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RBFMorph is a pioneer and world-leading provider of numerical morphing
techniqgues and solutions conceived to efficiently handle shape
optimization studies concerning most challenging industrial applications.

We are an independent software-house and vendor. Our main product is
RBF Morph E , that is a uniqgue morpher that combines a very accurate
control of the geometrical parameters with an extremely fast mesh
smoothing properly designed to be integrated in advanced computational
optimization procedures.
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The RBF Morph tool is currently
avallable in the market mainly as add-on
of the CFD commercial code ANSYS
Fluent®.
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(fof-morph) Comp'?ny Introduction

The RBF Morph tool had its inception in
2008 as on-demand solution for a Formula
1 top team. The need was a novel
technology able to change the shape of
large CFD numerical models as fast as
possible. The final result had been so good
that the technology was packaged in a
commercial software product and launched
onto the market.

At present, Dr. Marco Evangelos Biancolini is the unique owner of the
RBF Morph technology and, as Director, avails himself of the
collaboration of several experts for the deliver of products and services.
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A Morphing-based numerical tools and services
A RBFMorph Milestones

V 2008: tool implementation for Formula 1 top team consultancy

activity
V 2009: founded in Italy ENGIN
V 2009: Software Partner of ANSYS SOF'_
V 2009: at EASCRBF Morph won the Most Advanced Approach
Award Most Innovative Approach using Simulation Methods
V 2011: strategic partnership  with Tor Vergata University
" -
(Rome) ea sc
V 2012: OEMpartner of ANSYS
EUROPEAN AUTOMOTIVE
V 2013: beneficiary of an FP7 AAT Project RBEMAERO
V 2013: at ASWCRBF Morph awarded for the Best use of HPC
V 2013: Partner of Enginsoft Automotive
- ; Simulation
V 2014: beneficiary of FP7 Project RIBES World a
V 2014: beneficiary of FPT Fortissimo ;
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Welcome to the World of Fast Morphing!

A Awarded mesh morphing software
available as an add-on for ANSYS Fluent
CFD solver

A HPC RBF general purposes library (state
of the art algorithms, parallel, GPU)

A Stand alone morphing software +
smoothing commands for different mesh
formats

A ANSYS Mechanical ACT module (first
release planned in June 2014)
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A Add on fully integrated within Fluent (GUI, TUI & T
solving stage), Workbench and Adjoint Solver 28

A Mesh-independent RBF fit used for surface
mesh morphing and volume mesh smoothing '

[pd Parameter Set

A Parallel calculation allows to morph large size

models (many millions of cells) in a short time | T Tr——
= RBF-Moarph 2 & Design of Experiments v 4
A Management of every kind of mesh element type |7 ;g
(tetrahedral, hexahedral, polyhedral, etc.) —
ﬂfﬁfl Re;aluﬁon ™ o5 -
A Support of the CAD re-design of the morphed e [
surfaces || Emmel
giﬁight Z(m) ’oi
2 ‘ i (Setp Frompars
A Multi fit makes the Fluent case truly parametric oer] e | Yo
(only 1 mesh is stored) B @l | e
z(m)lli DZ(m) [g,01
e tem [1 @ [Goman-t Modfy [+ J[- ]
A Precision: exact nodal movement and exact R —
feature preservation (RBF are better than FFD) Sy o s Lt o o
| Finalize | | Display || Preview | | DispPts || Prevpts | | SetThr || DispThr || Reset
(Cox | (osslay] [osly | [Update] [Cancel] 1k |
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Welcome to the World of Fast Morphing!

A Deeply integrated in ANSYS Mechanical:
same look & feel, same interaction logic

A Nested in the usual Mechanical tree as an
added object, shares its scoping tools for
geometrical and mesh elements selections

A Written in python and xml, uses external
RBF Morph core libraries

A Child hierarchical logic for complex

morphings( t wo steps, thr
steps setups)

Ll o ot Ll I L

........ ./% Mesh -1 Node selection
E| 7J RBFMorph elements Scoping Method | Geometry Selection
: EI v & Chl|l:| Entity I Apply Cancel _ ||
....... . ’ Child Entity 2 =|| Definition
i ( ’ Child Entity 2 delta_x 0
iy & Child Entity deltay 0

= 7E| Static Structural (A5) delta_z 04
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Welcome to the World of Fast Morphing!

