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Contexte du travail presente

Etude des modeles sur Catia V5

- Courbes
- Surfaces
- Analyses

Prochains ODbjectifs
Conclusions W _

Remargues préliminaires :

- Travall non terminé !!
- Document Franco-Anglais
- Valider sur certains points par D. S.
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Les spécialités enseignées

Les diplomes et métiers préparés . ‘&
- . > Electronique :
> CPGE-ATS (Vers le métier d'ingénieur) > GPI - Canception de Produits Industriels
> Les licences Pro (Bachelors) A
> Electrotechnique

> Les B.T.S industriels | > , _
> Les bacs 5.T. (Sciences et Tech Indust) > IRIS (Info industrielle)
> CIM - Microtechniques

> Le bac S (option Sciences de lNngénieur)
> Les bacs Professionnels > MAI - Maintenance et Autom. Industriels

> Le B.E.F MPMI > Traiternent des Matériaux
> Le C.A.P Horlogerie

» Microtechniques

» E.D.P.I : Etude et définition de produits industriels
> Formation initiale (Bac et BTS) > Artisanat et métiers d’art option : Horlogerie

> Apprentissage (BTS)

> Formation continue (BTS)

Les voies d'acces

http://www.gita.greta.fr/
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Licence Professionnelle « métiers de Ia production »

option

= YD e TN AT TS R o DI e B
‘@“’ e
- Gestion de la Conception et j =
s - Conception de | cOnnaissance Calculs
- Produit

>
- Travail Collaboratif

Conception -
[ Forme de style 1 Maquette Numerique

Gestion de données | Conception et
techniques Fabrication

Utiliser le potentiel de Catia V5 peu utilisé en BTS:
- Generative Shape Design et Freestyle

- Knowledge Advisor, Expert .... %

- Generative Structural Analysis

Pierre Vinter % 4
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Le style

- r

« Fournir aux différents stades d'un projet les définitions numériques 3D de la

forme du produit, formes imaginées par le style »

» Restitoer le style attendu;

» Assurer |'adéquation Style / Faisabilita,
cohérence avec les abjectifs du projek

» Permettre |'étude deSimoyens-de
validation {magquettes devalidation
numerique, maquette de validation
physique des volumes et des eouleurs et
aspeofs, Pratotypes...)

» ASsurer un niveau de gualité des
definitions numérigues gn accord avec
les exigences des folmisseurs et des
autilleurs,

» Valider les Jeux et-Afflgure ments

Définition de surfaces Class A
a partir de courbes de Bézier

Pierre Vinter
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OBJECTIFS : [ —

Paints | Tangents Dir. | Tensions Type OF Geametry | SplineCurve
Paink,1 & Axis 1 Trimrned | Mo

Mumber of components U | 4

Murnber of components 4 | =
Order by patchfarcin U | =

I Formation de niveau BAC +3 """

1 Comprendre les informations donneées
par le logiciel

1 Appliquer les notions mathématiques en
manipulant sur Catia V5

Type of geometry posted Definition
NupbsCurve ? Curve NUPBS no rational
R NupbsSurface Surface NUPBS no rational
——— wpe de création
A"alyse genmEtnque @ |F‘ar poaints de conkrdle ﬂ Nurbscurve Curve NURBS rational
de géométri NuphbsC H
e i @pm S demmale NurbsSurface Surface NURBS rational
Prés des poinks r i
bnixedbsanenksenl 11 ' ' ' PNupbs Parametric Curve rational
Mombre de segments en ¥ - [[1Me pas détecter la géométrie i
DegreeliLabel 2 Options PNurbs Parametric Curve on surface
Ordre par arc, patchen | - ] .
p— = PSpline Parametric Curve
.
=
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Modeleur parameétrique variationnel

PARAMETRAGE

POLYNOQMIALS CURVES

BEZIER CURVE

Pierre Vinter




Representations

Il N’y a pas que la

représentation parametrique

Explicit representation

Explicit form of a curve 2D :y =1f(x)

Explicit form of a surface : z = f(x, y)

Implicit representation

Implicit form of a curve 2D: f(x,y) =0

Implicit form of a surface 3D: f(x,y, z) =0

Parametric représentation

» Curve x(u), y(u), z(u)

 Surface x(u, v), y(u, v), z(u, v)

