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Desenho

Abordagem Tradicional - Primeira Geracao de CAD
(Computer Aided Design)

[SHIH2006]
[Demaasens s f-. lexaesnmnalsf= =4 f Asprimeiras geragdes de
[sFoe e = CE—- - | | CAD s3o apenas em 2D,
] basicamente substituindo
/: |lapis e papel.

O tao popular AutoCAD,
distribuido pela primeira
vez em 1981, ganhou
popularidade e é um dos
principais sistemas CAD.
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Desenho

Abordagem Tradicional - Primeira Geracao de CAD
(Computer Aided Design)

[SHIH2006]
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requer o conhecimento

das dimensoes reais de

projeto, sendo portanto
pouco flexivel.
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Note na Figura que :
(1) A criacdo dessas vistas
requer o conhecimento
das dimensoes.
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Modelagem de Solidos

Os desenhos 2D sao gerados
a partir do modelo 3D.

Modificagcoes sao atualizadas
automaticamente.
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Modelagem em Engenharia



ional FE Simulation Process

Trad

3. Apply boundary

1. Build geometric model

conditions

5. Result visualization

4. Computational analysis



Geometry-based Simulation Process
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1. Geometric modelling, apply 2. FE mesh generation, apply
attributes and boundary conditions boundary conditions

3. Computational analysis 4. Result visualization



Construction of a Simple FE Model




Construction of a Simple FE Model




Construction of a Simple FE Model




Construction of a Simple FE Model
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Construction of a Simple FE Model
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Construction of a Simple FE Model
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Construction of a Simple FE Model
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Construction of a Simple FE Model
Automatic region recognition,




Creating a hole




Assigning hole attribute




Applying attributes to geometry




Defining meshing refinement parameters:
boundary subdivision




Automatic unstructured mesh
generation




Attributes automatically assigned to
mesh entities




Region decomposition to exploit structured
meshing algorithms
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Defining meshing refinement parameters
boundary subdivision




Automatic unstructured mesh
generation
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What is the technology behind this?
What issues we have to address?
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Generic Space Subdivion: Many Applications

An environment in which curves and surfaces are inserted randomly.
Automatic region recognition and full adjacency information.




2D Subsurface Simulation Modeling

Sidon-Tiro




2D Subsurface Simulation Modeling

Curve digitalization




2D Subsurface Simulation Modeling

Curve subdivision




2D Subsurface Simulation Modeling

Mesh generation: triangular elements
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2D Subsurface Simulation Modeling

Mesh generation: quadrilateral elements




Requirements for underlying data representation

—The data structures must provide a natural
navigation across all phases of a simulation: pre-
processing (model creation), numerical analysis, and
post-processing (model results visualization).
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Requirements for underlying data representation (cont.)

—The data structures must take into account that the
simulation may induce, at least temporarily during
model creation, geometric objects (curves and
surfaces) that are inconsistent with the target final
model. This requires a non-manifold topology

representation capability.




Requirements for underlying data representation (cont.)

—The data structure should aid in key aspects of
geometric modeling, such as surface intersection and
automatic region recognition, as well as in surface

and solid finite element mesh generation in arbitrary
domains.




Requirements for underlying data representation (cont.)

—The data structure must provide for efficient
geometftric operators, including automatic intersection
detection and processing.

This is necessary in simulations with evolving
topology and geometry.
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The need for non-manifold modeling

Multi-region modeling

Degenerated structures Castapar LAt
Stringer Shear Tie




Natural modeling: surface patches as primitives

Geological model

Manufactured model



Ideal environment: complete space subdivision

Space subdivision in 2D: high level operations
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Modelagem em Engenharia

Representation forms:
Research areas: [« Wireframe Modeling Technique
B Geometric Modeling  { e Surface Modeling Technique
Computer Graphics { 1 :,-izcz,s, ,f,i;;?“ons *Solid Mpdeling Techpique
are traditionally constrained to work
e Visualization only with two-manifold solids.

!

