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© PROSTEP AG - 200/ NN 28/09/07 — Seite/Page 2



Motivation —TrRJASTcr/

Reduction of the Time-To-Market
Increase the engineering productivity through use of Templates for design and simulation
Automation of engineering tasks (e.g. with help of KBE)
Implementation of intelligent processes
Improvement of collaboration engineering

Multi-disciplinary simulation at the early stages of the product development process

Development of innovative products

Support the creativity of engineers

Low development cost while improving product qualit y
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Design-Simulation Loop —rRJA3STcerP
Engineering Process Model

De89ﬂ®,

The following slides
present examples for
each phase of this
process model

Generation of a @
simulation view from

collaboration data

: Simulation

driven design

®

Simulation

(3)

Model pre-
processing

Extraction and export of data to be
shared (e.g. pre-processed model)
into collaboration database
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Improvement of Productivity with KBE TRJASTcrR
(1) KBE Overview

KBE is a set of methods and tools that enable among st other things the
integration of expert knowledge, best-practices and engineering rules to be
encapsulated into models, in order to support engin eering processes.

Advantages of KBE
Avoid making mistakes (e.g. by using standards and rules)
Avoid redundancy
Gain time (through re-use, user support)

Optimize design processes (e.g. through process automation)

KBE functions provided by CATIA V5
Basic: Parameters, formulas, law,
Analysis: Reports, knowledge inspector
Reactive: Reactions, rules, checks
Containers: Lists, parameters sets, relations sets, etc...
Control: Loop handlers
Re-use: Power-copy, User feature, Knowledge Template
Programs: Macros, scripts
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Improvement of Productivity with KBE

Components Re-use - CATIA V5 Powercopy

-PROSTERP

The Powercopy enables the combination of several components (e.g. geometric

elements, formulas, conditions, checks, etc.) into a group, that can be imported
into other documents via a catalogue

Specifications of selected parameters are used as the input to instantiate the

Powercopy

The signature produced on a master
block can be transferred over the
Powercopy into other parts

Definition | Inputs I Parameters | Documents | Icon I
jame; ISchriftzug ﬂ" Motor
Inputs of components minds XY plane
L Y2 plane
e 25 plane
Schrifzug = ﬁ;% Relations
&3 I5chriftzug Gravur T Flaecherlaenge
Fl Pad. . ~
27wy plane E& Schriftzug 9 >l?,za Schriftzug =3 PartBody
— i Il Padl, 1'\Edge.2
vz plane [ Schriftzug_Position q Muitipad. 1
477 7 plane Flaecherlaenge
il 9 \ T‘@ Pocket. 1
Parameters
== RS
= % PowerCopy Y .
#23 schrifizug
P Sehrifzug 3
—_— @ oK & Cancel -
ey - - _______l i 3 Schriftzug_Position

Similar to the powercopy, the Userfeature can be used. It also integrates several
components (e.g. geometric elements, formulas and conditions) into a group
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Improvement of Productivity with KBE

PrRJASTCc"
Components Re-use - CATIA V5 Document Template

Document Templates are masters that can include entire parts and assemblies

Input parameters can be optionally specified when defining Document
Templates, thus the geometry can adapt itself to the new context (e.g. a sketch
IS used as input and the geometry is adjusted to the new context!)
Several variants with different input parameters can be stored in a document
and in a catalogue

&i Gleitlager

= ... %y plane

.-~ vz plane

Template definition
of a part or
assembly

=z plane K

=~ 0% paytBody

o Yariantez_Input Rillensketch
_g_-,'jj Varianke3_Input_Shaft

== ¥ KnowledgeTemplates
'E_ﬁ Yariantel ohne_Inputs 1

Cs merk ZeLiggripe
T—@ Hand (Hand, 13
T‘@ Werkzeuganschiuss (Werkzeuganschiuss, 1)
@ Sauggreifergruppe (Sauggreifergruppe, 1)

WShaﬂ:.l <4+
#-1sketeh. 1
= Pocket, 1

#-1 Shetch 2 —

All variants in a
catalogue

"T

t

..... a

C';.@ Glaitlager 1 (GIeanTr 1.1}

Applications

Pasting a variant
into an assembly
context

Document Templates are used exclusively in the assembly context
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Improvement of Productivity with KBE

Design Optimization with CATIA V5

The optimization of a model can be
accomplished in the Product Engineering
Optimizer Workbench with three different

functions

Optimization with respect to
target value, maximization,
minimization or only

constraints
2]

Problem | Constraints | Comptations resuls |

Optinizstion type: [virimization =

—Optitnzed parametar

[Vohume 1 [ze-004m3
Target value: [Finimom =

—Free Parameters
Matis | value [ 1nf.Range [ Sup. Range [ Step |
PartBodyiaketeh 1l... 100mm Ak,
PartBodylsketch, 11... 100mm futo,
PartBody\Pad. 1YFir... Z0mm Auta,

