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Introduction and Aims

0 Tessellated mesh model commonly used in Reverse
Engineering applications, Digital Replication for Rapid
Prototyping, Computer Graphics

O In some cases, mesh model can be used as it is,

. instead, in several other applications, it needs to be post-

[P |

processcu

—I> Geometry reconstruction is a very
- time consuming task

O During the re-design stage, continuous geometry changing
are needed

> An interactive tool is then welcome

EUROPEAN COMSOL CONFERENCE 2009 - Milan October 14-16, 2009 Franciosa, P., Gerbino, S.




Introduction and Aims
PRIN Project* 2006-2008

[[ Imported Tessellated Model ]

Reverse Engineering Technology

User Interface ------------oooooo oo .

>[[ View Geometry ]]

v

Updating Geometry (Free Shape Modeling)
Morphing Mesh Procedure

l

Running Numerical Simulation
Fluid Dynamic Simulation

Re-design loop I

_______________________________________________________________________________________________

*PUODARSI - Product User-Oriented Development based on Augmented Reality and Interactive Simulation
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. In this work
] Re-design loop:

v Free Shape Modeling (mesh-based)

v" Running Numerical Simulation

v Viewing Simulation Results-Updating Geometry (interactively)

1 Comsol Multiphysics® - Matlab® Integration
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Free Shape Modeling

O Aim: update geometry interactively (mesh-based)
0 How: by picking few control points from the imported geometry

O Solution:...

... Morphing Mesh Procedure

4 Defining control points

v' User input (picking from graphical interface)

4 Defining influence hulls

> v' User input (ellipsoid domain)

4 Defining weight function

v' User input (based-bezier shape)

0 Merge Shapes
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Morphing Mesh Procedure

How it works — Weight Function
Q Defining control points
v' User input (picking from graphical interface)

Q Defining influence hulls
> v' User input (ellipsoid domain)
Q Defining weight function
v' User input (based-bezier shape)

[ I based-bezier shape

a’*fé‘ré‘gi“g&&‘g based-bezier shape

original shape

influence hull

based-bezier shape
control point

based-bezier shape

EUROPEAN COMSOL CONFERENCE 2009 - Milan October 14-16, 2009 Franciosa, P., Gerbino, S.




Morphing Mesh Procedure

How it works — Merge Shapes
(AP, =W(P; )-M

O Merge Shapes
v Evaluating M matrix ) APcz :W(PC ).M — AP —W(P )'M
(O Cc

\APcr :W(Pc )'M

Control shape #1

Control shape #2

Control shape #r
Weighted sum

... morphed shape depends
on influence hull size
and weight function
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Running Numerical Simulation

Fluid Dynamic Simulation

O Fluid Dynamic simulation

v' Laminar Navier-Stokes Comsol® Application mode

v' External flows

d Create geometry

v' Converting mesh geometry to Comsol® geometry object

» In Comsol® importing procedure may generate some errors,
that user cannot easily control

= Internal Comsol® functions (“face3” and “geomcoerce” used)

v' Creating fluid geometry domain (bounding box)

J Run simulation
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Matlab® Programming
ProMESH

I Werices: l:l

unit: mm

ROLVE MEML
SOLLITICH
— Create 50 Wesh

M Faces:

— Boundary Conditions

EDIT Palygons

Thickness:

MORPHING

BMD D1 v |:| Weloity: I:
BND D ... v |[452 | pressure: [

Global Size:

EDIT Bounding Box

— Subdomain Conditions:

o]

Yiscosty (Pats

— Solver (Comzol Multiphisica®) ——}

RUM SOLUTION. .

Etto

— Criefiation

4 | >|| oo ‘
vl | [on
= | [or
— Scaling

[ ] |

QPTION
— Cption STL

(&) Shaded () Wireframe () Hide B. Box

() Show Geometry

() Show STL

SOLUTION

GET GEOMETR™ ..

GET 30 MEZH..

EXPORT...

Max fterations

PREVIEW
Preview Stream Lings

FREWIEWY.. n. stream line;

Interface

-} PRE VIEW RESULTS - Velocity Stream Lines (

Morprerg mach
shimagid Furchon

=MEIGHT

Control Points:
— Selected Points

HODE ID: 1

PICK .

— Elipzoid Radius (Manusl Scaling)
a4 Il [5 10808
1 +| 01oE28

— Elipsoid Orlentation (Manusl Scaling)
| [ —C
[
2 —

— Morphing Curve ———
Ereak Point

A e

Worph hssh
— Option
(@ Move only Selected Points
O Move all Poirts

[Returnta... Mesh 1D 1 vH MORFH

EUROPEAN COMSOL CONFERENCE 2009 - Milan October 14-16, 2009

Franciosa, P., Gerbino, S.




MatLAB® Programming

ProMESH Interface - Movie

ProMESH 3.0

by P. Franciosa, S. Gerbino
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Applications

Imported Closed Domain

. Max: 199,136 Ma: 21,708 M 2L78
Inlet velocity 16.0 m/s i N
Outlet pressure 0.0 Pa 150 " 1
Shape function linear ¥ 1
Density 1.19 kg/m3 F &
= 10 1n
Dynamic viscosity | 1.85-10° Pa-s " .
Max: 20,66 Man: 190,76 Maxe: 210 -50 e} >
2 1] I I IU
Min:-79.719  Min: 1.649-6 Min: 0
18 1= 16 (m/s) (Pa) (m/s)
16 ]

Max: 195,00 Max: 22,646 Max: 20,394

12 1z 20
10 - 10 & 20 ®
- 150
n 4 —
= 6 [ : .
e B ' = 1 15 -
o - | = - * b 2
- - 2 =0 2 “§ 5 - N
o e 10
Min:0 Min: -70 277 Min: 1,921e-5 &
(m/s) (Pa) (m/s)
o Ll
- - 5 4
L - i L
... original geometry: sphere :

Min:-82.08 Min:0 Min: 1.02e-5

( D=100m m) (mis) (Pa) (mis)

5

[=]
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Applications

Imported Opened Domain
Inlet velocity 1.0 m/s .
Outlet pressure 0.0 Pa :
Shape function linear & -
Density 1.19 kg/m?3 L
Dynamic viscosity | 1.85-10° Pa-s
W
Thickness 5.0 mm :
Max:0.696 Max: 1.283 I I-OI2
Min: 6.407e-7 Min:-0.265
1.2 (Pa) (m/s)
0.6
Max: 0,756 Max: 1.373
0.5 1
0.7
0.4 1z
0.8 0.6
10.3 0.5 A
. 0.6 L4
0.8
0.1 0.4 0.3
o 0.2 1LE
01 o 0.1
0.4
0 1]
Min:-0.202 Min:9.51e-7
Pa) (mis) 21 :
-0.2

... original geometry: planar surface
(bxh=200x100mm) (Pa) (mis)
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Final Remarks

O Morphing Mesh for free shape modelling

v' Control point
v Influence hull
v" Weight function

d Matlab®-Comsol® integration
d ProMESH tool to easily manage tessellated models

v Imnnrtinn taccallatad mndale
HNPUNuniy tcosTialcl 11iuvuUcio

Morphing geometry
Running simulation
View results & updating geometry

<N N

Future Improvements:

O Decimation algorithm:
v' to easily manipulate imported tessellated models

d Re-meshing (mesh optimization) algorithm:
v' to improve mesh quality of imported tessellated models
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Thanks for your attention!

Questions?

pasquale.franciosa@unina.it

Salvatore Gerbino
salvatore.gerbino@unimol.it
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