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An extension to optiSLang® for multi-
dimensional data analysis
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Summary
Current version: SoS 7

« New features
« ANSYS Mechanical SoS plugin
e Interactive 3D/ROM Viewer
* Free-form shape optimization

« Binary interface, ANSI C
(FMOPSolver.DLL)

« Improvements

« New FMOP Backend, improved
SignalMOP

« Mesh smoothening, free-form
models, named selections

« File formats
« In Development

« So0S Script DLL
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New features:
ANSYS Mechanical SoS Plugin

e Objectives:
- Create random fields for geometric imperfections
- Create free-form variation models for geometric imperfections

- Import external random fields into ANSYS (e.g. obtained from
measurements)

- Expose random field parameters to ANSYS WB parameter set

- Export result data to SoS

e Toolbar

JS:}S I:E}s:l]mpud - Iﬁl Create - @:I Export -
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New features:

ANSYS Mechanical SoS Plugin

e Create geometric variations directly in ANSYS Mechanical

e Here: Preparation

Outline

2l

JFiHen Name -

Details von "Synthetic random field (505)"
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2 @ Model (B4)

‘(‘ Geometry Fl

J:J; Coordinate Systems
- Remote Points
/8 Mesh =
+-- [§f1 Named Selections
E--,{=] Static Structural (B5)
Z‘_'j{ Analysis Settings -
Jﬁiﬂ Fixed Support

ﬁ‘. Remote Force

J@j Free-form variation (S05)
) Generate variations (S05)
o

Solution Information
- Al Total Deformation 1
- M3 Equivalent Stress - 1
- M) Equivalent Stress -2 5
- M1 Maximum Principal Stress
N Maximum Principal Stress
- [Bl Compute mass

wl:@:l Export results {So5) one
- A Export results (So5) two

Boundary to be parameterized

Scoping Method

Mamed Selection

MNamed Selection

Eoundary to_be_morphed

Fixed boundary
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V@r' Free-torm variation (So5)
-_,If(;a,l Generate variations

Details of "Generate variations (505)"

(SoS)
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Scoping Method

Mamed Selection

Mamed Selection

EBoundary_to_be_fixed

Mesh part to be exported to So5

Scoping Method

Mamed Selection

505 simulation data location

Source item (internal)

So5_FreeForm

Simulation data path (internal)

So05_Generate

Solver options

Named Selection NS Solid Mumber of CPUs used by 505 [0=all) |2

Definition =1/ Input parameters

Desired variability %) an So5 input ident amp_model__node__shape 1_

Maximum number of parameters 10 P Value -1,81609602420301

Correlation length (eg. ~20% of total length) | 0,005 [m] 505 input ident amp_model__node__shape_2_

standard deviation of geometric variation 0,005 [m] P Value -2

Mean geometric variation 0 [m] 505 input ident amp_model__node__shape_3_

Visualization P Value 0,138171074358871

Visible variation shape index [0=mean) |U So5 input ident amp_model__node__shape_4_

Advanced options P Value -2

Use mesh stabilization True 505 input ident amp_model__node__shape_5_

Test on mesh distortion False P Value =

Move nodes along Boundary normal So5 input ident amp_model__node__shape &_
=I| Solver options Pl value 7

Number of CPUs used by 505 [0=all 0 505 input ident amp_model__node__shape_7_

Internal directory So05_SynthRF P value 3

505 input ident amp_model__node__shape_&_

P Value
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New features:
ANSYS Mechanical SoS Plugin

e Visualize scatter shapes, visualize applied variation as contour plot or
deformation in ANSYS Mechanical
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New features:
Interactive 3D/ROM Viewer
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New features:
Free-form shape variations

e New random field model type: Free-Form variation models

e What is new ?
— Classical random fields: Global shapes (“sine”-"cosine”-alike)

- Free-Form fields: Local shapes using support points
— Support points can be placed automatically or manually or both
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New features:
Free-form shape variations

e Successful mesh morphing even for complex geometries...

Time: L
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New features:
FMOPSolver.DLL

e FMOPSolver.dll / .so for Windows + Linux
e ANSI C API for

ANSI C/C++
- Dynamic linking with C/C++ software 308

326 | DYNARDO FMOP API fmop error t FMOP getModelIdents
327 ( const fmop dir handle t database, fmop datachjec
— Bi i 349 | DYNARDQ FMOF API fmop error t FMOP getModelParamldent
Blndlngs to Python 350 ( const fmop handle t fmop, char *** const param
370 | DYNARDO FMOFP APT fmop error t FMOFP getParamlLowerBounc
1 1 380 | DYNARDQ FMOP API fmop error t FMOF getParamUpperBounc
Blndlngs to Matlab 407 | DYNARDO FMOP APT fmop error t FMOP getModelTotalZwgE(
426 | DYNARDO FMOFP APT fmop error t FMOFP getModelRAwgFCoP |
_ Etc 443 | DYNARDO FMOP APT fmop error t FMOP getModelDim ( cons
" 469 | DYNARDO FMOP API fmop error t FMOP getDataPointIndize
4559 | DYNARDO FMOF API fmop error t FMOF getDataPointCoors

e Allows approximation of :o0
503 Jl’**A’****A’****A’****!‘****!‘****!’*k**ﬂ*k**ﬁ'*k**k*\k!
— Qi 5049
Slgnals and 535 | DYNARDO FMOP API fmop error t FMOP approxField
336 ( const fmop handle t fmop, const double * param

