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Radial Basis Functions (RBF) e
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Interpolators in B &
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 Data science problems
o Inference R™ = R™

o Gaussian RBF is recognized as the "RBF
neural network”

o Useful for surrogates in optimisation

3D space manipulation (shape
deformation, data mapping)

o Field manipulation is a key enabler for
geometric intelligence

o Mapping is a key enabler for multi-
physics and as a “morphing extender”
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Shape optimisation
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RBF Mesh Morphing

« We adopt Radial Basis
Functions (RBF) to drive mesh
morphing (smoothing) from a
list of source points and their
displacements

o Surface shape changes
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o Volume mesh smoothing e
- Fast Radial
« RBF are recognized to be one R ?Z%‘E@‘iﬁigﬁ?;
of the best mathematical tool ppplicatios
for mesh morphing
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Parameter-based shape il
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optimization
* Morphing is a key

ena.bler fOr it[;f;?o“n Conventional approach RBF's morphing approach
Optl.mlzatl.Oﬂ and 1 Geometry ~ JUMESHINGI>  Solving Geometry _JUMESHINGIP  Solving
Digital Twins _ ——
2 Geometry  JMMESRINGIP  Solving £ Solving
* The turnaround 3 Geometry ~_JUMESHINGIP  Solving ™ E Solving
time of the 4 Geometry ~_JMMESRINGI  Solving 'b‘ % soling
optimization is 2
usually reduced by  «  coneny TR ol g Sohing
a factor five (weeks
becomes days)
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BGM Background

\nsys
partof SYNOPSYS'

BGM approach is based on the
observation that biological structures
growth is driven by local level of stress.

Bones and trees’ trunks are able to adapt
the shape to mitigate the stress level due
to external loads.

The process is driven by stress value at
surfaces. Material can be added or
removed according to local values.

Was proposed by Mattheck & Burkhardt
in 1990
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Ty = 1,749 MPa

max gyy = 12,079 MPa
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Parameter-free shape
optimization

* The BGM idea is that surface growth can be expressed as a linear law with
respect to a given threshold value:
€= k(O-Mises - O—ref)

« Waldman and Heller refined this first approach proposing a multi peak one:

Dlgltal Englneerlng Duy Roma
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th

I th e th j
d; = m -5, o; =max(o;)ifo; >0  or o —mm(o')lfO' <0
ot

1

* A different implementation is present and different stress types can be used to
modity the surface shape:

Onode — Oth
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An industrial example
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« RBF Morph, Piaggio and University of Rome Tor
Vergata supported by Ansys

 Topic: Structural optimization of a Piaggio 4-stroke
engine connecting rod & piston

« Methods: Parametric mesh morphing + BGM Method
within an Ansys-based workflow

=

TOR VERGATA -
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« Outcomes: A team project for the course Tecnica
delle Costruzioni Meccaniche (Advanced Machine e M \nsys & o ok

Ottimizzazione strutturale della biella di F . . .
. y Ottimizzazione e analisi a fatica del

1 motore a quattro tempi: dalla ~ . S N
simulazione FEM ad alta fedelta plStOﬂe di un motore Plagglo 150cc

Design) and a bachelor degree thesis [l

Barbagelata Filippo, Cafolla Fablano, De lacos
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Connecting Rod Optimization
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 Lower peak stress at constant mass — or same stress with less mass
* Increase safety factors and fatigue life and getting lower emissions
* Fast, reliable evaluations through a static ROM

* FEA (Ansys Workbench): stress/modal/fatigue checks

 Shape update: RBF-based mesh morphing

15
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Connecting Rod Optimization

Big Eye
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Worst load case:6500 RPM, o=344.7°, B=-4.5°

DP113: minimum stress (-1/,4%)

DP119: minimum mass (-21,0%) 113 1.239 0.787 -0.087 1.102 0.781 0.995 0.954
119 1218 0.765 -0.146 1.003 0.900 0.903 0.952