\
allows topological # A -
conditions such as Non-manifold
< .
Modeling
has superior

bl embods all of the'capabfhtf(.-?s of
: the three modeling forms in a
but at a cost of a larger size

and more complex data unified representation.

structure




Modelagem em Engenharia

Representation forms:

"
Research areas: e Wireframe Modeling Technique
)
e Geometric Modeling  { e Surface Modeling Technique
: needs due to « Solid Modeling Technique
Computer Graphics { 1 e . 8 q
P P visual inspections " are traditionally constrained to work
s \iicualization only with two-manifold solids.
\
complex multi-region _ 1
multi-physic problem AL
~ ~
Non-manifold
Modeling

embods all of the capabilities of
the three modeling forms in a
unified representation.



Modelagem Geométrica



Modelagem Geomeétrica

Criacao, manipulacao, manutencao e analise das
representacoes das formas geomeétricas de objetos bi e
tridimensionais.

Aplicacao em diversas areas, como na producao de filmes,
design de pecas mecanicas industriais, visualizacao cientifica e
reproducao de objetos para analise em engenharia.



Modelagem Geomeétrica

Evolucao Historica:

a) Modelagem por arames

a) Modelagem por
superficies

b) Modelagem de sélidos

a) Modelagem non-manifold
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Modelagem Geomeétrica

* Formas de representacao de solidos

» Modelos de decomposicao
» Modelos B-Rep

» Modelos construtivos (CSG)
» Modelos hibridos




Modelagem de Solidos

Cell Decomposition / Space Enumeration

Wire Frame
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Boundary Representation (B-Rep)

Constructive Solid Geometry (CSG)
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Modelagem Geomeétrica

A Geometria Construtiva de Sélidos (CSG) utiliza as operacoes
booleanas e de movimentos rigidos em primitivas simples
para construir objetos solidos mais complexos.

Pato




Modelagem Geomeétrica

e Arvore CSG




Modelagem Geomeétrica

e Arvore CSG

PON S

x - translate (-,5)

x - translate (-,1) y - translate (-,2)

box (1,4,8) box (8,4,1) z - cylinder (1,1)



Modelagem Geomeétrica

 Modelos B-Rep utilizam explicitamente as relacdes de
adjacéncia entre os elementos topologicos (vértices, arestas e
faces) para definir a fronteira topoldgica dos objetos.




Modelagem Geomeétrica

 Modelagem non-manifold

» Agrega todas as capacidades dos trés tipos de modelagem
anteriores.

» Elimina as restricoes ao dominio dos modelos analisados.

» Permite a representacao de estruturas internas ou
pendentes de dimensao inferior.



Modelagem Geomeétrica

Manifold
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Modelagem Geomeétrica

* Topologia e Geometria

» Geometria — conjunto de informacdes completas e
essenciais para definir a forma e a localizacao espacial dos
objetos.

» Topologia — subconjunto de informacdes obtidas a partir
da geometria do objeto. Invariante apos a aplicacao de
transformacoes geomeétricas no objeto.



Entidades Geomeétricas e Topologicas

Curves: bounded
by two vertices Surfaces: closed

\ set of curves

Vertices:
x,z location

Body: collection
of volumes

Volumes: close
set of surfaces



Modelagem Geomeétrica

Uso da topologia como base de um sistema de
modelagem:

1)

2)

3)

Estabilidade do sistema

Evitacao de erros numéricos

Separacao das informacoes geomeétricas e topologicas



Modelagem Geomeétrica

* RelagoOes de adjacéncia
» Conectividade entre os elementos topoldgicos
» Extraidas das informacoes geométricas do modelo

» Utilizacao como base da estrutura de modelagem,
garantindo a implementacao de algoritmos mais simples e
eficientes

» Determinacao de um conjunto minimo suficiente de
relacoes de adjacéncia



Modelagem Geomeétrica

Relagdes de adjacéncia entre vértices, arestas e faces



Modelagem Geomeétrica

* Estruturas de dados topolodgicas

» Sistematizacdo e organizacao das informacoes topoldgicas
de um modelo a partir do armazenamento de um conjunto
suficiente de relacdoes de adjacéncia.

» Principais elementos topoldgicos: vértices, arestas e faces.

» Elementos topoldgicos adicionais: loops, cascas, regioes,
uso de vértices, semi-arestas, uso de arestas, uso de loops,
uso de faces.



