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THRUSTS - Applied Research
Graduate Students EDI ,
Demonstration Projects
Education/T raini ng 
Consulting Information
Technology Transfer (eg,

EXAMPLE SPONSORS
Digital Equipment Motorola Boeing
US Air Force DARPA SDRC
US Army AMCOM DoD / DLA NASA
General Motors NCR Bell South
Shinko Electric Lockheed NSF
Emory Hospital Russell Mfg. IBM
GIT Materia Handling Research Center Consortium
GIT Manufacturing Research Center Consortium
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Georgia Tech EIS Lab

CALS Technology Center 
Management Organization

Georgia Tech 
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Programs

Dean of 
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Georgia Tech 
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(GTRI)

Gndualc Students.
Recearch Project, 
InAxtiy Linkages

Packaging
Research Center — 

R.Tummala

Manufacturing 
Research Center 
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CALS Technology Center 
Divisions

♦ Engineering Information Systems (EIS) L글b
-Applied Research o Industry Projects
-Graduate Students, University Courses

♦ Atlanta Electronic Commerce Resource Center (ECRC)
-Helping DoD Vendors Move Up the Electronic Commerce 

Continuum
-Training, Outreach, Technical Support & Services

.Center for Information Technology Insertion (CITI)
-Industrial-Strength Information Technology Solutions

Engineering Information Technology 
Research, Education, & Insertion

'츤뗜흔떠•**5 ©ar • 너Wf 3 ♦ •■•batgg 4
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Georgia Tech EIS Lab

티S Lab People
Faculty & Staff Graduate Researchers
Tai Cohen - Researcher Ang이a Birkes
Robert Fulton - Director, Professor Ashok Chandrasekhar
Haruko Peak • Tech이cal Assistant S 이 cuk Cimtalay
Russell Peak - Asst. Director, Researcher Xia이ing 너e
Andrew Scholand - Researcher Chien Hsiung
Adrienne Rollerson - Student Assistant Donald Koo
Miyako Wilson - Researcher Dennis Ma
CALS Technology Center Staff M.C. Ramesh (Trilogy)

Visiting Researchers
Andrew Scholand 
Srivatsa Shamanna (ITI)

Sunn-ho Kim, Myong-Ji University, Korea Miyako Wilson
Changhee Han, KAIST, Korea Sai Zeng
Ryuichi Matsuki, Shinko Electric, Japan 

Undergraduate Researchers 
Steven Smith

■: Q•우*墳***饥，3
'、©git Enginaering Infbrmatnn Systems Lab ♦ ebiib.gatach.adu 5

티S Lab Alumni

PhD

Engineering Information Technology 
CAD/CAE/CAM, Analysis Integration Parallel Processing

내 asters
Wei Chang, General Motors
Janice Chinn, U. S. Air Force 
Michael Y. Gabertan, Mot아이a 
Neil 너all, IT Co.
Trey Jernigen, Lockheed
Miyako Wilson, Georgia Tech (3Q99)

PhD
C. Chiang, University in Taiwan
Kuoning Chiang, Taiwan Super Computer Center
Dietmar Goelich, MBB/Daimlar Benz
Jason 너ar, Korea
Rong Fu Ou, Engineering Consulting Firm
Phillip Su, NASA Langley Super Computer Project 
Sang Synn, Hyundai Heavy Industries Co. Ltd.

Bipin Chadha, Lockheed
Gintas Jazbutis, SDRC - Boeing Consultant
Deeptendu Majumder, Computervision Corp
Russell Peak, Georgia Tech CALS Tech. Center
Ravi Rangan, SDRC - Boeing Consultant
Diego Tamburini - SDRC - Boeing Consultant
Ching-Yang Wang, Boeing
Pete Wh이an, Sematech
Chao-pin Yeh, Motor이a
Wen Zhou, Motor이a
orXSyX&X* 
*3*扣观冷 Ogit Engintaring Informalion Systams Lab * eislab.gatach.edu 6
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Georgia Tech EIS Lab

Example Information Modeling Research 
and Industry Linkages

Tonic Graduate Student Industry Linkage
Engineering Data Modeline Methods Gintas Jazbutis AT&T
Database Aonroach for Desien Changes Tai Cohen GM
Database Approach for Aircraft Conceptual Design Neil Hall Lockheed, McDonnel

Douglas______________
Reengineering Aircraft Maintenance/Repair Angela Birkes, 

Tai C 아len
WR-ALC

Laser Scanning of 3D Part Geometry M. C. Ramesh WR-ALC
STEP Models for Foreine M. C. Ramesh Lockheed Martin
Prototype Multimedia Autobroker Angela Birkes, 

