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A short introduction of RBF Morph technology and company
* Typical usage scenario and applications

* The solution offered in combination with ENGYS

* Examples

« What's next?

 Conclusions
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A quick introduction of RBF Morph
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Shape parameterization strategy s

« Geometric parameterization by
mesh morphing

* The principle is to take the
control on a set of point and to
transfer the deformation to the
whole mesh

* A new shape of the CAE
model ready to run

o for structural analysis in the FEA
solver

o for flow analysis in the CFD solver

RBF Morph - www.rbf-morph.com
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Radial Basis Functions mesh Ll
MOrphing b cionch

« We offer Radial Basis
Functions (RBF) to drive mesh
morphing (smoothing) from a f

list of source points and their ,
displacements ’,!
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* RBF are recognized to be one
of the best mathematical tool
for mesh morphing
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'b‘ RBF Morph - www.rbf-morph.com
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Radial Basis Functions mesh
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

Frankfurt, Germany
23 to 25 October 2023

= s 2 3 www.rbf-merph.com

'b‘ RBF Morph - www.rbf-morph.com
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Radial Basis Functions mesh
Morphing
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» NO re-meshing

'b‘  Can handle any kind of mesh
 Can be integrated in the CAE

[%l solver (FEM/CFD/FSI)

 Highly parallelizable

* Robust process

* The same mesh topology is
preserved (adjoint/ROM)

* CAD morphing (iso-brep)
'b‘ RBF Morph - www.rbf-morph.com

www. rbf-morph.com
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RBF Morph

Ansys ACT for
OEM Mechanical
partner released
RBF Morph  Coupling with
Technical “Most Advanced  RBF Morph ACT in the ROM for RBF Morph support RBF Morph
Partner of  Approach”  Stand Alone EC Project ANSYS App - Digital twin for L5-DYNA EIC RBE2CAD New Stand
Ansys Inc.  recognition released RBF4AERO Store Alone

! ! ! !

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 201/ 2018 2019 2020 2021 2022 2023

¢ ¢ O O

Fluent RBF Morph Winner Start Honorary Winner of ANSYS EC Project Ansys Select RBF Morph Fluids
Customization Module for Cup Lazio member of Hall of Fame Cloudifacturing Technology Partner ~ and RBF Morph
for a Formula Ansys Fluent Technet (nautical field) Structures
One Top Team released Alliance

First industrial
application combining
DesignXplorer and RBF

Morph

'b‘ RBF Morph - www.rbf-morph.com
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Ansys RBF Morph products

23 to 25 October 2023

. . , ~8 1% = /Ansys
* An RBF mesh morphing solution fully embedded in oW,
= @

Ansys
Ansys RBF Morph \
nsys

o RBF Morph Fluids — an Add On for Fluent

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

rbf



https://www.rbf-morph.com/wp-content/uploads/2023/05/RBFMorph_Brochure.pdf
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RBF Morph Stand Alone semicured

I —— * Released in 2011

« Read in STL and CGNS file
formats.

e * Solver independent process
. that supports many mesh

5| L formats
S o » Scriptable via tc

ool : « Same working approach of the
Fluent Add On

'b‘ RBF Morph - www.rbf-morph.com
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New RBF Morph Stand Alone S

To be (hopetully!)
released in 2024

« Read in STL, STEP
* Unity - OpenCascade

* Solver independent
process that supports
many mesh formats

» Scriptable via python

* Same working
approach of ACT for
Workbench

RBF Morph - www.rbf-morph.com
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We make CAE models parametric et

* RBF Morph makes
the CAE model

para metric 9" Conventional approach RBF's morphing approach
o Shape parameters | Geomery SNBSS croncry SHERED sois
are driven by an 2 Geomery JSNSRRGHN  Soing £ souno
orchestrator S Geomery SIESHRGNID " Sohing ‘ § soming
o Shape parameters ~ * ceomery SMSIER 'b B o
can be used to :
enerate snapshots ~ © Geomeny JMESHRSNI ol 5 song

or real time Digital
Twins (ROM/AI)

