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(Computer Aided Design)

As primeiras geracoes de
CAD sao apenas em 2D,
basicamente substituindo
|lapis e papel.
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Abordagem Tradicional - Primeira Geracao de CAD
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Desenho

Abordagem Tradicional - Primeira Geracao de CAD
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Modelagem de Sdlidos



Modelagem de Sdlidos
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Modelagem de Sdlidos

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

‘“U-Bracket Design

MET 2004-3001




Modelagem de Sdlidos

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

Modificagoes sao atualizadas
automaticamente.




Modelagem em Engenharia



Traditional FE Simulation Process

2. Mesh 3. Apply boundary
conditions

4. Computational analysis 5. Result visualization



Geometry-based Simulation Process

P b

2_k>N LVAVAVAV k>N
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
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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

~




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




Region decomposition to exploit structured
meshing algorithms




Region decomposition to exploit structured
meshing algorithms




Region decomposition to exploit structured
meshing algorithms




Region decomposition to exploit structured
meshing algorithms




Defining meshing refinement parameters:
boundary subdivision




Automatic unstructured mesh
generation




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
geometric 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 EasipiiorLocation
> 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

Research areas:

=

* Geometric Modeling

1 needs due to

Computer Graphics < visual inspections

e \Visualization

Representation forms:

'8

* Wireframe Modeling Technique

» Surface Modeling Technique

» Solid Modeling Technique

are traditionally constrained to work
only with two-manifold solids.

!

A

Non-manifold

flexibility

but at a cost of a larger size
and more complex data

\
allows topological
conditions such as
4
has superior

structure

Modeling

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



Modelagem em Engenharia

{

Computer Graphics {

\
complex multi-region

multi-physic problem

Research areas:

* Geometric Modeling

needs due to
visual inspections

e \Visualization

Representation forms:

* Wireframe Modeling Technique

» Surface Modeling Technique

» Solid Modeling Technique

are traditionally constrained to work
only with two-manifold solids.

!

A

Non-manifold
Modeling
embods all of the capabilities of

the three modeling forms in a
unified representation.



Modelagem Geométrica



Modelagem Geométrica

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

e 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 Geométrica

Evolucao Historica:

a) Modelagem por arames

a) Modelagem por
superficies

b) Modelagem de sdlidos

a) Modelagem non-manifold

NAN?
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Modelagem Geométrica

 Formas de representacao de soélidos

» Mod
» Mod
» Mod
» Mod

os de decomposicao
os B-Rep
os construtivos (CSG)

@ M @® 0

os hibridos



Modelagem de Sdlidos

Cell Decomposition / Space Enumeration

Wire Frame

Boundary Representation (B-Rep)

Constructive Solid Geometry (CSG)



Modelagem Geométrica

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

G!o




Modelagem Geométrica

e Arvore CSG




Modelagem Geométrica

e Arvore CSG

JoR &

x - translate (-,5)

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

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



Modelagem Geométrica

 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 Geométrica
 Modelagem non-manifold

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

» Elimina as restricoes ao dominio dos modelos analisados.

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



Modelagem Geométrica

Manifold Non-manifold
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Modelagem Geométrica

 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 apds a aplicacao de
transformacdes geomeétricas no objeto.



Entidades Geométricas e Topologicas

Curves: bounded
by two vertices Surfaces: closed

\ set of curves

Vertices:
x,%,2 location

Body: collection
of volumes

Volumes: close
set of surfaces



Modelagem Geométrica

Uso da topologia como base de um sistema de
modelagem:

1)

2)

3)

Estabilidade do sistema

Evitacao de erros numéricos

Separacao das informacdes geométricas e topologicas



Modelagem Geométrica

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

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

» Determinacdo de um conjunto minimo suficiente de
relacoes de adjacéncia



Modelagem Geométrica




Modelagem Geométrica

e Estruturas de dados topoldagicas

» Sistematizacdo e organizacao das informacdes topoldgicas
de um modelo a partir do armazenamento de um conjunto
suficiente de relacdes 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 Geométrica

e Estruturas de dados topoldagicas

» 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



Estrutura de Dados Topolagica
Winged-Edge



Winged-Edge (Baumgart, 1972)

Tabela de vértices Tabela de faces

v x|yizle fle,

Tabela de arestas
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Topological Data Structure - Planar Subdivision

Induced by planar embedding of a graph.

edge iIf the underlying graph is.