Chien Hsiune
BellSouth, DEC, 
Emory Hospital

Virtual Manufacturing Assembly Chien Hsiune
Multimedia Database on Olvmoic Construction Angela Birkes
Parametric FEA Modeling Methodology Wen Zhou Motor이 a
Assembly of Product Data to SuDDort Analysis Diego Tamburini STEP Tools Inc.
PWA Comoonent Lavout Ootimization Andrew Scholand GT MARC
Electronic ComoonengDe 血 n ODtimization__________ Selcuk Cimtalav GT MARC

7염*談* g* Enoinawina Hwirntton Svatema Ub * aialKb.oriMh.Mki 7

Research Thrusts
♦ Analysis Integration
-Design-Analysis Integration (DAI)
-X-Analysis Integration (XAI)
-Modular parametric finite element modeling
-Optimization

♦ Engineering Information Technology
-Internet-based engineering service bureaus (ESBs)
一 Engineering change management
-Product modeling
-Engineering information standards (e.g., STEP)

♦ Parallel Processing

Applications
Aerospace, Automotive, Electronic Packaging, etc.

허% EnoZMc이!*rmtiM 8
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Georgia Tech EIS Lab

X-Analysis Integration 
(XAI/DAI) Research

Georgia Instit니te of Technology 
Engineering Information Systems Lab 
eislab.gatech.edu

Design-Analysis Integration
♦ Goal:

Improve the product development process by 
integrating design and analysis models

♦ Challenges:
-Heterogeneous Transformations
-Diversity: Disciplines, Fidelity, Design Tools, 

Analysis To이s
. One Solution:

The Multi-Representation Architecture (MRA)
♦ Initial Focus:

Automation of ro니tine analysis

臨爆 ogiT EnQineoring Information ♦ 하・l・bq・t・ch・du 1。
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p/a Tech EIS Lab

Analysis Integration Challenges: 
Heterogeneous Transformations

. Homogeneous Transformation
Design 

Model A

Mentor Graphics

STEP 
AP210 ■>

Design 
Model B

♦ Heterogeneous Transformation

Design 
Model A

STEP
『AP210 - '.............

Mentor Graphics Ansys

Analysis 
Model A

Analysis Integration Thiwst

Design / Process

E取*”心 C&버* coo折对anatvs* mod祕 12
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Georgia Tech EIS Lab

Components of EIS Lab 
Analysis Integration Technique

♦ Conceptual architect니re: MRA
♦ Methodology
♦ General purpose MRA toolkit: XaiTools
-Toolkit architecture
-Users guide
-Tutorials (work-in-process)

♦ Product/company-specific applications
一 PWA/Bs (ProAM)
一 Aerospace structural analysis (Boeing PSI)
-Chip packaging/mounting (Shinko)

See http://eislab. gate아l edu/ for references

O OtT Englneertng Intormation Syatsns lab .[ 3

Multi-Representation Architecture (MRA) 
for Design-Analysis Integration

(分 Analyzable 
Product Model @ Context-Based Analysis Model

♦ Composed of four representations (information models)
♦ Provides flexible, modular mapping between design & analysis models
♦ Creates automated, product-specific analysis modules (CBAMs)
♦ Represents design-analysis associativity explicitly

EnairiMrina Information Svatams Lab * «Uab.gat«ch edu
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Georgia Tech EIS Lab

Design-Analysis Integration 
Methodology

♦ Provides technique to bridge CAD-CAE gap
♦ Uses Al & info, technology: objects, constraints, STEP

Enoinewina InfannaHon SvMmm Lab • aNab.gatKh^du

XaiTools
Prototype X-Analysis Integration Toolkit 

Second G❹n❶ration ・ J角va・based

Multi-Representation Architecture (MRA) ♦

Analysis Modules & Building Blocks
Constraint Schematics Implementations

Product-independent MRA toolkit
Lexical constrained objects (COBs)
-Data-driven creation
-User-adaptable

Mathematica constraint solver
-More capabilities

SMM-type wrappings:
-FEA tools: Ansys, Abaqus*
- Symbolic Eqn. Solver: Mathematica

Extended APM technique for design links:
-CATIA MCAD modeler

Updates/Extensions in progress*:
-PWB/A: GenCAM; STEP AP210-based 

APM link w/ Mentor Graphics Boardstation
-Generalized MCAD modeler links
- Advanced parametric FEA transformation
-Object-Oriented Optimization
-CORBA-based tool interchanges
- XML views of analysis results etc.