'b‘ RBF Morph - www.rbf-morph.com
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Parameter-free shape optimization JEVEL}x
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* The new shape can be
guided by the CAE
solution itself (organic
shapes)

o Coupled with the CFD
adjoint solver

o BGM (Biological Growth
Method) optimizer in
FEA solver

Oy = 1,749 MPa

max oyy = 12,079 MPa

rbf



Ay o A craffEng life.extended!
25% stress reduction




Parameter based mesh morphing
(design points/snhapshots)
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« Morphing regions are
identified and added to the
tree (volume mesh)

fie Bt Y U Sools iy e
AT T LY e
I o etiems A Closs Vertuio

W entieme  Op e e A Karete
P R

* Surface are controlled by
moditying two closed
curves

* Design points are
computed by changing the
two parameters to achieve
the optimal design




5% more wingwe ficiency
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Parameter based mesh morphing UGM2023
(design points/snapshots) o
+ Morphing regi
dentified by fiiid zones
or by user defined
domains

e Surfaces are controlled by
two sculpting tools
(cylinders)

* Design points are
computed by changing
the two parameters to
achieve the optimal
design

T g
Loy

Baseline

rbf
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Typical usage scenario and applications

'b‘ RBF Morph - www.rbf-morph.com
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Main uses of RBF Morph e e

L — ——

Automated and quick variable design space exploration.

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

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

'b‘ RBF Morph - www.rbf-morph.com
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'b‘ RBF Morph - www.rbf-morph.com



wrengys

UcM2023

EU-funded research projects A
RBF/AERO * *

- Q Cloudi ¥

v BGCUE o RES Facturing (X

© wronson SRNET
) EUROfusion Sl]= ..? 4] EuroHPC

next generation spine experts MEDITATE

'b‘ RBF Morph - www.rbf-morph.com



Exhaust manifold
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Balanced flow and 8% less pressure drop

RBF Morph - www.rbf-morph.com
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444444

Lamborghini Aventador
engine air box

Optimized
-5.9% pressure drop

'b‘ ” https.//www.rbf-morph.com/wp-content/uploads/2015/12/HSLCAE-CONEJO-07NOV.DAf Rt worph - v rbf-morph.con



https://www.rbf-morph.com/wp-content/uploads/2015/12/HSLCAE-CONFJO-07NOV.pdf

e FSI winglet eiiiggraiilely T
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Range éxtended by 12%

.
'b‘ RBFMorph=www.rof=morp.com



RBF/AERO ’,Sé : V6112023
Alpha Electro Propeller ) [—

« Mesh morphing for shape
parametrization of numerical grids
(CFD/FEM)

* FSI based on mapping and modal
superposition

 Performance of the propeller are
optimised for the specific needs of
electric propulsion (+4%
efficiency)

'b‘ RBF Morph - www.rbf-morph.com



Medical Digital Twin 2. el veiiz023
Copernicus < e et

f AUTOMATIC 3D MODEL CREATION AUTOMATIC PARAMETRIC CFD MODEL \
» GENERATION AND HPC COMPUTING

. B ‘.\ - uy, W A/_‘ |
Parametric 33 o e
- CFD case ‘ u".—l-‘ W
setup
Twin generation
g with HPC /

Digital
Twin inspected
in real-time
: Q e
DICOM from was ' PDF3D L B - 4/ EuroHPC
clinical ::: ::: shunt } e ===
exams ::: ums “ assignment " ' ::: T
w "N w
INPUT: MEDICAL DATA OUTPUT: RESULTS FOR DECISION SUPPORT

'b " https://www.ff4eurohpc.eu/en/experiments/2021070910512579/cloudbased hpc platform
' ' ' — RBF Morph - www.rbf-morph.com

to support systemicpulmonary shunting procedures



https://www.ff4eurohpc.eu/en/experiments/2021070910512579/cloudbased_hpc_platform_to_support_systemicpulmonary_shunting_procedures

