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e-Design Center Motivation

Discrete mechanical products:
= $1 trillion in U.S. revenues per year

70 - 80% of product’s acquisition costs committed at
design time

Government and consumers need faster and cost
effective product acquisition

Industry needs to respond quickly with cost effective,
high quality products

E.g. Automotive design cycle now 36 — 48 months:
= needs to be 12 months

Internet-based design studio will achieve this

Physics-based virtual prototyping will significantly
reduce complex product design and realization time



Industry Technology Needs

Design paradigm that is virtual service oriented
with plug-and-play capability

Interoperability among heterogeneous systems
Collaboration among stakeholders (e.g. suppliers)
Remote and distributed design via Internet
~unctionality-based conceptual design

~rom concept to form

Direct constraint imposition

Multidisciplinary constraints

Scalable, flexible and efficient platform




Industry Technology Needs
(Contd.)

= Agent-based models for simulation
» Operation Research-based Optimization tools

= Virtual product prototyping with Physical laws
realization



Research Areas

Research Thrusts and Clusters

{g Information Infrastructure & Architecture @ Conceptual Design Tools

— Information Management

—— Communication Protocols
—— Collaboration Methods
— Information Representation
— Information Repository
— Security & Accessibility
—— Intellectural property rights

—— Transition/Migration Strategy

L

—— New Design Process

——Design Cycle

—— Product decomposition

— Uncertainty & risk management
— Incentive structures

——Design Information Representation

—— Design Tool Interfaces

——Design Simulation
——Human/Computer Interface

& Optimization
——Design Representation

—— Setting of Standards
—— Knowledge Representation&Retrieval
— Preferences

— Constraints
—— Conflict Resolution
— Optimization

Multidisciplinary Constraint Management Virtual Prototyping & Simulation

—— From function to form
— Visualization tool

— Virtual test & simulation

— Virtual Prototyping



New Design System Views

* Functionality-based design and reasoning

* New networking capabilities to reduce design
cycle times

» Systematic product decomposition for effective
distributed product development

» Definition of specification for the decomposition
elements

* Product data management in the supply network



Design Data Presentation

*Form generation

*Functionality embodiment and product
nehavior tests

» Computer visualization

» Human/computer interaction

» Design reasoning

= Semantics

* Modeling accuracy, precision, and resolution




Customer View

*Direct participation of customers

» Automatic accommodation of preferences
= Scalabllity

= Flexibility

= Efficient collaboration

= Multidisciplinary product design evolution



Design Optimization

= Constraint representation

» Constraint propagation

= Constraint integrity

» Conflict management and negotiation
= Result interpretation

» Simulation



Conflict Management and
Negotiation




Information Infrastructure and
Architecture

* What is the information needed throughout the life cycle?

* Information protection and security (at the product attribute
characterization and specification levels)

» Seamless sharing of information across internatione
boundaries

* Information storage/retrieval and data mining strategies
» Creation of a knowledge depository

» Classification of Information in the depository (Proprietary
Public and Shared)

* Maintaining and representing the Interpretation o
iInformation for use by down stream applications an
processes.

» Record of Reasoning process, how results were derived
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The Structure of the e-Design
System Platform
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Supply Chain Interaction in Pegasus

Service Providers
FEA (ANSYS)

Material (ALCOA)

e Conceptualization
* Virtual Prototyping
* Virtual Simulation

e Transparent Analysis
* Design Repository

o Conceptualization

* Virtual Prototyping
* Virtual Simulation

e Transparent Analysis
» Design Repository

Pegasus
Platform

ystem Integrators P
(e.g., GE, Ford, OEMs
Pratt & Whitney, Collaboration (e.g., Delphi, ALCOA)
Boeing, Respironics) Product Specification
Design Constraints
Design Validation




System Architecture

* |Interoperable * Transparent
= Portable = Compatible

= Extensible = Peer-to-peer
= Scalable = Plug-and-play
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Heterogeneous Data Interoperability

= |ssues of interoperability for CAD/CAM/Analysis

= Heterogeneous data wrapped or indexed by XML,
Including various CAD data (.igs, .step, .sat, .x_t, .prt,
...), texts, graphs, images, etc.