- FEM solutions (node data / element data) =%’
through FMOP

param idents = ctypes.POINTER( ctypes.c char p ) ()
num_idents = ctypes.c_ulonglong (0}
g03.FMOF getModelFParamIdents ( fmop, ctypes.byref( param idents ), ctypes.byref ( num idents ) )

num mesh items = ctypes.c ulonglong(0)

g0s.FMOF getModelDim { fmop, ctypes.byref ( num mesh items ) )
param wvalues = ( ctypes.c_double * num idents ) ( 1., 2., 3., 4., 5., 6. }
approx field = | ctypes.c_double * num mesh items.wvalue ) ()

[V e = BCSS G VR Y OO I S ]

oy

z0s.FMOF _approxField { fmop, param_valﬁes, ctypes.byref | spprox_field | |}

Python example
Software SoS e Field meta modelling ¢ BOSCH RDO Kolloquium 2017
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In development:
SoS script DLL

e Under development
— Access all functions of SoS using the SoS script language

— Start SoS scripts (internally as strings)

— Access data through binary access
e ANSI C API (also usable for embedding into Python, Matlab etc.)
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Improvements:
New FMOP backend

New meta modelling technologies in SoS
Currently used to compute sensitivity indices and prognosis quality

- New: Also exact for arbitrary nonlinear models
Beta option (SoS script or SignalMOP):

— Also used for approximation

FMOP can nearly reproduce same results as point-wise MOP !
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Improvements:
New SignalMOP (Beta option in optiSLang 7.1)

e SignalMOP integrated into MOP and MOP-Solver nodes (using SoS 3.3.4 + 7)

e New post processing options: F-CoP, Scatter shapes, quantile values,
variability fractions, linear correlations

<& MOP (- MOP o] (Sam T e
signal_SoS - signal-SeS_chan_0 - F-CoP (%)
Database file: [Absd\.ltf path '] MOP . omdb Open g ;
Settings | Message log ‘ -
Use advanced settings F-CoP[Total]
Advanced Settings | Signal MOP (Beta) Settings | sl F_CoPlalpha. wc]
Path to 505 executable C:'Program Files\Dynardo\Statistics on Structures)3.50. 1-1\sos.exe — F-CoP[alpha_ft]
Desired accuracy of random field [%4] 90.00000000 E [ (]
ad - 3t — F-CoP[nue]
Maximum number of shapes for random field 10 B / ——— F-CoP[fet]
Maximum number of shapes for FMOP 50 E
Compute sensitivities
Cross correlated channels
Use MOP
Minimum point-wise CoP [%a] 1,00000000 E
Minimum average CoP [%] 1.00000000 @
Retain d fles signal_chan_0 - Variability fractions (%)
Show postprocessing 2t
Inputs QOutputs
Parameter Importance - Response Use =
3+
1 Emod Selectable 1 error_norm
>
2 Gf Selectable 3 2 forces_steps =
2
3 alpha_ft Selectable 3 signal
4 alpha_wc Selectable 4 signal_ref =
st
£ s kT Explained variability fraction
Cumulative explained variability fraction
o I | 1 L I o
() Show addtional options ok | [ cancel | [ apoly | 0 0.5 1 15 2 25 3
. x
——
—
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Improvements:
Support for Named Selections / Components

e Components = Named Selections, Node sets, Element sets
e Used for:

- Import data only for a subset of your FEM mesh

- Define fixed supports when modifying geometries

8 Set nodefelement reference set &u

Edit Command log
tes Random field
Results

Mode set used for statistics/models

Fixed node set

505_FINED_MODES
505 _MODEL_MNODES

jom field model, type node)

Element set used for statistics/models

2

Level Thread  Time Date o

INFO 0 17:05:16 2018-06-18 D
INFO 0 17:06:03 2018-06-13
'WARNING 0 17:06:32 2018-06-18 ~
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Improvements:
File formats and Import mappers

e Photographic measurements:
- Import images of different resolution (resample/scale or cut-off)

o ANSYS:
— Import named selections from CDB
- Export data to External Data CSV format (as input to Mechanical)

e Abaqus:
- Extend FEM element library (new: quadratic volume elements)
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Improvements:
Advanced SoS script API

e Powerful and fast SoS script API for automated processing
e See examples (C:\Users\Public\Documents\Dynardo\...)
e Used within projects e.g. to

- Do simple fatigue analysis based on FMOP stress results
(implementing rainfall counting)

1.:@: animate_3d_rendering.ssc
— Create a database for worn brake pad measurements ¥ cmd_arguments.ssc
% error_handling.ssc
— Perform time stepping based on nonlinear ROM (through (¥ fast_execution.ssc
FMOP) o fem_m esh_connectivity.ssc
% linear_algebra.ssc
"L medule_tmath.pdf
— Much more.... % remove_data_and_filters.ssc

Script examples in
C:\Users\Public\Documents
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