16
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Georgia Tech EIS Lab

Flexi이e 니igh Diversity Design-Analysis Integration
Tutorial Examples: Flap Link (Mechanical/Structural Analysis)

MCAD Tools
CAT!A

Modular, Reusable 
Template Libraries

Analysis Mod니es (CBAMs) 
of Diverse Mode & Fidelity

XaiTools Analysis Tools

I General Math
I Kdathematica

Extension

XaiTools

Materials DB

MATDB-like

1D

Enain««ring Information Sv>tam« Lab ♦ eialab.gatech.sdu

XaiTools Tool Architecture
Company/Product-lndependent View 

［同가ogress & Potential Extensions as of 6/99
MCAD: CATIA 

IDEAS七 Pro/E*, AutoCAD* 
ECAD: Mentor Graphics (AP210) 

Accel (PDIF, GenCAM)*

Design 
Tools

Template Libraries: Analysis Packages*
CBAMs, ABBs, APMs, Conditions* 

Instances: Usage/adaptation of templates

Analysis Mgt Tool* 
Pullabte Views* 

Condition Mgr* ...

COB Schemas

Matenal 
Property 
Manager

CAD Tool

COB Instances

Persistent 
Object 

Repository

Java blob,* 
ODBMSa, PDM・

COB Server

Standard 
Parts 

Manager

Other CORBA 
wrappers*

objects, x.coi, x.step

objects, x.cos, x.exp

COB ArnUy 니* Tools 
Navigator: XaiTools 

Editor (text & graphical)

Tool Forms 
(parameterized ―► 

to 이 modelM내 f SMMs)
Analysis
CodM

J Constraint 
Solver

asterisk (*) = in-progress/possible extensions
■泠•，하/*;*;*) 

J- eG)T

FEA. Ansys, E/fini*. Abaqus* Mathematica 
Math: Mathematics, MatLab*, MathCAD*
EnaineMna Intxn/l서&廿翠£斜号金labqmtchQdu

Custom Tools

18
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Georgia Tech EIS Lab

Example Projects
♦ Team Integrated Electronic Response fTIGER)
-Sponsor: Defense Advanced Research Prog. Admin. (DARPA) (SCRA subcontract)
-Period: 9/95-3/97

♦ Subsystem Interface Integration (Sil)
-Sponsor: NASA (Lockheed Martin subcontract)
-Period: 12/97-5/98

♦ Product Data-Driven Analysis in the Life Cy이e Support Process
-Sponsor VW©ht Patterson Air Force Base (WPAFB)
-Period: 12/97-6/98

♦ Product Data-Driven Analysis in a Missile Supply 아lain (ProAM)
-Sponsor: Defense Logistics Agency National ECRC Program
- Stakeholder: U. S. Army Missile Command (A배COM)
-Period: 8/97-6/99

♦ Design Analysis Associativity Technology for PSI (PSI-DANTE)
-Sponsor: Boeing
-Period: 9/97-12/98 (Phase 1)

♦ Design Analysis Integration Research for Electronic Packaging
-Sponsor: Shinko Electric
-Period: 1/99-12/99 (Phase 1)

豔'製* © g* gnorina ln<아*<1 Syffa . giib.gattmw 19

STEP AP 210 
PWA/B Design Information
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Georgia Tech EIS Lab

ProAM Technical Team

$拦魄血 Lab . 0间mgedmdu

ProAM Scenario
Highly Automated internet-based Analysis Mod니es

RFP& 
STEP, etc.

Engineering Service 
Bureau

Response to RFP, 
Technical Feedbackc

ProAM Focus

Technical Feedback

EnginMHna infcrmation Sytf»m> L»b * tnftb.gtftth.adu.

Results, 
Issues

RFP&
STEP, etc.

f Friona、、

PWB Fabricator 
y sme 2 y

RFP& 
v STEP, etc.

MissUe
Prime 1

Rockhil
PWB Fabricator

SME 1

World Wide
End User
AMCOM

Tempe
PWB Fabricator

SMEn

22

Feedback Life Cycle 
Needs
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Georgia Tech EIS Lab

Why Do SME Manufacturers 
Need Analysis?

♦ Typically niche-experts
-Precise mfg. process knowledge
-Specialized product design knowledge 

(ex. I기Mb laminates)
♦ SME analysis needs .