* Product information linkage

= Encourage collaboration, knowledge reuse, lean
engineering information exchange.




Universal Linkage Model
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roduct Markup Language

Geometry UL Model

consists-of consists-of

K — distance = d «

—_ —_—

PML file

<?xml version="1.0">>
<pml:GEOMETRY xmins:pmi="http:/Amww.pitt edu”
xmins:xsi="http:/imww.w3.0rg/2001/XMLSchema-instance”
xsi:schemaLocation=
“hitp:/Awww.pitt.edu
line.xsd">
<pmlPOINT x="0.0" y="0.0" z="0.0" id="p0">p0</pml:POINT>
<pmkPOINT y="1.0"y="0.0" z="0.0" id="p1">p1</pml:POINT>
<pmlLINE>
<pml:refPOINT xlink:type="simple" xlink:href="#p0"
Xiink:show="embed" Xlink:actuate="onLoad"/>
<pmlrefPOINT Xiink:type="simple" Xfink:href="#p1"
Xiink:show="embed" xiink:actuate="onLoad">
</pmlLINE>
</pm:GEOMETRY>
<pmi:CONSTRAINT>
<pml:conDISTANCE xlink:type="extended">1.0
<locl xlink:type="locator" Xlink:label="start" xiink:href="p0"/>
<loc2 xlink:type="locator" xlink-label="end" xlink-href="p1'/>
<arcl xlink:type="arc" xlink-from="start" xlink:to="end" xlink-actuate="onRequest'/>
<care? vlink-tvne="arc" vlink-from="end" vlink‘tn="ctart" vlink:acti iate="nnRen iect"/>



Constraints Representation

Multidisciplinary

Directly support design participants

Constraints

Design knowledge exchange

Directly support optimization

Non-geometric I
Lnufacturingi Assembly i Environmenti Human Factorsi Maintainabilityi Reliability i Material

STRUCTURAL
OCESS/TOOLING | | PROCESS | [ ENVIRONMENT ] ( ANTHROPOMETRY | ( MTBM ]| MTBF ] [ ivdecid
MATERIAL [ JIG/FIXTURE | [ ConaeE ] ( PHysioLogY | ( MTBR ] (__HAZARD RATE | [ PROPERTY
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Geometric

Intra-featurei Inter-feature Tolerance i

( orrseT ] [ PaARALLEL | [STRAIGHTNESS) [ FLATNESS |
( CONCENTRIC ] (PERPENDICULAR] ( ROUNDNESS ] [ ANGULARITY |
SQUARENESS | [ CYLINDRICITY



Product Functionality

How can components (P, P, P3) be
described to capture functionality related
ISsues In the design and operation

of the product?

How can the relationship of P,
with components P, and P,
e described?

How can functionality description
be modeled In computer system?

How can functionality be propagated
to downstream design activities?



Functionality Primitives

RECUINITRGIprecucitnctienaltes can
PENmerElcarasiapimitierand lsSea as
2 fepesite/ eirreusanleprorlch KnowWleege:

SpPecIfic products can be modeled through
thelr constituent functionality primitives,
providing a more natural vasis of
Interaction wWith the designer.

Transformation; Transmission; Joint;
Load bearing, Energy Conversion;
Frictional; Offset; Guard; and Block.