/ \ = #vertices + #edges + #faces

Typical operations:

vertex \ | face f

M Walk around a face.

\/\ M Access one face from an adjacent
7/

hole in f one Vvia a commaon edge.

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




geometria

ponto
curva

superficie



Tabela de nés

Tabela de conectividades

Nix|y|z| |E|N,|N, N,| |E|N,| N,
11 0/ 1]0 11126 11 1] 2
21 0/0/0 2121 3|6 212 6
31 1100 316[34 31 6|3
412/0]0 414|516 4| 6| 4
5(2(1]0 51 4] 5
6/ 1/1]0 6l 21 3

71 3| 4

8 5| 6

91 6| 1

malha
no ﬂfﬁ\Q:)
elemento 1d

elemento 2d /5

geometria

ponto
curva

superficie



Tabela de nés

Tabela de conectividades

N[ x[y[z]| [E[N]IN]N] [E[N]N,
11 0/11]0 11 1]2]6 1112
21 0/0]0 2121316 21 2|6
3111010 316|3|4 31 6| 3
4121010 41 4|1 516 4| 6| 4
512110 514|5
6/ 1/1]0 6| 2| 3

70 3| 4

8| 5| 6

91 6| 1

elemento 1d aresta

elemento 2d /5 face

malha

né (5 vértice

N
/ 2\
/

topologia geometria

N\

Tabela de vértices

ponto
curva

superficie

Tabela de faces

vix|y|z|e fle,
110({1]0]1 0|1
2(0[0]/0|6 12
3/1(0(0(7 216
4(210(0|4 314
5/211(0]8 414
6/1[1]0]2

Tabela de arestas
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1| 1{2]/1]0] 9| 2|69
212161121 1]19]3]6
316{3[/3[{2/4| 7|62
41614413 8| 5|73
5|14/ 540/ 4| 8| 8|7
6|2 3{2/0[2]3|7]|1
713/ 4[{3/0/3|4|5]|6
81 56/4/0/, 54|95
9/ 6/ 1|10 2| 1|18




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 +1 | +1
MEKL Make an edge and Kill a loop +1 -1

V-E+F=2




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 +1 | +1
MEKL Make an edge and Kill a loop +1 -1
Operator Meaning V| E|F|L|Ss Result
Name
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 Q
MEV Make an edge and a vertex +1 | +1
MFE Make a face and an edge +1 | +1 +1 Q
MFE Make a face and an edge ] +1 Q
MFE Make a face and an edge =i +1 Q




Using Euler Operators to Construct a Solid

\mvfs
N /

Va7 w

_ mev _ ~_mev_, ~_mev_, met

' mev

~_mef ~ eV ~ MEv__ ~ mev

' mef

~_mef , —_mef _,



Estrutura de Dados Topolagica
Half-Edge



Half-Edge (Mantyld, 1988)

Tabela de vértices Tabela de semi-arestas

v ix|\ylz|h hlelv|l|h,

Tabela de arestas Tabela de lacos Tabela de faces

el | h, TTh|FI1L [T

out n




Hierarchy of Topological Levels

* Solio 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
4
prevl nextl
€ Loop —> Y
preve nexte
e Edge EEE—
ledgl Twloop he
prv nxt
€&——— Half-edge p——m>
vtxl
prevv nextwv
€« Vertex —>