Modelagem Geomeétrica

e Estruturas de dados topoldgicas

» Exemplos de estruturas de dados consagradas em
modelagem manifold:

e Winged-edge
e Half-edge

» Estrutura de dados consagrada em modelagem non-
manifold:

e Radial Edge



Topological Data Structure - Planar Subdivision

Induced by planar embedding of a graph.
if the underlying graph is.

= #vertices + #edges + #faces

Typical operations:

M Walk around a face.

M Access one face from an adjacent
: one via a common edge.
hole in f

7 Visit all the edges adjacent to a
\ disconnected subdivision vertex.




Estrutura de Dados Topolagica
Winged-Edge



Winged-Edge (Baumgart, 1972)

Tabela de vértices Tabela de faces

VI x|y|zle fle,

Tabela de arestas
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geometria

ponto
curva

superficie



Tabela de nos

Tabela de conectividades

Nix|y|z| [E|N,|N,| N,| |E|N,|N,
1lol1lo| [1]1]2]6]| [1]1]2
21 0(0]0 2121 3|6 2126
3/ 1{0/]0 31634 316|3
4l 2lolo| |4l 4ls5]6] |4] 6] 4]
3| 2| 1[0 5145
6] 11 1]0 6l 2| 3

703 4

8 5] 6

91 6| 1

malha
n(’) [ 5 ."\
elemento 1d E

elemento 2d 5

geometria

ponto
curva

superficie



malha topologia geometria
né (5 vértice ponto
elemento 1d | 5 aresta curva

elemento 2d 5 face superficie

Tabela de n6és Tabela de conectividades Tabela de vértices Tabela de faces
Nix|y|z| |[E|N|N|N]| |E|N|N, vix|y|zl|e fle
1/ 0] 1]0 1[]1]{2]6 1] 1] 2 1{0/1[0]1 01
21 0,00 21 21316 20 2| 6 2/0[0[0]6 1|2
3111010 31634 31 6|3 3/1{0(0|7 216
41 2/0(0 41 4| 5|6 41 6| 4 41210]0|4 34
512110 51 4|5 5(2{1(0]8 414
6/ 1/1]0 B 213 6/1[1/0]2
7131 4 Tabeia de arestas
8| 5| 6
91 6 1 eV VF.fJ;, ff‘i €p| €iv | Crr| Ern
1(1[{2[{1/0] 9] 2|69
202(6/1[2]1]93]|6
3163324 7|6]|2
416|443 8| 57| 3
514/ 5/4/0[ 4| 8|8 |7
6|12/3/2/0[2]|3|7]|1
7134303 4|5]|6
815640514195
916/ 1|1]0] 2| 1|18




Estrutura de Dados Topolagica
Half-Edge



Half-Edge (Mantyld, 1988)

Tabela de vértices Tabela de semi-arestas

v|x|ylzlh hie|vil|h,

Tabela de arestas Tabela de lagos Tabela de faces

e h|h, IThlfL [FTL]T
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HalfEdge node

Edge node

het

he2

HalfEdge node




Hierarchy of Topological Levels

* Solia half-edges
* Face
* Loop \\\\\\\\
« Half-Edge /
* Vertex

- Edge”



Half-Edge Data Structure Entities

prevs nexts
Solid —
sverts sedges
sfaces fsolid
prevt nextf
b Face é
floops Tlface
v
prevl nextl
— Loop —> Y
preve nexte
“— Edge —>
ledgl Twloop he
prv nxt
€&——— Half-edge p——m>
vtxl
prevv nextv
Vertex —>




Euler Operators

From a topological viewpoint, the simplest solids are those that have a
closed orientable surface and no holes or interior voids. We assume that
each face is bounded by a single loop of adjacent vertices; that is, the face
is homeomorphic to a closed disk. Then the number of vertices V. edges FE,
and faces F' of the solid satisty the Fuler formula:

V-E+F-2=0

This fact is easily proved by induction on the surface structure. Extensions to
this formula have been made that account for faces not being homeomorphic
to closed disks, the solid surface not being without holes, and the solid having
interior voids, as reviewed next.