Edit list... | Edit ranges and step... |

S :
Algorithm type:: [simylated Amnealing lgorithin =l
—Selected algorithm settings
—Running Criteria
Convergence speed : Fast v

—Termination criteria
Maximum number of updates 550

4 Consecutive updates without improvements |50

'S Maximum time (minutes) 5

|—0pt\mwzatlnn data ‘

& save optimization data

R Optirvizstion [ with Updsts visusizstion @ Witheut update visusization

@ ok | Doy | @ cancel |
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21

Settings | Results | Prediction |

—Select input parameters

Mame | Inf. Range | Sup. Range | Mb of Leve\il
PartBadylSketch.1Y... S0mm 120mrm 10
PartBodyiSketch, 1%... S0mm 120mm ]

Edit list... I [odify ranges sndfor nb aflevels. . I

—Select output parameters

Iame |
Wolume, 1
Edit list. .. |
== Mumber of updates = 100
== Output file = Ci\Dokumente und Einstellungenirulhoff\Desktopitest. xls

d Save curves in the oukput File (For EXCEL Files only)

Run DOE l

@ oK I \)Applyl aCanceII

Generation of graphs of

influence between input

parameters and output
parameters

PRAOSTER

(3

'-_.I -
==+ m Relations

# Dptimizations

&% Optimization. 1
DesignOfExperiments, 1
ﬁCDnstraintSatisfactiun. 1

Optimization with logically
defined conditions in the form
of a set of equations

Constraint Satisfaction.1 N 2|

Editor | Resuls | optians |

Total_Volume == 11;

Pad, I\PartBody\Pad, 1\FirstLimitiLength > 10mm;
Pad, 1\PartBody\Pad, 1|FirstLimit\Lsngth < 100mm;
Pad 2|PartBody|Pad 2|FirstLimitiLength > 20mm;
Pad 2|PartBody\Pad. 2|FirstLimit\Length < 100mm

Unknown paramsters

Constant paramsters
Hame alug i [l Wame

Total_volume 1e-003m3 Pad.1\PartBody\Pad. 1\Firs... S0mm
<= || Pad 2\PartBody\Pad 2\Firs...  S0mm

Dictionar Members of Paramstsrs Members of Length

«| [-2iPartBodyisketch. LiLenc «
Design Table .2\PartBodyiSketch. 110fFs
Operators an 2\p stlin]
Foint Constructors .2\PartBodyiPad. 2\5scond

Law .2\PartBodyiPad.2\ThickTh

Line Constructors . 2\PartBodyiPad. 2i ThickT!
Circle Constructors String =
String =| |Featurs =4 r
[Pad 2\PartBiodyiPad 2\FirstLimit|Lanath [Bmm

Solve |

. @ ok | @ apply | & cancel]
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(2)

Improvement of Productivity with KBE

Design Optimization with CATIA V5

Optimization of a particular
parameter, which reflects a certain
aspect of the model such as cost,
volume, weight

An optimization based only on
constraints (conditions) is likewise
possible

Free parameters can be used for
checks and rules

Changeable parameters must be
indicated

Different algorithms can be selected
as optimization algorithms, or others
can be added via the CAA interface

The results can be stored externally
In a table

© PROSTEP AG - 200/

Optimization [

PRAOSTER

Bed b

Problem | Conskraints | Compotations resulks

Cptimization btvpe: |Minimi2 akian j

—Opkimized parameter

{walume. 1 |22-004m3
Target walue: |Minimum E

—Free Parameters

Mame I Valug | Inf, Range | Sup, Range | Step I
PartBodyiSketch.1Y... 100mm Auto,
PartBodyiSketch.1Y... 100mm Auto,
PattBodyiPad, 13Fir...  Z0mm Auto,
Edit list. .. I Edit ranges and step. ..
—Available algarithms
Algorithm bype : |Simulateu:| &nnealing Algorithm j

—Selected algorithm settings

—Running Crikeria
Convergence speed Fast ;I

— Termination criteria
Maxirnum number of updates |2|:||:|

'3 Consecutive updates without improvements l5':|

A Maximurm kime (minukes) |5

— Cpkimization data

4 Save optimization data

Rur Cptimization IO With update visualization @ Without update visualization

@ oK l \l.ﬁ.pplyl lﬂCanceII
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Improvement of Productivity —RJASTcrR
@ Design Optimization with User-defined Algorithms

In order to reduce the number of loops
between Design and Simulation, designers
can perform preliminary optimizations

Minimization of surface area

Deformation of space that contains the model
(Freeform deformation)

Use of smooth functions Start object
Decoupling of geometry and surface parameters
High parameter reduction

Accurate observation of geometrical constraints

Key-in of additional optimization conditions
through the CAD System

Approach can be combined with several
optimization methods. T T

Results can be visualized in the CAD-System

Generation of an object
with minimal surface area
In respect to constraints
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Improvement of Productivity
Using artificial Intelligence for Rapid Development