A RBF solutions are fully compatible and exchangeable between add-on and
standalone versions

A Support for STL and CGNS file formats. Selected morphed surfaces can be
exported in STL format and back to CAD is possible via STEP files

A Ad d -0 n _I I ke inte rface RBF Morph : DLR-F6.cgns

Eile Options Display Help REBF_Maorph
= Bl =< [0 lE &~ =

A Solver independent process -
currently supports many P,

nnnnnnnnnnnnnnnnnnnn
mesh formats B g
BC1_on_MACEIN
B BC1_on_NACEOUT
—EEBCT _on_PYLON
- - - C1_on_SVM
BC1_on_IN
A Functions scriptable via tcl B
TOP

_on_
IO BC1_on_SIDE
[~ BC1_on_NOSE

A Global supported bi-harmonic = Z==a=
functions and C°, C2, C4

—EABCT_on_WINGLE

compact supported functions &%
available o

O JEMFNU D U [Coir
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Welcome to the World of Fast Morphing!

A RBF Morph and Adjoint coupling:
Adjoint sculpting, Adjoint preview,
Augmented DOE

A STL targeting, CAD controlled surfaces
A Mesh to CAD features

A Mapping of magnetic and pressure
loads

A Interpolation of hemodynamic flow
fields acquired in vivo

A Strain and stress calculation
(experimental data, coarse FEM,
Isostatic lines)
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(rbf-morph) RB F4AAERO EU Project

RBF4AERO * - L E
: ){.

ARl nn o vBenhchnvask
Technology for Aircraft
Engineering Design and - . _
Efficient Design Phase : o
Optimisationoi - e

ACP3-GA-2013-605396

A www.rbfdaero.eu

=L

RBF AERO * -
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A Radial basis functions at JP—
fluid Interface Boundaries ’ ——
to Envelope flow results
for advanced Structural
analysis

JTI-CS-2013-GRA-01-052

RIBES &

w < <
CLEANSKY
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(tof-morph) Fort|5f|mo EU Project

A Factories Of the Future >
Resources, Technology, I 4'Y a7
Infrastructure and Services for ( Y (_ &

SIimulation and MOdelling . \
A Approved experiment: i Vi r t u a Nanna e

Automatic Rapid Prototyping
Based on Fast Morphing on
HPC Platformso

HPC PLATFORM user

Adjoint Analysis = morphing =» CFD Analysis Optimised CAD

T Sha ¢ Optimised
Numerical model —=— CFD Analysis .. t?ons optimization ——=3 nuUMeri ical model

A

FORTISSIMO
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Industrial Applications

2014 ANSYS USERS MEETING
May 2014 - Milano, Italy

www.rbf-morph.com I\NSYS

RBF Morph, an ANSYS Inc. Partner




(rbf-morph) NEg

Welcome to the World of Fast Morphing!

3/4t™ (Top)
Section

o
9

|
)

> 9 S
gt
lt_rlJ y) 1/4™ (Bottom)
l_vj 8 Section
x 4
_— @
= :j ------------------------------------------
O =
>
IEI .d
RS

ty

S

Ill

e

Trim (lgn
[

niv

' e
3 University

1)' :) B e e Yacht and superyacht
'Fj consultancy and research e
Nepe-)

S

school of marine science and technology ignazio.viola@ncl.ac.uk

www.rbf-morph.com I\NSYS

RBF Morph, an ANSYS Inc. Partner

2014 ANSYS USERS MEETING
May 2014 - Milano, Italy

Tor Vergata



(tbf-morph)

Welcome to the World of Fast Morphing!

o PIAGGIO//j

IIE

— AERO

D)

12

CCE

on of sw

lzatl

LNLZ

Morphing Prev

| O [3'[

T T P

2014 ANSYS USERS MEETING

www.rbf-morph.com
May 2014 - Milano, Italy

RBF Morph, an ANSYS Inc. Partner

Tor Vergata



- __/
(rbf-morph) - vegggwcs

Welcome to the World of Fast Morphing!