[HOFFMANN1992]



We consider the possibility that the solid has holes, but that it remains
bounded by a single, connected surface. Moreover, each face is assumed to
be homeomorphic to disk. For example, the torus has one hole, and the
object in Figure A has two. It is a well-known fact that such solids are
topologically equivalent, i.e., homeomorphic, to a sphere with zero or more
handles. For example, the object of Figure A is homeomorphic to a sphere
with two handles, the latter shown in Figure B. = The number of handles is
called the genus of the surface. In general, with a genus G, the numbers of
vertices, edges, and faces obey the Fuler—Poincaré formula:

V-FE+F-21-G)=0 [HOFFMANN1992]

Figure A An Object with Two Holes and with Faces Homeomorphic to Disks Figure B A Surface of Genus 2



Next, we further generalize by adding the possibility of internal voids.
These voids are bounded by separate closed manifold surfaces, called shells.
The number of shells will be denoted by S. Finally, we relax the requirement
that a face is bounded by a single loop of vertices, but require that each face
can be mapped to the plane. Thus, a sphere missing at least one point can
be a face. In Figure C, a face is shown with four bounding loops. Note
that one of these loops consists of a single vertex, and another one of two
vertices connected by an edge. To account for faces of this complexity, we
must count, for each face, the number of bounding vertex loops. For the face
in Figure C,  this number is four. With L the total number of loops, the
relationship among the number of faces, edges, vertices, loops, and shells,
and the sum G of each shell’s genus, is then

V_E+F—(L-F)—-2(5-G)=0

-4

Figure C A Face with Four Bounding Loops

[HOFFMANN1992]



An example solid illustrating this relationship is shown in Figure D.

We may think of the quantities V., E, F, L, S, and G as existing in an
abstract six-dimensional space. The relationship among them is then the
equation of a hyperplane. Since the values of the variables must be non-
negative integers, we might view the relation as defining a lattice on this
hyperplane. For each solid with a given topological structure, there corre-
sponds a point in this lattice.

[HOFFMANN1992]

Figure D Solid with 24 Vertices, 36 Edges, 16 Faces, 18 Loops, 2 Shells, and Genus Sum 1



Euler Operators

Operator Name Meaning \'} E F L | S |G
MEV Make an edge and a vertex +1 | +1
MFE Make a face and an edge +1 | +1 | +1
MSFV Make a shell, a face and a vertex | +1 +1 | +1 | +1
MSG Make a shell and a hole e |
MEKL Make an edge and Kill a loop =1 -1

V_E+F—(L-F)-2(5-G)=0




Euler Operators

Operator Name Meaning \'} E F L | S |G
MEV Make an edge and a vertex +1 | +1
MFE Make a face and an edge +1 | +1 | +1
MSFV Make a shell, a face and a vertex | +1 +1 | +1 | +1
MSG Make a shell and a hole e |
MEKL Make an edge and Kill a loop =1 -1
Ogetolon Meaning V| E|F| L |S|G Result
Name M
MSFV Make a shell, a face and a vertex | +1 +1 | +1 | +1
MEV Make an edge and a vertex +1 | +1
MEV Make an edge and a vertex +1 | +1
MEV Make an edge and a vertex +1 | +1
MFE Make a face and an edge +1 |+ +1
MFE Make a face and an edge +1 | +1 +1
MFE Make a face and an edge +1 | +1 +1




MVFS V=1 H=1)N=0P=0
H=1(V=1,E=0,L=1)N=0P=0
E=0(H1=0,H2=0)N=0P=0
L=1MH=1,F=1)N=0P=0
F=1(S=1,LOUT=0/LOOPS=1)N=0P=0
S=1(V=1,F=1,E=0)N=0P=0

MVFS

v

A

KVFS



MVFS

O rmMmIT<

(H=1)N=0P=0
=1,E=0,L=1)N=0P=0
,H2=0)N=0P=0

F=1)N=0P=0

, LOUT=0/LOOPS=1)N=0P=0

,F=1,E=0)N=0P=0

MVFS

A

v

KVFS



V=1 (H=1)N=0P=2
V=2 H=2)N=1P=0

MEV H=1(V=1,E=1,L=1)N=2P=2
H=2(V=2,E=1,L=1)N=1P=1
E=1(H1=2,H2=1)N=0P=0
L=1(H=2,F=1)N=0P=0
F=1(S=1,LOUT=0/LOOPS=1)N=0P=0
S=1(V=1,F:1,E=1)N=OP=O