EVOCAT

The EVOCAT system enables the automated generation of design variants
No programming skills necessary
The user does not need to know mathematical details on optimization principles

The EvoCAT is integrated in the CAD/CAE environment that is familiar to the user (e.g.
CATIA V5)

The EvoCAT is used in early stages of the design process

Principle
Constraints are fixed by the user

Evolutionary algorithms are applied to identify the best appropriate variants, in respect to the
“survival of the fittest” principle

Use of probabilistic instead of deterministic rules
Application for continuous, discrete and multimodal functions

Parallel computing (heterogeneous hardware -Windows, Unix), load balancing, resource
monitoring, many CAD-sessions per processor, etc...

An additionally enhancement was achieved by using neural network to speed up the
calculation
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Improvement of Productivity
Using artificial Intelligence for Rapid Development

EVoCAT

Geometry is an element of the CAD
system

Geometry creation and representation by
the CAD system

Computation and simulation tools of the
CAD system are accessed

Availability of Data (CAE, CAM, export
formats)

Constraints can be set with graphical
elements

Functions of CAD/CAE system help to set
the optimization target

Results are available in CAD system
without any import

© PROSTEP AG - 200/ NN 28/09/07 — Seite/Page 12



Improvement of Productivity with KBE
@ KBE-driven model Simplification for FEM

—

In order to generate a geometry that is suitable fo  r FEM analysis, KBE
functionality (Rules, Macros, etc...) is used to deac tivate or delete features
(Chamfer, rounding, holes, etc..) in a CAD model

Use of the simplified models in a process chain, e.  g.

FEM-Meshing /-Computation,
Data exchange (Reduction of data volume)
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Model based Engineering Collaboration
@ Federative Concept

Federation addresses the interoperability of heterogeneous SW
Not: integration or harmonisation, which would impact the usage of legacy tools!

Leave SW-tools within eng. domains untouched: transfer relevant information
from one tools output to another tools input (via common repos.)

Top Level Product
Requirements

populate

Design DDB populate
Data-Basis |ver. X.Y
I 4
<
S
)
Perform
Studies
Evaluate /
Studies
CMD = Common Models and Data
IM = Input Model
IMI = Input Model Instance
OMS = Output Model (Shared)
OML = Output Model (Local)
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Skill A

Geometric
Concepts /

Workflow Management:
\Change propagation

¢ Skill B

Weight
calculations

Collaboration
Services _~
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(4)Model based Engineering Collaboration
@ SOA Prototype for Federating CAD and CAE

Data to be shared is stored into coll. database
CAD and CAE views are generated out of shared data

Some services
Converting Services (from native to STEP)

Parameter extraction (collaboration data is extracted from CAD and
made available for sharing purposes)

Parameter Mapping

Collaboration data is
extracted from CAD and
stored in coll. data base

Although each discipline
uses its own terminology,
collaboration parameters
should be retrieved
independently of the
name it has been stored
with
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Improvement of Productivity
@ Generating the Simulation View with Artificial Intelli gence

Objective

Engineers should focus on core task instead of performing repetitive activities (e.g. deleting
chamfers on a model that should be computed, looking for information).

Approach
Generation of a simulation view out of the product model

KBE can generate Bill-Of-Materials, export parameters, and constraints to be used for
simulation

KBE can generate Mass estimations
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Improvement of Productivity
@ Use of Simulation Templates in CATIA V5

Simulation templates enable knowledge _ re-use, gaining of time, etc...

CATIA V5 Publications are necessary to define simul  ation templates

Simulation conditions are assigned to published ele ments, therefore the analysis file
looks for names (published names) instead of models UUIDs

The geometry of models to be computed should be com pliant to loads defined in the
simulation template

Definition of Material, Boundary conditions, loads etc..., on published features,
then storage of the template that can be re-used fo  r other models.
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Improvement of Productivity
@ CAD-CAE Model Mapping (CATIA V5, MATLAB)

Multi-disciplinary Simulation reduces iteration loo ps between CAD and CAE
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Summary

In order to increase the engineering productivity, the whole engineering loop
between design and simulation has to be considered

Knowledge-Based Engineering can be applied to achie  ve an efficient design
Automation of repetitive design tasks
Design optimization
Preparation of simulation

The engineering productivity can be improved using artificial intelligence to
speed up the development

The design as well as the simulation process can be optimized through re-
using

Use of Design Templates (Knowledge re-use)

Use of simulation templates (Knowledge re-use)

The engineering productivity can be increased by im proving the collaboration
of CAD and Simulation disciplines

Appropriate concept for collaboration (e.g. Model b ased collaboration)

Appropriate architecture for collaboration
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For further information please contact

Dr. Alain Biahmou

Senior Consultant
PROSTEP AG
alain.biahmou@yprostep.com
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