Medical Digital Twin 2. e vervizozs
DITAID B o P

From lung scan to medical use

;‘4 ; EuroHPC

RBF Morph - www.rbf-morph.com

1) Scan of lungs 2) Extraction of lung 3) Digital twin 4) Visualization and interpretation
shape parameters for medical use

b‘ " https://www.ffAeurohpc.eu/en/experiments/2022031514424665/digitaltwin for airflow an
' d drug delivery in human airways



https://www.ff4eurohpc.eu/en/experiments/2022031514424665/digitaltwin_for_airflow_and_drug_delivery_in_human_airways
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The solution offered in combination
with ENGYS technology

'b‘ RBF Morph - www.rbf-morph.com
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HELYX Mesh Morphing e

« RBF Morph Stand Alone allows to apply defined shape
modifications to HELYX meshes according to two different

approaches:

o Surface mesh morphing: mesh morphing is applied to STL files on which
HELYX builds the volume mesh

o Volume mesh morphing: the baseline volume mesh is morphed and no
mesh built action is required

'b‘ RBF Morph - www.rbf-morph.com
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HELYX Mesh Morph
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Workflow details st Gomeny

 The current workflow is not automated yet. For each shape
modification the surfaces are controlled in the Ul and cloud of
points are exported to file

A python script reads in the cloud of points and combine them with
encapsulation boxes (at the moment hard-coded in the script)

 The script walks across the partitioned file system and updates the
nodes of the volume mesh

'b‘ RBF Morph - www.rbf-morph.com
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F1 Aerodynamics Challenge ———

* First simple mockup
we used as a
morphing
playground

* Small mesh (12
millions)

* 3 morphing actions
on the front wing
o Wing span
o Twist of end plates

o Incidence of end
plates

'b‘ https://airshapercom/fl-aerodynamics-challenge RBF Morph - www.rbf-morph.com
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F1 Aerodynamics Challenge S

e First simple mockup
we used as a
morphing
playground

* Small mesh (12
millions)

* 3 morphing actions
on the front wing
o Wing span
o Twist of end plates

o Incidence of end
plates

'b‘ https://airshapercom/f1-aerodynamics-challenge RBF Morph - www.rbf-morph.com
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F1 Aerodynamics Challenge S

e First simple mockup
we used as a
morphing
playground

* Small mesh (12
millions)

* 3 morphing actions
on the front wing
o Wing span
o Twist of end plates

o Incidence of end
plates

'b‘ https://airshapercom/f1-aerodynamics-challenge RBF Morph - www.rbf-morph.com
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motorBike Foam Tutorial bt oy

SSEILIC B R o s 5econd simple mockup

we used as a morphing
playground

-+ Small mesh (5 millions)
~ « Front width

'b‘ RBF Morph - www.rbf-morph.com
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motorBike Foam Tutorial bt oy

-« Second simple mockup
we used as a morphing
playground

* Small mesh (5 millions)
* Front width

'b‘ RBF Morph - www.rbf-morph.com
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motorBike Foam Tutorial bt oy

~ + Second simple mockup
we used as a morphing
playground

* Small mesh (5 millions)
* Front width

'b‘ RBF Morph - www.rbf-morph.com
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motorBike Foam Tutorial bt oy

- - Secondsimple mockup
we used as a morphing
playground

* Small mesh (5 millions)
* Front width

'b‘ RBF Morph - www.rbf-morph.com
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motorBike Foam Tutorial bt oy

— * Second simple mockup
we used as a morphing
playground

* Small mesh (5 millions)
* Driver position

'b‘ RBF Morph - www.rbf-morph.com
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DrivAer Surface Mesh Morphing et

'b‘ RBF Morph - www.rbf-morph.com
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DrivAer Volume Mesh Morphing et

RBF Morph - www.rbf-morph.com
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Baseline shape Cd = 0.2375 gt

'b‘ RBF Morph - www.rbf-morph.com
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Optimized shape Cd = 0.2297 =

'b‘ RBF Morph - www.rbf-morph.com
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Next Steps?