DP P1 P2 P3 P9 P10 P11 P13

DP oy [MPa] Vi [mm?] Ao [MPa] Ao (%] AV [%] Axg [mm]

H_ Original design

113 455.4 18016.4 -95.6 -17.4 0.9 -0.6
119 542.0 14110.9 -9.0 -1.6 -21.0 4.4

Minimum mass

Minimum stress

UNIVERSITA DEGLI STUDI DI ROMA

\nsys : TOR VERGATA @
partof Syn[“:isysie 'b‘ P I AG G I 0 W7



Piston BGM Optimization

 Uniform pressure on the piston crown e

2 @ EoreemDats ‘, *2 @ oo v *2 @ voie

* Frictionless contact between the cylinder liner and | e
piston skirt \
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* Frictional contact between the wrist-pin (qudgeon pin) |
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L
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Piston BGM Optimization - Results il B
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Digital Engineering

TOR VERGATA

oevs (O




: 7 i, N g

Digital Engineering Applications i
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- Digital Twin — digital replica of
asset useful at design and
operation Y

« CAE adoption is evolving: single
verification, design variations,
automated optimisation,
parametric space exploration
(snapshots)

* Machine learning is the Sraph
reference for «Al» based approach — e=(&&)¢ce

 High/medium fidelity simulations
allow to generate the training
data: synthetic datasets
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Full order model Reduced order model

Automatic (3D U-net)
seqmem-non
3D model
ll __LLL [
108

'ssure [mmHg]
Shape
RBF Mesh ,=>l=° topological ROM Reduced order
rid = reprnemaﬂon uslno + =§
Morphing g lest squares fitting interpolation results

Baseline CFD simulation
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ROM building and validation vt FEM (N) _ovar ROM (N) Aovar %

« 20 modes DP113 455.36 456.52 -0.26
DP119 542.04 566.00 -4.42

* 80% training set, 20% validation set

*  Maximum ROM error: 7%
X | . (0] Stress (MPa)
750
Delete Rename 692
635
ROM Information 577
nnnnn ses 519
« 462
404
uuuuu s
zzzzzz 346
288
231
| Export to Twin Builder ‘ 173
115
Evaluate ROM 57.7
0
RBF Region-rob-thickness Scaling y
RBF Sourcerob-big eye Scaling x
RBF Source-rob-small eye Scaling y
Save snapshot ‘
ROM Error Prediction
Reduction error - relative :3.9 % 0 200602 40002
Interpolation error - relative - 7.56-13 %
=>ROM error - average absolute error : 3.7 MPa 1.00e02 3.00e:02
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Thermo-Mechanical Interactive
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

\nsys 'b‘ = 0 TOR VERGATA
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Thermo-Mechanical Interactive gg(:ym
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

\nsys 'b‘ = 0 TOR VERGATA
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» Radial Basis Functions help Digital Engineering by providing
geometric intelligence and an effective inference tool

« Parameter-free and parameter-based shape optimisation is possible

« An industrial example, fatigue optimisation of a connecting rod and
a piston of a scooter engine, has been demonstrated

« Roadmaps toward an Al based approach were discussed
* Interactive VR implementation has been shown
 TRL of the solution? Everything is part of Ansys portfolio...
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The advanced morphing W

Digital Ehg_ineering D%iy Roma

SO I § t i on se I e Cte d by A N Sys P m ~ SRR T——

An RBF mesh morphing solution fully
embedded in Ansys

o Ansys RBF Morph Fluids — an Add On for Fluent

o Ansys RBF Morph Structures — an ACT App for Ansys RBF Morph

Mechanical \nsys
¥ Fuids partof S‘/"UPS‘/S®

L Structures

* Full integration with optiSLang and Twin Builder

Support for LS-DYNA and APDL
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Many thanks for your attention!

marco.biancolini@rbf-morph.com
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