Pierre Vinter

D éfinition du plan EE
Type de plan x
An+By+Cz =D
A |D
B: [0

Ry Fa: de selection

Coordonnées du Fover

Cartésiennes | Palaires |

(bl [ Bl [

H: |Omm

y: | Omm

Coordonnées du centre

Cartésiennes | Palaires |

H: |S0mm

y: | Omm

Excentricité | 1.337600452

[ Elément de construction

=10
Type Of Geometry RevolutionSurface
Trimmed Yes
Mumber of components 1 1
Mumber of components 4 | -

Order by patchfarcin | -
Order by patchfarciny | -
U



: I Conique |E|
| cw ]

- ; e=1: parabole Coordonnées du cenkre
S

_. & -

A~ Orarn

Yo 1 s hyperbole

Coordonnées du Fover
Cartésiennes | Polaires |
H: IZIrnrn E

Carkésiennes | Polaires |

HIE':'F“"'—E
v Jom B

Orarn

-

wCenkricité 1,337600452

] Elément de construction

Wy |67 Feamm

0 < Parameter < 0,5 — Ellipse A i €t - . . ‘
Parameter = 0,5 — Parabola gt PARMETRE # XCNICITE =

-

-

0,5 < Parameter <1 — Hyperbola
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Dw=(1-u) 0oA+u OB >
N : _ F 28 y o | .‘..-* .z )

Fin= 123deg,

e aint
Début= 13eq’
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Avec un parameétrage en abscisse

curviligne, il est plus facile de
. déterminer les rayons de courbure
d’une courbe 3D '

P
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Curvature Analysis.1



SPLINE

SPLINE CUBIQUE OU QUINTIQUE ??

Courbe polynomiale
par morceaux

=100 x

Type OF Geometry

SplineCurve

Mo
4

%im—mb
( umber of components U

U

Crder by patchfarcin U

Order by patchfarc in
| y patchy

Sub SetSplineType( long i1SplineType)

Sets the spline type.

Parameters: iSplineType

The spline type

a8

Legal values: Cubic spline or WilsonFowler ???7?

Pierre Vinter

Spline Definition

2

Painks | Tangents Dir, | Tensions | Curvature Dir, | Curvakure

Paint. 1
Paoint.2
Point. 3
Paink.4

4] | ©

@ add Point After ) add Point Before () Replace Poink

[] Geometry on suppart IN-:: selection

[ Close spline

Remiaye Paint J Remove Tat, J Reverse Tak, J e T, J

Show parameters == |
@ Ok | W Cancel ]

Presiew ]




SPLINE CUBIQUE

— —> —> e

—

OM = (2u3 - 3u?+1) OP, + (-2u? + 3u?) OP, + (u® - 2u? + u) dOP,/du + (u® - u?) dOP,/du

SPLINE QUINTIQUE

e S S e e < —

OM = H,(u) OP, + H,(u) OP, + Hy(u) dOP/du + H,(u) dOP,/du + H,(u) d?OP /du? + Hy(u) d?OP /du?

> A
M) = [WlIMIP] [ -8 +6 -3 -3 —V/2+1/2
(U) [U][ ][ ] _15 _15 _|_8 _|_7 -|—1,5 —1

Spline [M]— 10410 6 4 —1,5+1/2
with Catia 0O 0 0 0050

~ 0 01 0 0 O
°°°°° 1 00 0 0 O,
Spline quintic | pierre Vinter

calculed

-'I-' ('D Spiine. 1

—Bp Tersion.1=1
—BP x=1

—B =0

—B5p 2=0

—Bp Tersion.2=1
—B =0

—BP =1

—Bp 2=0

— &P Rayon=50mm

15




Spline Definition 21x

Faints | Tangents Dir, | Tensions | Curvature Dir, | Curvakure
Paoink.2  Axe Y 1

Paoink.3  Line. 1
Paint.1  Axe Y 1

0Nt

Point 1 (0,0,0); Point (3,2,0); Point 3 (0,3,0)

Line at the point 2 : angle 45° e
T}_PointZ T~ Spline. 1

X=3-Uu-6U¢2 +4u3 Tension
AW yovuw e ||y
& W Axis
. *wx=u+8u2—6u3
_;O'm y=5u2 -3u8
MU =[u][M][P] (2 21 1) (000) 6-3 0
-3 3 -2 -1 320 8 50

Cy(u) — [M][P] = TO\ 100
(¥

0010 o>
B0 O DRI 0 00

Pierre Vinter
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Tension
calculée =1

- -
-

.

