CADFEM'
CONFERENCE 2022

EMPOWERING DIGITAL ENGINEERING

RBF Morph

Complete Solution for Delivering Interactive Digital
Twins with Custom AR/VR Ul

— Dr. Marco Evangelos Biancolini

Company Founder 'b‘

Associate Professor £ TOR VERGATA

L.



CADFEM'
CONFERENCE 2003

EEEEEEEEEEEEEEEEEEEEEEEEEEEE

Interactive Digital Twins?

* High-fidelity simulations big data for training Al
models:
o Design stage: steer new projects more effectively

o Operation stage: real-time interactions are key enablers
of digital twins

 Challenges:
o High level of automation required
o Replicable, easily deployable workflow

« We present a comprehensive solution based on
Ansys CAE tools powered by Unity rendering
and exported to Meta Quest 3 AR/VR
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Reduced order models

Velocity (m/s)

POD+GARS = ROM
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Functional mock-up units
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Interactive Digital Twins 2%
Challenge #1

 High level of automation to
create snapshots is needed

« Geometrical parameters require
mesh topology preservation

" Functional
Mock-up
Interface

\nsys "
EEEEEE ' RBF Morph - www.rbf-morph.com 5

EEEEEEEEEEEEEEEEE



CADFEM!
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parametric

* RBF Morph makes
the CAE model

para metric i‘t[;i‘i[?onn Conventional approach RBF’s morphing approach
° Shape para meters 1 Geometry - Solving Geometry -m Solving
are drlven by an 2 Geometry - Solving % Solving
orchestrator P Geomery JINESHOGHID  Soling ‘ S sohing
* Shape parameters ceomety S SSG 'b B
can be used to 2
enerate snapshots " Geomety  JNISSRRGNINSoling £ soving

or real time Digital
Twins (ROM/AI)
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Radial Basis Functions mesh CONFERENCE 2z
Morphing

« Geometric control by
Radial Basis Functions mesh
Morphing
o Surface shape changes
o Volume mesh adaption

* A new shape of the CAE model
ready to run
o for structures in the FEA solver
o for flows in the CFD solver
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Radial Basis Functions mesh CONFERENCE
Morphing

« We offer Radial Basis
Functions (RBF) to drive mesh
morphing (smoothing) from a f v
list of source points and their |50 = ) vo(llx - xo,])) + 57 + B3x + By + i
displacements A v
B2 |, o= 3 el + 7 + s By 125
i=1

for [ngmeeﬂ
Applications

g

» RBF are recognized to be one
of the best mathematical k
tools for mesh morphing

N
520 = ) vEo(||x = x5 ) + B2 + B5x + B3y + iz
i=1
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* An RBF mesh morphing solution fully embedded in

OPTISLANG

Ansys

o RBF Morph Fluids — an Add On for Fluent

Ansys RBF Morph
\nsys

o RBF Morph Structures — an ACT App for Mechanical

* Full integration with optiSLang and Twin Builder

¥ Fluids

 Support for LS-DYNA and APDL

¥ Structures

https://www.rbf-morph.com/wp-content/uploads/2023/05/RBFMorph Brochure.pdf
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https://www.rbf-morph.com/wp-content/uploads/2023/05/RBFMorph_Brochure.pdf
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e To be released in
2024

» Read in STL, STEP
» Unity - OpenCascade

* Solver independent
process that supports
many mesh formats

« Scriptable via Python

RBF Morph - www.rbf-morph.com 10
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Main uses of RBF Morph

Automated and quick variable design space v
exploration.

Optimization (Single physics or multi-physics). Shape
optimization for stress reduction, mass reduction, v 4 v
fluid-striictire interaction

Digital twin development (static ROMs) v 4 v v
Lifing applications Simulate defects such as corrosion v %
pits, spalling of material, erosion, chips, etc.
Examine the effects of non-conformance and % %
manufacturing variability
Robust Design v v 4
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Applications =% S~ b A -1 3

OPTIMIZED SHAPE  ORIGINAL SHAPE
27% stress reduction _ _ stress at hot spot
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RBF/AERO *

X E Cloum{}

FORTISSIMO RIBES Facturlngﬁ

O
/f?f,\)‘ EUROfusion S I]é‘n n B r C} ( ZAI;EuroHPC )
next generation spine experts MEDITATE
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Challenge #2

 Replicable, easily deployable
workflow?