C

L

3
20 ;
i o ¥ 3
: ‘ )
| — e
e + o :
« - 3 =k :
ol > m R v o
13 v =y ! 3

am

QNN OT N&ECE

o WBNP - Fluent

1.0 “  WBNP - FLue,

1 ® T X T \ 1 i T o Ll B T A T o T y T
OdERB0S01 02 03 04,05 06 07 08
x/c

COnsu! tHI}’. i ESIEN, operaton & maintenance en gIneenng

N \
= x
B — ‘
|
|

Ot

2014 ANSYS USERS MEETING
May 2014 - Milano, Italy

www.rbf-morph.com I\NSYS

RBF Morph, an ANSYS Inc. Partner




(rbf-morph)

Welcome to the World of Fast Morphing!

CGO

, Volvo)

¢t Volvo X
&

'
=
l_)d
O..:

>
Vs

NVERGENCE

20 |
S

50:
(AN

0

L)

2014 ANSYS USERS MEETING
May 2014 - Milano, Italy

www.rbf-morph.com
RBF Morph, an ANSYS Inc. Partner

Mll REGIONAL (Olfllllt

Prior
aerodynamics
optimization
processes have
either achieved
speed at the
expense of
accuracy and
extent or vice
versa

The goal of the
current work is to
achieve speed
without
compromising
accuracy or
extent
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(fbF-moeph) Adjoﬁwt Key Ideas N

A An adjoint solver allows to compute the
derivatives of an engineering quantity with
respect to the positions of all the nodes of the
iz 2l -

A Post-process the adjoint solution allows to get
A Shape Sensitivity
A Contour & Vector plots of sensitivities ._f‘ 1=

A Coupling with a mesh morpher allows to full
exploit sensitivity data

: o i
A An FFD morpher comes with the adjoint solver ...

A RBF Morph is an excellent companion to take
advantage of adjoint sensitivity data!
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(¢of-morph) Possible strategies

A Adjoint self sculpting

A Adjoint preview (Sensitivity analysis with imposed
shapes)

A Augmented-DOE
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Welcome to the World of Fast Morphing!
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@NVERGENCE

A Adjoint shape can be captured by
RBF Morph

A The morphing action can
accurately controlled (Box,
Points...)

A Multiple fi s ¢ u | ghdape madlifications
can be combined

be
Surfs,

A Optimized shape can be exported
back to CAD

A Shape data can be transferred to a
different model (the method is
meshless)
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A Nodal sensitivities are used to compute the sensitivity
with respect to shape parameters

A A single adjoint solution can be used to analyze the
observable change introduced by many imposed shape
variations

A The computational cost is unaffected by the number of
shape variations analyzed!

A Shape variations can be easily defined and blended
together using RBF Morph

A Derivatives are available at a given state of shape
parameters (i.e. after morphing)
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Welcome to the World of Fast Morphing!

A Adjoint derivatives with respect to shape parameters
allows to enrich the response surface with tangent data

A Each full computed points of DOE (CFD+adjoint) comes
with the value of the response and all the local
derivatives

A Example: with 9 shape parameters10 augmented DOE
runs produce the same information of 100 CFD runs. The
cost of the adjoint update is twice of simple CFD so a 5x
speed-up can be achieved.
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rluent Adjoint Coupling Exarnple:
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Welcome to the World of Fast Morphing

A Manifold system ¥

A Shape information coming
from the Fluent Adjoint 40
morpher are used to control
the shape

A A single adjoint (baseline
shape) is used to define
shape modifications in two

locations
A New shape modifications Ky
can be combined as usual
Mesh ANSYS Fluent 14.5 (3d, ::f?:t?:s',zflgeﬁ
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A 90 deg bend optimization

A New shape is sculpted
using adjoint data

A Original geometry (2
cylinders and a torus) is
transformed in NURBS

A NURBS are morphed
using the back to CAD
tool of RBF Morph
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