HalfEdge node

Edge node

he2

HalfEdge node



@ Elements @ UML Diagrams
° Use Cases

° Objects o Robustez*
o C(lasses o Sequence
o Classes
@ Relationships
o Dependency ___[_)‘ille_nijé'lc_i%_>

o Association Associacao

° Aggregation parte | ABreBAC0 ~ 154,



@

Adicionaruma entidade
geométrnca

ponto

Deletar uma entidade geométrica

Manipular e editar uma entidade
geométrca

AR

Criar um novo modelo

curva

ponto Costurar topologicamente
0 modelo

curva

ponto

curva

Editarum modelo

‘s

Usu ério

Deletar um modelo

Salvarum modelo

Gerenciar mais de um modelo
simultaneamente

Sairdo programa




USUARIO GeometricEntity

HEDController

HEDMcdel

TopolegicalEntity
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Curve

-

Point

Vertex

Solid

\

Face




Vertex

Face

-vertexno: 1int
—*vedge: HalfEdge
—*coord: Point
—-*nextv: Vertex
—*prevv: Vertex
-m_isSelected: bool

—faceno: int
—*fsolid: Solid
—-*flout: Loop
-*floops: Loop
-*nextf: Face
—-*previf: Face

t+setVertexno (int v): void
+*getPrevVertex () : Vertex
+*getNextVertex () : Vertex
+setVedge (HalfEdge* hed): void
+getVertexno () : int

+*getPoint () : Point
t+setSelection(bool select): void
+i1sSelected () : bool

+setFaceno(int f): void
+setFlout (Loop* loop): void

+*getPrevFace () : Face
+*getLoopOut () : Loop
+*getSolid() : Solid

+*getNextf () : Face

+getFaceno () : int

+*getFloops () : Loop

+*setLoop (Loop* loop): void
+setSelection(bool select): void
+isSelected(): bool




Edge

-*hel: HalfEdge
-*he2: HalfEdge
-*nexte: Edge
-*preve: Edge
=*curve: Curve

+*getPrevEdge () : Edge

+*getNextEdge () : Edge

+*getHel () : HalfEdge

+getHe2 () : HalfEdge

+*getFirstVertex(): Vertex

+*getSecondVertex () : Vertex

+*addhe (Vertex* v, HalfEdge* where, EOrientation sign)
+setSelection(bool select): void

+isSelected(): bool

HEDUI

-controle: HEDController

+addPoint (double x, double y, double z): void
+addCurve (double x1, double yl, double z1,
double x2, double y2, double z2): void
+addTriangle (double x1, double yl, double zl1,
double x2, double y2, double z2,
double x3, double y3, double z3): void




EulerOperator

-lmev (HalfEdge* hel, HalfEdge* he2, int v, double x, double vy, double z): void
—*1mef (HalfEdge* hel, HalfEdge* he2, int f): Face
—lkmer (HalfEdge* hel, HalfEdge* he2): wvoid

+mvfs (HEDModel& model, int s, int £, int v,
double x, double vy, double z): wvoid
+mev (HEDModel& model, int s, int f1l, int f2,
int vl, int v2, int v3, int v4, double x,
double vy, double z): wvoid
+mef (HEDModel& model, int s, int f1, int v1,
int v2, int v3, int v4, int f£2): void

GeomChecker

-computerLinelLineIntersection (double x1, double yl, double x2, double y2,
double x3, double y3, double x4, double v4): int

+hasAnyVertex (HEDModel& model): bool
+hasVertexWithGivenCoords (HEDModel& model,
int& id, double x,
double, y, double z,
double _tol): bool
+liesOnCurve (HEDModel& model, double X,
double y, double z): bool
+intersectsVertex (HEDModel& model, double* curvePts,
int&n, double* intersPts): bool
+intersectsCurves (HEDModel& model, double* curvePts,
int&n, double* intersPts): bool




HEDController

-*eulerop: EulerOperator
-model: HEDModel
—geomChecker: GeomChecker

Solid

+doAddPoint (double x, double y, double z,
double tol): void
+doAddCurve (double x1, double yl, double zl1,
double x2, double y2, double z2,
double tol): void
+doAddTriangle (double x1, double yl, double z1,
double x2, double y2, double z2,
double x3, double y3, double z3): void
+doSelection (double x, double y, double z,
double tol): wvoid
+unselect () : void
+doManipulate () : void
+doCreate () : void
+doEdit () : void
+doDelete () : void