_ F =1

MEV

v

A

KEV
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MEV

For a single strip there
is no definition of the
sequence (Ccw nor ucw)

MEV

A

KEV

V=1 (H=1)N=0P=2
V=2 (H=3)N=1P=3
V=3 (H=4)N=2P=0
H=1(V=1E=1L=1)N=3P=2
H=2(=2E=1L=1)N=1P=4
H=3(V=2,E=2,L=1)N=4P=
H=4(V=3E=2L=1)N=2P=3
E=1(H1=2H2=1)N=0P=2
E=2(H1=3,H2=4)N=1P=0
L=1(H=2,F=1)N=0P=0
F=1(S=1,LOUT =
S=1(V=1,F=1E=1)N=0P=0
V =




MEV

For a single strip there
is no definition of the
sequence (Ccw nor ucw)

MEV

A

KEV

V=1 (H=1)N=0P=2
V=2 (H=3)N=1P=3
V=3 (H=4)N=2P=0
H=1(V=1E=1L=1)N=3P=2
H=2(=2E=1L=1)N=1P=4
H=3(V=2,E=2,L=1)N=4P=
H=4(V=3E=2L=1)N=2P=3
E=1(H1=2H2=1)N=0P=2
E=2(H1=3,H2=4)N=1P=0
L=1(H=2,F=1)N=0P=0
F=1(S=1,LOUT =
S=1(V=1,F=1E=1)N=0P=0
V =




Defines the sequence if occurs two situations:




Defines the sequence if occurs two situations:




Which are the parameter to define each situation?

i In this case, the half-edge of edge 2 (if it is
 the first parameter of MEF) receives the new :
\ face/loop. It is decided if the new loop area is!
| positive! TIP: Always keep the first face with |
\ negative area (as the outside face).

V=2

\E=2




Using Euler Operators to Construct a Solid
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Modelagem Geométrica
Non-manifold



Modelagem Geomeétrica

* Topologia em representacoes non-manifold

> Areas de aplicacdo da modelagem geométrica que
usufruem das vantagens adicionais da representacao non-
manifold

e Modelagem — transicao entre modelos, deteccao de regides,
armazenamento de informacdes geométricas arbitrarias

e Analise — implementacao de ferramentas de criacao e analise
simultaneas do modelo

e Representacao de objetos heterogéneos — regides com volumes
comuns, faces coincidentes, estruturas internas, solidos
constituidos de materiais diferentes



Radial-Edge
(Weiler 1986)

vertex uses

face uses

pair of radial
edge uses

Model

v

10N

Regi

v

Shell

3

Face Use

-
-

3

v

Loop Use

" Face

T

Edge Use [—*

T

Vertex Use |

Edge

* Vertex




Modelagem Parameétrica



Modelagem Paramétrica

MCAD (Mechanical Computer Aided Design)

Tecnologia relativamente nova.



Modelagem Paramétrica

MCAD (Mechanical Computer Aided Design)
Tecnologia relativamente nova.

Seu desenvolvimento vem ocorrendo desde +40 anos
em paralelo ao desenvolvimento da tecnologia de hardware.

Foi primeiramente apresentada no final de 1980, e recentemente
se tornou o novo paradigma da projetos CAD mecanicos.



Modelagem Paramétrica

MCAD (Mechanical Computer Aided Design)
Tecnologia relativamente nova.

Seu desenvolvimento vem ocorrendo desde +40 anos
em paralelo ao desenvolvimento da tecnologia de hardware.

Foi primeiramente apresentada no final de 1980, e recentemente
se tornou o novo paradigma da projetos CAD mecanicos.

Tem elevado as tecnologias de CAD ao nivel de ser
uma ferramenta de projetos muito poderosa.

Ela automatiza o projeto e os procedimentos de revisao
pelo uso de parametric features.