* Unity rendering
* Meta Quest 3 AR/VR
« Apple VisionPro? <

" Functional
Mock-up
Interface

\nsys "
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A simple FEA model - ROM - CONEERERCE
FMU

* Solid model created by CAD

* The notch effect is accurately
captured by Mechanical

« RBF Morph allows to create one
geometrical parameter to
change the diameter of the hole

 The applied loads is the physical
parameter

* Snapshots are exported and the
FMU created by Twin Builder

\nsys :
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Workflow =

Geomet Step 3: Step 4: Step 5:
i Parameters DOE: 30 DPs |:> ROM
and mesh

[T

TNEW L1l Ll

Reduce | °

Shape parameter: radius offset

|eave Onﬁ Out

[IRTTRR e
1.000 \
0.100 \
0010 \
0.001
1e04 ——
1e05
106
1e07

W

|

VM stresses 1ec8 ‘\‘
\

\

109
1e10
1e11
1e12
1e13
leld

0 2 4 6 8 10 12 14 16

Number of Modes: 5
Reduction RMS Error (%) : 3.2e-04

Physical parameter: Force Lsvonsun s s

\nsys 'b‘ Ansys TB interface
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Twin Builder

e ROM viewer

* Input parameters
are controlled by

the sliders

* Point-based
rendering

" ebf

TECHNOLOGY PARTNER

Delete

ROM Information

Name:

Parameters (fields) :

s
2(0)

Learning Snapshots: 16

Output:
Version :

6 modes
2021R2

Export to Twin Builder

Evaluate ROM
Input parameters :
Parameter I Value
offset Surface Offset ——|311523e03
Force Y Comp 9

Save snapshot

Stress (Pa)

4.56e+8
421e+8
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RBF Morph Unity Ul

¥ [ project
¥ & Models
&

to read in stl and
FMU

+ Input parameters
are controlled by
handles (json
descriptor)

« Surface-based
rendering
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RBF Morph exported VR

« FMU are translated
to ARM

 Meta Quest 3

* Input parameters
are controlled by
hands

« We can add an
immersive scene

* Wireless AR/VR
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Interactive Digital Twins? Yes!

* Examples

o Aeronautical — interactive aircraft
aero design in the RBF Hangar

(Fluent)
o Space — structural optimization of
the CUSP CubeSat in the virtual 9
lab (Mechanical) T | Moseonal
o Automotive — aero optimization o i
of a sedan car in the RBF \
Autosalon (Fluent) T——
o Healthcare — aneurysm repair ) A 3% i D &x
(LS-DYNA)

\nsys "
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Open Parametric Aircraft CONFERENCE
Model (OPAM) testcase

e Parametric CAD model of the
OPAM, an aircraft model

inspired by the Boeing 787-800
Dreamliner

* 6 shape parameters are
considered 66 snapshots
generated

* CFD solver: Ansys Fluent

| Asectr | Sweep | _Aphab Alpha

Range 8+10 33 = 37 =5 = = 0.02 = 0.06 -10 + -6 0.02 = 0.06
Baseline 9 35 -3 0.04 -8 0.04
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Open Parametric Aircraft COTIENGE =
Model (OPAM) testcase

e Parametric CAD model of the
OPAM, an aircraft model
inspired by the Boeing 787-800

Dreamliner

* 6 shape parameters are
considered 66 snapshots
generated

* CFD solver: Ansys Fluent
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Case study: Cubesat Thermo-Mechanical ~ — someomies

Optimization

* The Cubesat shown in figure is
subject to two different
thermo-mechanical load
conditions

* Eyelets and thickness
optimization through mesh
morphing

* FEA solver: Ansys Mechanical

'b‘ RBF Morph - www.rbf-morph.com 23
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Case study: Cubesat Thermo-Mechanical e

Optimization

* The Cubesat shown in figure is
subject to two different
thermo-mechanical load
conditions

* Eyelets and thickness
optimization through mesh
morphing

* FEA solver: Ansys Mechanical

/Ansys -
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 Two shape parameters are
defined in the RBF Morph
Fluids Ul