: -

-

=n
.

W

- . -
=y

Tension
calculée = 3

Tang

nk T







Paink. 1

Tangenks Dir,

X Axis

1




Spline Definition " & . b SR M

What solution to draw the curve
without all the conditions ?

- i

. L Tensions | Curvature Dir, | Curvature .
Point. 1 Direction 1 Direction = =
Paint.2  Direckion 1 Direckion 2 Y e
I D e,
W@ Add Paint After O ! Replace Paoint .
. . -
[] Geometry on support _ - e
]l Spline y .' o il ' .
Conskraint type: = .
Tangent Dir. [ 4 Tangent Tension > il S
Curwature Dir, [ Curvature Radius [o '
= - - - - . - - - - L
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Fiu) = UME = [u




_,  domu) (acesraing el teerion af Gnoresy axthe pat)
T = gu
‘—UOM(U) H -

T(u=0) = QP=0P0 >

IOP1-0P0 || | _

d S 2 —»
K — S
d 3 i
‘mo'\/' | e
d2 _ > — — —

We can write W[OM(O)]=n-n—1-[(OPo—OP1)—(OP1+OP2)]

Pierre Vinter 22



- OPLOP
nnnnnnnn OP:-OPs |

n—1||(o_P'o—o_P'1)A(o_P'z—oTl’) [
njoP 3-0P & |

uuuuuuu

The n-th derivative of a bezier curve for one as of the hisends =
depends only on the n+1 points of control nearest to this end -




ints aligned =
urvature =0
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o éo Bm W) Ay | O Influence of A, ;
z A B; (“‘>
A;O

The parameter A, acts like a weight on
the associated top by attracting the
curve towards this top.

situation iniuale :

}\‘i —>00

Three tops P, P,, P, define the characteristic polygon of the curve of degree 2.

OM = /IoBo,zO_P>o+/1181,2C)—P’2+Zsz,2($’2
A0Bo0,2+11B1,2+12B2.2

A0(1-Uy*OPo+2 A1u(1-u)OP1+12u20P2
Ao(1-u)?+2A1u(1-u)+A2u?

Pierre Vinter 25




O—M>_/10(1—U)20 Po+2A1u(1-u)OP1+12u20P2

Ao(1—u)?+2A1u(1-u)+A2u?

If Lp= 1-A ; A=A A,=1-A,
the denominateur become = 2(1-2\)u2-2(1-21)u+1-A
the discrimant A for finding the roots of the denominateur is = 2 - 1

When A > Y%, the denominator has different
real roots, the curve have asymptotes

When A <, the denominator does not have
any real roots, the curve does not have an
asymptote

When A = %, the denominator become constant

If A=0 one line and A=1; two lines

Pierre Vinter

0 < Parameter ® < 0,5 — Ellipse
Parameter ® = 0,5 — Parabola

0,5 < Parameter ® <1 — Hyperbola

Conic Definition 1=
SUPROHE s plane

Zonskraink Limits

Poinks Tangents

Start Paink, 1 j Start
End Poink. 2 j End

3 Tat Intersection Point Foink

Intermediate Constraints

d Parameter |0,393895551 =

Jrio selection | Tan@ent L o selection |
o selection | Tanent 2 o selection |
o

26



Conic Definition

Support |

Définition de la conique Eded - [ Constraint Limits

e Points Tangents
Suppcurt

Plan zx

23 Start W Start
~ Impositions aux extrémités

Paints Tangentes : End Jpaint.3 End
Debut [ogine.1 Deébut [Draite.1 o |

R e ez /]
(1Pt Tgt Intersection  Foint IPas de sélection

: I3 Parameter m
=4 — Impositions aux points de passage _
= Pararnétre |IZIJ5 E

el |Pas de sélection fEAuenEd IPas de sélection

POIRE 2 [52 de selection JienanRies [Fas de sélection 9 3 ) 333 X O ] 8 = 74 ) 6 64

Point 3

(] Tgt Intersection Point PoInE Mo selection

— Inkermediate Constraints

Paramétre =5

Pas de sélection




Basic-splines

Polynomial parametric shape per pieces — change of the position of a control
point will have a limited impact on the function obtained.