'b‘ RBF Morph - www.rbf-morph.com
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Adjoint-based shape optimization g

 The adjoint formulation
provides the gradient of an
objective function with respect
to surface displacements.

o rbf

55__59

« RBF Morph provides the
deformation velocity (adjoint
preview).

(c) underbody front

(e) mirror rotation (f) rear window

Papoutsis-Kiachagias, E. M., Giannakoglou, K. C., Porziani, S., Groth, C., Biancolini, M.
E., Costa, E., & Andrejasic, M. (2019). Combining an OpenFOAM® -Based Adjoint

b‘ " Solver with RBF Morphing for Shape Optimization Problems on the RBF4AERO s . h
' Platform. In OpenfFOAM® (pp. 65-75). Springer, Cham. orpn - www.rof-morph.com
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Adjoint-based shape optimization g

102 7T T T T 1T T T T T T T 11
= P
e 200 l
=

L =

-100
to

L I N S A R A A R A A ,
12345678 910111213141516 = 100

flow solver iterations x 1000 i

* A 7% drag reduction is observed after 15
cycles. Optimal (left) vs. original shape

(right).

'b‘ RBF Morph - www.rbf-morph.com



Drag reduction of a Indy car (-0.98%) ‘

Original shape
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Pressure drop at exhaust port ST

comawr | sontour 1
S1atic Pressure @ uc Prnanen
1.36e 04 1 Tee
7. 31e43 LR
1.88e402 b 1800
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Baseline Adjoint Optimized (-7.5%)

'b‘ RBF Morph - www.rbf-morph.com
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porpoising
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'b‘ RBF Morph - www.rbf-morph.com
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FSI Example: Indy Race Car S

Maximum displacement (mm) Maximum error (%)

5.941 8.3
5.898 6.5
5.584 2.7
5.56 14
5.555 0

'b‘ RBF Morph - www.rbf-morph.com
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Snow accretion blowing

Snow contamination pattern on the rear of a Volvo $90 driven a distance of 100 km

- Snow contamination pattern after 15-minute solo driving

; lh 1.0e-04
- 9.0e-05
- 8.0e-05
- 7.0e-05
6.0e-05
- 5.0e-05
- 4.0e-05
- 3.0e-05
- 2.0e-05
- 1.0e-05

~ 0.0e+00
Thickness[m]

'b‘ RBF Morph - www.rbf-morph.com
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Vaocty 1
| I T O e O e ST L RCCOPRRCO Oy R TR R By R O R O T L R R
150 351 152 152 154 156 156 157 158 155 160 181 262 103 164 1685 166 187 108 W0 30 17 T2 172 e 125 T8 11T R e

Snapshots collection
(80 DPs)

Static ROM details:

o Decomposition
- T T e algorithms (POD) are
B e used to reduce the
| number of variables
. o o Machine learnin
SRR R e allows to correlate
each set of input
parameters to the
output quantities

o It allows to evaluate in
real time both field
quantities and scalar
outputs

'b‘ RBF Morph - www.rbf-morph.com
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Conclusions Pt s

« RBF Morph offers a well proven mesh morphing technology

* The new Stand Alone version is already coupled with ENGYS
software

» We have a long experience (15+ years) gained in EC Projects and
with industrial applications (120+)

« At the moment we can support parametric analysis in HELYX

« We will soon support

o Fluid structure interaction
o Adjoint
o Al based solutions

'b‘ RBF Morph - www.rbf-morph.com



Thank you!

marco.biancolini@rbf-morph.com

m linkedin.com/company/rbf-morph

&'ﬁ; youtube.com/user/RbfMorph

@ rbf-morph.com
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