* Design variations explored
real time

* CFD solver: Ansys Fluent

le Domain Physics user-Defined
Field Functions User Defined
£ custom... £«
£ Function Hooks...
{# Units... Functions
7 Porsmeters.. | fo Named Expressions _ [ Execute on Demand...
Outline View <
Case View .
| Enable RBF Model
Filter Text
Config Number of Sets 2
- Setup
Encaps
@ General Global
@ Surfs oha
+) @ Models ! B
+ LF Mmaterials Gelts
Solve Feature
+) [ cell Zone Conditions sl
Multi-So
+) @ soundary conditions
Preview
1% Mesh Interfaces
Morph
@ Awdliary Geometry Defil
2 n g
Z
<7 Dynamic Mes Coords Buffer
Reference Values Taols 0
+) 17, Reference Frames
G Named Expressions
sampling
EH cunvilinear coordinate ¢ Edges
- Solution V| Faces
9, Methods V| Headlight
Controls | overlay
* Report Definitions Ortho
+ & Monitors Pick

@ cell Registers

©.3 Automatic Mesh Adapti|
2} initialization

+) # Calculation Activities

() Run calculation
- Results

& surfaces
+ @ Graphics
* |/ Plots

[] pashboard
+ Animations
+ Reports

Parameters & Customization
Simulation Reports

Set 1

Solution

Sedan Car Aero optimization

Results

Model Spedific
) Memory... =) 1D Coupling...
% scalars... ) Fan Model...

[ read Table...

set-1

Select Borders [0/31] [=°)

ext-windsh
ext_door_panel_lh
ext_door_panel_rh
ext_f_wh_well_Ih
ext_f_wh_well th
ext_fender_h

ext fender rh

Select Surface [231] (= (/]

ext_r_wh_well_Ih
ext_r_wh_well_rh
ext_rear_end
ext_rear_winsh
ext_roof

ext st Ih

ext st rh

The following sets are displayed:

SET 1
SET 2

2985 total points displayed.
1152 points displayed.

v Encap
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0 selected all
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Sedan Car Aero optimization

 Two shape parameters are
defined in the RBF Morph
Fluids UI.

* Design variations explored
real time.

* CFD solver: Ansys Fluent

@RbfMorph
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Abdominal Aneurysm Repair

4 TN 564 _5
{ Y 521 i
Qv "‘ 478
& / . 434
- 391
347
N § 3.04 8
| - ‘ 261
i V—
| g 217
Advennta -
w 13
o 0.868
i 0434
0

o~

: 7‘:
~')
o 5

Y ‘l/(jf

~ AN
i g\

Morphological,
CT scan Baseline Finite clinical, mechanical

segmentation Element case parameterization

AAA patient

case ROM Build-up ROM exploitation

\nsys rOFf \nsys /Ansys

LS - DYNA
ﬁ pgthon‘ TWIN BUILDER TWIN BUILDER
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MeDiTATe Endovascular
Abdominal Aneurysm Repair

Input Reduction Ii Build | T, validate % Evaluate | 4
Available ROMs
¥ ROM_200_training_correct
Delete Rename
ROM Information
Name ROM_200_training_correct
Parameters (fields) : 7 (0)
Learning Snapshots : 200
Output : 39 modes
Version : 2022R2
Export to Twin Builder
Evaluate ROM

Input parameters ;

trans_bump

Parameter [ Value l =2
Aortael -5 [1.72685e¢000 =
it — f———[001417er04 =]
phi _|[099357e03
theta

2.49855e-01 o

d

|
el
i 2819540400 ] ~|

| 3

Save snapshot

rbf

Q|m

Points Size factor: _]—

[0.07

ROM_200_training_correct

Deformation (mm)

10

9.23
8.46
7.69
—16.92
=—16.15
= 5.38
= 4.62
=1 3.85
= 3.08
231
154
0.769

Views :

4 Component:

Ul fom <

IV | FullModel
3

MEDITATE
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MeDiTATe Endovascular MEDITATE CONFERENCE -z
Abdominal Aneurysm Repalr

« FMU are translated to
ARM

 Meta Quest 3

* |nput parameters are
controlled by hands

* FEA solver: LS-DYNA
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Conclusions and next steps

* Interactive Digital Twins? Yes!

« We have a complete workflow based on Ansys products:
o High fidelity solvers (Mechanical, APDL, LS-DYNA, Fluent)

o Twin Builder
o RBF Morph

* The approach is generic, surface-based, we work with FMU and stl files
« We support ARM (Android), we are now considering Apple VisionPro
« Wireless AR/VR

« We are extending our implementation to volume results (internal stress,
streamlines)
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Thank you!

marco.biancolini@rbf-morph.com

m linkedin.com/company/rbf-morph

&fg youtube.com/user/RbfMorph

—

@ rbf-morph.com
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