Definition : A B-spline curve of degree d (ou d'ordre k =d + 1) is thus defined by:

-la knots vector T = (t,, t,,...,t ),

- n+1 control points P,

m+1 réels t;

- n+1 weight functions N ;  defined recursively on intervals [t; t;,] :

OM(U)= ZNi,d(U)ﬁ

0 otherwise

1 ifu € [t
o :{ ifu € [£;, tiq1)

t— t; t¢+k—t)
N; x(t) = N p—1(t Niqpe_1(t
k() (fu'+ —1—15-;') & 1()+(t-i+k_t-i+1 +1,6—1(t)

To build a B-spline curve of degree d from n+ 1 points P;, it is thus necessary to be given

m + 1 knotsor m=n+d + 1, allowing to define the basic functions N ; 4(u).

Pierre Vinter 28
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=No Uniform
Uniform Basic 3asic Spline
Spline

: :
1,3 L

L)
[

Degré 2 noeuds 0,0,0,1,1,2,2,2

T
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Geometric Analysis

-

Muphst

Trimmed : Mo PR . Trimmed r'-] o

Mumber of components LI L : Murnber of components |_||4—
- Nurnber of components "." -

: pakchfarc in U ':

- d Order by patchfarcinty | -

.
C
| = -
- -
o’ -
— - - -
- 3 -
-
a -
s ™
-
- -
- -
- . =
- = . " -
-
- - o -
-
-



Type OF Geomekry MupbsCurye|
Trimmed Mo

Murnber of components U | 1

Mumber of components ¥ | -

Crder by patch/arc in U

Geometric Analysis

Geometric Analysis

Type OF Geometry Type OF Geometry
Trimmed L= Trimrned

. ,
: . Mumber of components U Famber of cnmﬂunent(u
Mo .

l Number of components ¥ Nurnber of components T
Mumber of components L ’ Order by patchyare in U

Type OF Geometry

Trimmed

Crder by patchfarcin U

Mumber of components ¥

Crder by patchyarc in U

=t by patchyarc in W




workshop DOCUMENTATION

% PowerFit creates a NURBS surface
o3

. x|
Creation of 3D NURBS curves

i The element Curve. 1 has been created because the original element

is mok a Murbs and cannot be modified,

NURBS Formats in APT Output

Réponses DS :

« Elles sont supportées dans CATIA mais on n'offre pas de moyen d'en creer en
interactif. Quand elles existent, elles proviennent d'un import »

« L'interactif ne permet pas de travailler avec un degré inférieur a 5 ni de choisir
I'espacement paramétrique entre 2 noeuds (en V4 on pouvait faire tout ¢ca) »

Pierre Vinter 32



&P

The C(v) curves are lines,
circles,polynomials or others which are
used for the generation of surfaces

Revolution of a profile around an axis

— —> —> — —

Srev(u,v):C(v) (cosU e;+ sinU e,) + Vv e;+0OA

Extrusion of a profile in a given direction.

— @@ — @ —> —

S atj(Uv) = C;(u) + v e3 + OPo

Pierre Vinter

=101 %]
Type OF Geometry RexolutionSurFace
Trimmed Yes

Mumber of components L 1
Mumber of components ¥ | -
Order by patchfarcinld | -

Order by patchfarciny | -
o

L |

33



Relirnité | Mon
Mombre de segments en | 1

N U P BS CAT IA Analyse géométrique @|ﬁ|
Type de géométrie |I"-.Iup|:usSurFau:e|

Mombre de segments en ¥ | 1
DegresUlabel | 5
Ordre par arc, patchen ¥ |2

=

Extruded surfaces

Création d : surfaces H

Iz gR8 2 -@0\%@

Geometric Analysis @|E| ;3
Type OF Geometry |MupbsCurve]
Trimmed |ND a _ _
humber of componerts U1 A curve extrude in the direction of the
Mumber of components Y | = . — E
Crder by patchfarc in U |5 Un It VECtOr n, th rOugh a d IStanCG A
| Order by patchfarcin ¥ | -