Slider-Crank Functionality
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6utput Link-Crank Functionality
Definition

Functionality
Entity

Object (O,)

Attributes
(Aiq)

Attribute
value (Vo)

Object State
S1q = (aiqs’viqs)

Relation (R,)

Form
M annina (F )

Functionality object 1
1=1)

O,, = Force(F)

A, |Fl A, dir,

A, _nature, A, _ location

114 =

eg. V,,; =13, 12]N;
V,, = (@,gl)rad; etc

Siimag = {0,3, ...}
St1dir = {(dir,(ab,0)),

(dir,(d,gf)), ...}
Ry ={ry, (044, 0,) | 11}

Fp = {(ryp fia) [ FRo, FR L -

Functionality object 2
(k=2)

O, = Torque(T)

AL [T, A, dir

12, 46]Nm
clockwise]

|
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Assembly Operation Tools (AOT)

¢ Generate design for assembly and

Assist a designer during assembly Joining _
and joint design process ¢ Represent an as_sembly a_nd Imply the
various effects, I.e., physical and
¢ mathematical effects of joining
operations

) I . .
redict expected assembly problem | 4 Assembly operation analysis process

Imbedded into assembly design

I process

; ; _ ¢ Formalism to specify the assembly
Provide design alternatives relations symbolically, which has
mathematically solvable implications.

¢ ¢ Designer’s intent preserved by using
— spatial relationship-based
problems ¢ “Plug and play” capability with a

designer system, such as Pegasus



Architecture of AOT

\ssembly Operation Tools (AOT)
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AsM Engine

Assembly generation based on the assembly
design formalism

Joining method specification

Additional geometric feature generation (e.g.,
weld bead, rivet, etc.)

Geometry preprocess for analysis



Procedures of the assembly design

formalism
Assembly Com@

Spatial Relationship
Specification

Mating Feature
Extraction

Joint Feature Formation
and Extraction

Assembly Feature
Formation

Engineering Relation
Construction

!
@mbly Model




Example of GARD — Generic Assembly Relationship Diagram

FF FF

12 22

DC, DC,

FF, MF, MF, JF, DC, FF,,

MF MF JF DC MF MF JF DC

l"-..“ " .... R
i P3 }4—‘ FFD ﬂFM '—N. P4



Example of assembly design formalism

= Plate_a & plate ¢
= welded joint

» MF3 = {S/R, [mating components (mating entities)]}
= {against, [P, (top_surface), P, (bottom_surface)]}

= MF4 = {aligned, [P, (I,), P (I)]}

= JF2 = {joining method | [joining components (joining entities)] |[ joining constraints]} = {GMAW | [P,
(e,1), Ps(e.) | P, (eL), Ps (e.,) | [welding_condition], [fixture_location]}

» AF2 = {mating features | mating bonds | joint features | [material] | [implied d.o.f. before assembly],
[implied d.o.f. after assembly] | [implied constraints]}

= {MF; , MF, | MB;, MB, | JF, | [Aluminum Alloy 6061 - T6] | [{plate_z::rot_z}, {lin_I,:: lin_I,}], [{fix}
| [tolerance]}

» MB3 = {mating pair (mating features [form features ( parental relationships, dimensional constraints)]
| mating conditions (S/R, [d.o.f.], [implied constraints])}

= {MP;
(MF, [FF,, (FF,,, P,(100.72, 23.34, . ), #D,; FF,,, P,(50, 20, . ), £D,), F5; (OD |
MC; (against, [{plane_z::rot_z}], [tolerance]))}

= MB4(aligned)

= {MP,
(MF, [FF,, (FF,,, P,(100.72, 23.34, . ), =D,; FF,,, P,(50, 20, . ), £D,), F5; (OD |
MC,(aligned, [{lin_l;::lin_l;}], [tolerance]))}




VAA Engine

Virtual Assembly Analysis (VAA) Engine

Selection j
Assembly
Analysis Input Specification .
7 s Client
Request j Service Response
Interpretation

Service Response

rigl Service Request

= Analysis type specificatic
= Loading and B.C.’s

egasus Architecture

CORBA

Engineering Information Analysis Service Provider aSSIQnment
Service provider * Proper solver determinat
Analysis Tools . .
T i = Analysis input generatior

ADINA, CFX, etc.)

