0.014315 0.00045 31.3968
6 0.0123563 0.0147283 0.00045 31.4584
7 0.0119589 0.0146605 0.00045 315411
8 0.0122856 0.015117/9 0.00045 31.199
o 0.012222 0.0152094 0.00045 31.1753
10 0.0120614 0.015186.2 0.00045 31.2123
11 0.0119203 0.0151006 0.00045 31.295

Read SoS output in
ANSYS WB (External

data)

WOST 2019 - Updates to SoS

Table of File - 0:\DatenVAKQUISENCIRCUIT \datal0 1_validation FOR_JAKOBYW3 osl\osl fmop.opd\Sens
A B C D E
1 | Column ~ | DataType ~ | Datalnit + | Dataldentifier + | Combined Identifier
2 A X Coordinate *| m Fil=1
3 = Y Coordinate ;I m Filel
4 | C Z Coordinate x| m File1
5 D Temperature ;I C ;I Temperaturel File1:Temperature 1
Mot Used
X Coordinate
¥ Coordinate Set UP the XIYIZ
Z Coordinate coordinates of data
Node ID points and the data to
Element ID
Temperature be used as Ioad,
Pressure

Heat Transfer Coefficient
Heat Flux

Heat Generation

Heat Rate

Thickness

Displacement

Force

Velocity

Stress

Strain

Body Force Density

Here: temperature
(generated by So0S)
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Types of random fields
Depending on task and number of input data

Model type Inputs Properties Application
Empirical Many Accurate description Robustness analysis,
random field measurements of reality Quality control,
Maintenance
Synthetic Few mean+stddev from Robustness analysis:
random field measurements measurements, Predict Pf based on true
model spatial correlation magnitude of variations
from assumption
Free-form model Few Mean+stddev from Needs more parameters,
measurements measurements but can localize effects on
structure
Synthetic Single/no Artificial, global Check if variation has
random field measurement impact
model
Free-form model No Artifical, local Shape optimization and
measurement sensitivity analysis
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Robustness analysis related to geometric and
material scatter

SIEMENS

‘-'--;\

X -

Robustheitsbewertungen gegenuber
Geometrie- und Materialtoleranzen
fur einen Pressverband

[2] Marion Ballweg (SIEMENS)
Robustheitsbewertungen gegeniiber Geometrie- und Materialtoleranzen fiir einen Pressverband, CASCON 2018
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Robustness analysis related to geometric and
material scatter

Motivation SIEMENS

Ihg«eb\ui{y for Ufa

Produktion

* herstellungsbedingte
Geometrieschwankungen

Einflusses auf dynamischen Kennwerte?

* herstellungsbedingte
Schwankungen der

Materialkennwerte
Montage
* Pressverband beeinflusst
Steifigkeit

Frei verwendbar © Siemens AG 2018
Page 4 11/10/2018 M: Ballweg PDLDPR&D 223

[2] Marion Ballweg (SIEMENS)
Robustheitsbewertungen gegeniiber Geometrie- und Materialtoleranzen fiir einen Pressverband, CASCON 2018
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Robustness analysis related to geometric and
material scatter

Ergebnisse — Nominalgeometrie vs. Referenzimperfektion SIEMENS
lngenuity for Uife

W Anpressdruck [MPa] Nominalgeometrie Referenzimperfektion

Frei verwendbar © Siemens AG 2018
Seite 13 11/10/2018 M: Ballweg PDLD P R&D 223

[2] Marion Ballweg (SIEMENS)
Robustheitsbewertungen gegeniiber Geometrie- und Materialtoleranzen fiir einen Pressverband, CASCON 2018
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Robustness analysis related to geometric and
material scatter

Workflow 1 SIEMENS
Ihg«eb\ui{y -for Ufa

B Geometrievariationen

€ sos”

" Materialvariationen

(W) optisLang”

@ Lineare

© Bewertun
Modalanalyse J

W Statische Analyse

Frei verwendbar © Siemens AG 2018
Seite 17 11/10/2018 M: Ballweg PDLD PR&D 223

[2] Marion Ballweg (SIEMENS)
Robustheitsbewertungen gegeniiber Geometrie- und Materialtoleranzen fiir einen Pressverband, CASCON 2018
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Summary

e New advances in

e Digital twins and real-time approximation
e Performance map and optical image analysis
e Random field modelling

e Simplification of user interface and analysis

WOST 2019 - Updates to SoS
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