Modelagem Paramétrica

A palavra paramétrico significa que as definicoes da
geometria do projeto, tal como dimensdes, podem ser
mudadas em qualguer momento no processo de projeto

Modelagem paramétrica recebe esse nome por causa do
projeto de parametros ou variaveis que sao modificados
durante o processo de simulacao do projeto.

Vocabulario e Formalizacao:
- Features

- Part (Parte)

- Constrains (Restricoes)

- Assembly (Montagem)

- Sketch (Esboco)



Modelagem Parameétrica

Sketcher




Modelagem Parameétrica

Ferramentas Geométricas Sketcher

* @ Point Draws a point

. :"\ Arc: Draws an arc segment from center, radius, start angle and end angle

—
. [@ Circle: Draws a circle from center and radius
. % 2-point Line: Draws a line segment from 2 points

. N Polyline (multiple-point line): Draws a line made of multiple line
segments

. m Rectangle: Draws a rectangle from 2 opposite points

. % Fillet: Makes a fillet between two lines joined at one point. Select both

lines or click on the cormer point, then activate the tool

. X Trimming: Trims a line, circle or arc with respect to the clicked point.

i,
. ﬂ' External Geometry: Creates an edge linked to external geometry.

. Do! Construction Mode: Toggles an element to/ffrom construction mode. A

construction object will not be used in 3 3D geometry operation.
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Aplicacao das Restricoes

. a Lock: Creates a lock constraint on the selected item by setting vertical and honzontal
dimensions relative to the origin (dimensions can be edited afterwards).

+ @ Coincident Creates a coincident (point-on-point) constraint between two selected points.
* r Point On Object: Creates a point-on-object constraint on selected items.

. H Horizontal Distance: Fixes the horizontal distance between 2 points or line ends. If only one

item is selected, the distance is set to the onigin.

. I Vertical Distance: Fixes the vertical distance between 2 points or line ends. If only one item is

selected, the distance is set to the origin

. l Vertical: Creates a verical constraint to the selected lines or polylines elements. More than

one object can be selected.

» mmmm Horizontal: Creates a horizontal constraint to the selected lines or polylines elements. Maore

than one object can be selected.

® , Length: Creates a length constraint on a selected line.

. O Radius: Creates a radius constraint on a selected arc or circle.

. / Parallel: Creates a parallel constraint between two selected lines.

. l Perpendicular: Creates a perpendicular constraint between two selected lines.
* < InternalfAngle: Creates an internal angle constraint between two selected lines.

. * Tangent Creates a tangent constraint between two selected entities, or 3 colinear constraint

between two line segments.
* = Equal Length: Creates an equality constraint between two selected entities. If used on circle or

arcs, the radius will be set equal

. >< Symmetric: Creates a symmetric constraint between 2 points with respect to a line.
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Features:

- Extrude (Extrusao)

- Revolute (Revolucao)
- Sweep (Varredura)

- Loft
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Stay up to date. Subscribe.
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Using simulation to
determine the root cause of
product failure

By monicA scHNITGER | Published: APR 7, 2014

Your product is out in the marketplace. Your
design team has done the best job it can. The
shop guys have put their all into making it. But it's
failing. Warranty claims are escalating and putting
pressure on the bottom line and you, the person
tasked with figuring out what's wrong and keeping
itfrom[...]
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Free Webinar Series: Learn
the Benefits of PTC
Simulation Solutions

By MARK BRUNELLI | Published: APR 18, 2014

Problems found earlier in the design process
reduce development costs and save time. See
how simulating the performance of your design
early and often can reduce physical prototyping
and enable you to make better design decisions. In

Just 25 minutes, see how PTC's simulation
solutions can help you accurately: Predict product
performance while you design [...]

B Read more Leave a comment
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The door in this room has been "locked" to four feet from the right wall. When the wall
is dragged to the right to make the room larger, the door maintains its relationship with
the wall. This screen shot is in Autodesk Revit, the first parametric building modeler to
tie together all component views and annotations parametrically for the A/E/C industry.
In addition, the program maintains automatic interaction between graphic and schedule
views (note door schedule at right). If either one is changed, its counterpart is

updated. (Screen shot courtesy of Autodesk, Inc., www.autodesk.com)
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