= Analysis result
Interpretation



Thermo-structural analysis for arc
welded joints

= Coupled by nonlinear heat conduction
analysis and steady-state structural analysis

= SOLID 70 element (for thermal analyses) and
SOLID 45 element(for structural analyses)




structural analysis for rivet/bolted joint:

= Elastic-plastic structural analysis

= SOLID 45 element (for structural analysis)
and PRETS179 pretension element (for
upsetting processes)

el et B )




PEGASUS ENTERPRISE-WIDE INFORMATION MANAGEMENT ARCHITECTURE

Product Conceptualization
Product Specification
Design Collaboration

Virtual Prototyping and

Information Security Policy
Information Security Matrix
Security Protocol

Management Routine/Engine

Systems Planning

Simulation
Information Needs
R — |
-~ ‘Confidentiality. L integrity
Customer '+ + ___~ N
i .;:;:f:;:;:f:;pﬁt:a.::f:;:;:;:;:;: SOU]’CE
System Inetgrators ;- Authentication:. Authentication. (B SFmation
—— \ / Mangement
. e @@ - & Security
(Cryptography }—{ Non-Repudiation
Supply Chain | | R '

Service Providers




Supply Chain Networ k
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Pegasus System Version 1.0
e LA o 2 comorton

Functionality
Service X! Fa
Provider
Plug-in
Software

'Work Site 1

Design Constraints,

Pegasus
Center
Homepage

e.q., FbD

Conceptual
Design

AO Analysis
Service
Manager

Design Constraints

Geometric
Modeler
(e.g., ACIS-based
modeler)
Solid Modeler
AOT-AsM

- Pégasus Architecture '
CORBA

FEM Service
_______ Providers

e.q., ANSYS,
ADINA

Work Site 2

ign Constraints

Geometric

VOT-VAA ! Modeler :

Engine
Al*Workbench
App

(Parasolid-based

modeler)
Solid Modeler
AOT-AsM




Geometric Modeler

E Pegasus - Geometric Modeler - [crankcse. sat]
@ File Edit Manipulate Create Selection GQuery Yiew Assembly Help _|E|i|

D[] Bla| Ml alel efof o] Bt solals|E| Els|a] R0 sl -]

crankcse. sat containg:
1 body/instance
392 faces (total)

Class:Body
Tywpe:Solid Body

= Body 37368608

= Shell:37380752
#- Face: 37356096
-Face:37369296
-Face: 37388224
-Face:37358224
-Face: 37367744

Farm 37901010

¥ Enable Face Highlighting
[~ Enable Edge Highlighting
[ Enable Vertex Highlighting
M Always Zoom to Selection

Annotate Zoom to Selection

Ready | MR




Analysis Service Request

w = Eﬂ
e | ' — =] %]
D|=| g kel ol elafn bt o|oslS|E| g af Blmo] sl + ||

M wWelding [ x|

Welding methods

t-jointl.sat contains:
2 bodies/instances
12 faces (total)

Class:Body
Twpe:Solid Body Welding Feature
weldline | WeldingCDnditiDn‘
Anakysis Service
= Body:37212112 - -
o Shell- 37206992 StandardAnalysml WAA Engine ‘
- Body: 37221872

+- Shell:37206400
Cancel

W Enabkle Face Highlighting
[ Enakle Edge Highlighting
[ Enabkle Wertex Highlighting
[ Always Zoom to Selection

Annotate Zoom to Selection

Ready LA



Analysis Service Response
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Joint DoD/Academia/ZIndustry
System Engineering for SBA

. . University of Pittsburgh
University of lowa Carnegie Mellon Universit

(Virtual Prototyping) DOD_: SYBUET Engln_ee_r!ng University of Mass. at Amhe
Rapid product acquisition (Pegasus: e-Design/Realizati

' Other Centers

Univ. of Wisconsin/

Univ. of Michigan
(Center for e-Maintenance)



Summary

A design paradigm that accommodates life
cycle considerations for a product

Rapid product acquisition at significantly
reduced cost with six-sigma quality
Virtual and transparent analyses and tests

that are physics-based and with ergonomic
and cognitive attributes

System-to-system interoperability and
collaboration