+doSave () : void
+doManage () : void
+doExit () : void

+getModel () : HEDModel

-solidno: int
-*sfaces: Face
—-*sedges: Edge
-*sverts: Vertex
-*nexts: Solid

—*prevs: Solid

+setSolidno (int _s): void
+*getFace () : Face

+*getEdge () : Edge

+*getVertex () : Vertex
+*getNexts () : Solid
+*getSfaces () : Face
+getSolidno(): int

t+setFace (Face* face): void
t+setVertex (Vertex* vertex): void
+setEdge (Edge* edge) : void




HEDModel

-*firsts: Solid

+*getFirsts(): Solid

t+setFirsts(Solid* firsts): void

+*getsolid(int sn): Solid

+*fface (Solid* s, int fn): Face

+*fhe (Face* f, int wvnl, int wvn2): HalfEdge

+*getVertex (double x, double vy, double z,

double tol): Vertex

+*getEdge (double x, double vy, double 2z,
double tol): Edge

t+*getFace (double x, double vy, double z,
double tol): Face

+getNumberOfVertexes () : int

+getNumberOfFaces () : int

+getEdgeVertexes () : int

+replaceVertex () : void

+getCurve () : void

Loop
—*ledg: HalfEdge
—*1face: Face
—*nextl: Loop
—*prevl: Loop

+setLedg (HalfEdge* newhe):

+*getPrevLoop () : Loop
+*getFace () : Face
+*getNextl () : Loop
+*getLedg () : HalfEdge

void




Point

-m_X: double
+m _y: double
+m_z: double

+Point (double x, double y, double 2z)

+getX () : double
+getY () : double
+getZ () : double

+distance2 (double x, double y, double z): double

Curve

Point

-*pl: Point
-*p2: Point

-m_x: double
+m_y: double
+m_z: double

+Curve ()

+Point (double x, double y, double 2z)

+getX () : double

+getY () : double

+getZ () : double

+distance2 (double x, double y, double z): double




@ Operador de Euler - LMEV

vold EulerOperator::lmev(HalfEdge* hel, HalfEdge* he2,

{

Loop* loop = hel->getLoop():
Face* face = loop->getFace():
Selid* solid = face->getSolid():
Edge* newedge = new Edge(sclid):
Point* peoint = new Polint(x,v,z):

Vertex* newvertex = new Vertex(point,solid):

newvertex->setVertexno(v);
HalfEdge* he = hel;
while (he != he2)
{

he->setVtx (newvertex) .

he = he->mate()->getNxt ()’
}
newedge->addhe (he2->getVtx (), hel, MINUS):;
newedge->addhe (newvertex, hez, PLUS):;
newvertex->setVedge (he2->getPrv()):
he2->getVtx () ->setVedge (he2);

int v, double x, vy, z)
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Defines the sequence if occurs two situations:

a MEV between two edges the first MEF

desired

________________________________________________________




Which are the parameter to define each situation?

+ 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

________________________________________________________

desired

________________________________________________________
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Modelagem Geométrica

 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 geomeétricas arbitrarias

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

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



Radial-Edge
(Weiler 1986)
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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 qualqguer 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)
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Modelagem Paramétrica

Ferramentas Geométricas Sketcher

« @ Point Draws a point

. :““% Arc: Draws an arc segment from center, radius, start angle and end angle

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

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

. U Rectangle: Draws a rectangle from 2 opposite points

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

lines or click on the corner point, then activate the toal.

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

LLTTY -
. ﬂ External Geometry: Creates an edge linked to external geometry.

. |]0I Construction Mode: Toggles an element to/ffrom construction mode. A

construction object will not be used in a 30 geometry operation.
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Aplicacao das Restricoes

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

e @ 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 origin.

. 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.

. I Vertical: Creates a vertical constraint to the selected lines or polylines elements. More than

one object can be selected.

+« mmm Horizontal: Creates a horizontal constraint to the selected lines or polylines elements. More
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.
. < InternalAngle: Creates an internal angle constraint between two selected lines.

. * Tangent: Creates a tangent constraint between two selected entities, or a 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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HOME REINVENTING DESIGN SEECREO CREOREACTIONS BEHIND THESCENES NEW HERE?

T : Using simulation to
' : <! ; ‘ ¥ o, 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
it from[..]
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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 Reuvit, 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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