> n 1 .
OM(u,v)= ZZNi,d(U)Nj,l(V)OPi,j

i—0 j=0

In the v-direction, controls points

. AR T . Knots vector
OP;, = OP; and OP;,; = OP;,An ( Vg, Vas Vp, V3) = (0,0, 1,1)

Pierre Vinter 34



Swept surfaces
Profil C(u) degree d

Guide B(v) degree e -
NUPBS

OM(u, V) ZZNId(U)NJ e(V)OPIj

—Oj

Controls points

"OP,, = OC, + OB

AEE NURBS

Xuw,v) = glu)+ pv)
C2 \ _— B Type OF Geometry | MupbsSurface Y Y giu) T~ plv)
e 3

Trimmed |Ma _ D Bf,;,.{u}u'.,._ P-.'- ZJ B f~*"{'l"}a‘;pf Q.‘f
= Mumber of components U| 1 > i Biwl(u, Z By (v) “
Mumber of components ¥ | 4 Z?J B; th:lB, k(v lu@u (P +Qy)
Crder by patchfarc in U |5 = Z” B; w(u BJ o (0)ww J

Crder by patchyarc in W | 12

Pierre Vinter 35



OM(u V)= ZZN'd(U)NJ 1(V)OP'J |

1=0 j—O
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Analyze the surfacique curvature
mﬁMW%@ﬂ@
k. normal curvature on 1 point

k|

3

ds?
g &, i
N : normal _N': ou oV
vector of the oC  oC
surface “ EAE ”
iC .. X ¢ oc
2 2 E = — 0 — F__._ G = L
4 Ldu® + 2Mdudv + Ndv e U o a &y v o
Edu?® + 2Fdudv + Gdv? 0%C — 2C — 6%C —»
L= 5 oN — PY N N = > ° N
ou oudv oV
38

Evolution of the curvature k,, for the curves C(HQ’) on the surface accordlng to

(du/dv) when the plan P, contalnlng the normal N carry out a rotation around N
Pierre Vinter



Solutions

The extremum values of ky are solution of :

(EG — F2)kn? — (EN + GL — 2FM )kn+ LN =M 2 =0

2H = Kknmin+ knmax = = +GL_22FM
EG-F

LN — M ?

EG-F?

= mean _ curvature

K = Knmax.knmin =

= Gaussian _curvature

Type

|Gaussian 7

(zaussian
Minirnurn
Mazimurn (c) Parabolic point K =0,H # 0 (d) Umbilic point Kmax = Kmin 7 0
Limited

(a) Elliptic point K > 0,H #0  (b) Hyperbolic point K<0,H#0

3D MinMax
Analysis Options

[ Positive onky

: ipti berbolic 1 parabolic
(e) Planar point Kmax = Kmin =0 {f}_ Elliptic, hyperbolic, and paraboli
points on a torus

Pierre Vinter 39



Analysis with reflect lines

A reflection line on the surface X(u,v) is the mirror image of
the light line L on X(u,v) while looking from fixed eye ep.

/ﬂ% -
———— —g——————— | =
_’f’:/'/_/’f/‘/ Sl B

Position |
Ol
D] g

- 0K | -ﬂ.ﬁ.nnulerl

o

X(u,v) surface parametrized
N(u,v) normal vector of the surface

It shows the geometry for a point on the surface where an observer sees a
reflection. For such a point, the display program would then assign a bright white
color to the surface. For points where a reflection is not seen, the standard color
of the surface is chosen. This color is darker than the white reflection color. The
simulation now determines the correct color value for a large number of points on

the surface
Pierre Vinter
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Analysis with isophotes
=

Definition of isophotes using an eye direction e, : all points with a

constant angle a between e, and the normalW(u,v) lie on an isophote.
_’

Light direction vector =r

r. N(u,v) = Constant

Isophote depends
only on normal, not
position

Line or surface joining the
points of equal brightness or
luminous intensity of a
given source

Pierre Vinter 41



CONCLUSIONS

J Niveau mathématique insuffisant des
étudiants Bac +3 pour suivre jusqu’au bout,

J Encore certains points a développer
NUPBS,

Cohérence entre les calculs et la modélisation
Analyses

Flabilité de la documentation DS !
Plus facile en V4
~reestyle a orienter « Plan de forme »

R N

Pierre Vinter 42



MERCI PO - ATTENTION
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