一 Product improvements (DFM) 塞

-Mfg. process troubleshooting 弓

- Mfg. process optimization f 쁴

♦ More accurate data -> Better analysis
♦ Bottom line drivers:

Higher Yields, Lower Cost, 
Better Quality, Fewer Delays

Ecoinwig I하여) Sb .

Barriers to SME Analysis

♦ Lack of awareness
♦ High costs of traditional analysis capability
-Secondary: Specialized Software, Training, Hardware
-Primary: Model Access/Development, Validation, Usage

♦ Lack of domain-specific integrated tools

Product Model Analysis Model Skilled Personnel

•海
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Georgia Tech EIS Lab

Internet-based Engineering 
Service Burea니 (ESB) To이s

Analysis Documentation Ready-to-Use Analysis Modules

Lower cost, better quality, fewer delays in supply chain

OGIT Enatneerina Infofmatiod Svstemt Lab * eislab.aatach.edu 25

藁螂 Pape.ba옹ed IPC-D-279
風할叫 Plated Thro니gh 너ole Fatigue Analysis

Tedious to Use

Enginearina Information Sv<tem* Lab • eialab aatedi edu

參表璐恳辭慾携膏辭懿冬 
忌箋磷쪌^言*怨

“，、 、

PTH/PTV Fatigue Life Estimation

IPCD279

Design Guidelines for Reliable 
Surface MaunL Ttjchnology 
Printed Board Assemblies

潑燧繼戀懸参；

谶廖繼豫濺务龄鏡：

綏熒霧
讒織?絲變驟荻

rciMn
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Georgia Tech EIS Lab

跖踰 Prod니ct Data-Driven
剛炒 |PC-D.279 PTH Analysis Mod니e
匿XML!》

Easier to Use
GenCAM/GenX 4 Data Driven aspect: 

Web Browser 
Processes Ne니tral File 
+ Local Browser 

Computation

Xparse
，■京- JavaScript
▼欢 parsing

gw

<?XB1 
I'BOCnPt CenX SYSTEM "g«M.<Kd*> 
<C«aX> 

cittuEK cr)o_veiaio«—o.n- 
GWIUTtMT我-FXK” 
maUTEMY-90TTV1M VEUICK--JindTl- 
»IUNSKtt—TBOV C«IO VALW50' 
JNCLEWI-ra-"bECUES* BI9T»Y--i- > 

<USEULT sir
成。ni-NWCW HUE—Bm1«m C100 
KtoOKd" NunEX-"lil49-14Slla MVJSIOf— 
5“。20->

<!TTItI>Un GnO9F""«lpMa 
naze" ViLDt-'tlS 9t00" />

_ <XTTnilUTE CROVP-"«lphB*

：："每圈I씌여 (oaMtuMOolvpOMiXflk^

3 馈6^ ■ ~

ss由_ 际荏 
thicknm.

PTH ”
Pr^crtki

■ + Less Errors than
man니al idealization 
& re-entry

+ Exhaustive search
+ Data Compression 

(e.g. 100x)
+ Security

EtWM*rinQ hlbnarioft Syriwna Ub • «Mab.aat«d>.*du 27

ESB Analysis Module 
Catalogs & documentation

PWB Analysis Services (Bare Board)

CoeflkietM eCTMnMi Bed”

FWBWwvaceAariyrii

::Tbennil Bendinc Model

-ClMHcdLwEni Theory M

Phnt Se Mod為
Vm・or>)

；PTH Dd*«nuad»« A FadgMt

MnnanBeini Model

:Ain>TnnKfrK Model

-PataarM-Mmt Model

IPC 279 Model 
:;(c0nd«r/Coffin-MM>ot>)

PWB L V Deilpi

'itoccun mi the FWBI (For fchfaer dcudt.

Te・*ergeCh・* *C修cm2$*t・9$*C)
Specific CotSciaia of TMmd Bed做 % ■1.10kI0-TAC (from 25* to 
95・C)

IMefMnri&B. mU) Len^>L-27snni 
UBde&nM4*nadaicMtB 1.01 bm>

Wvpage 8= % 0NT

Steen* nn*Mi nteim «W> cww wwy«te 
*Mn>d n*mntn(CTE) BMMtchbMw«M4K dlwe may widi
toKwchdu ni/Ktnx bwlu far afar c«npwie ilruciuret wtikh w«p due to 
■iKMtchedCTE).

TMnnai

28
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Georgia Tech EIS Lab

ESB Characteristics

.

.

Self-serve analysis
-Pre-developed analysis modules 

presented in product & process contexts
-Available via the Internet
-Optionally standards-driven (STEP, GenCAM ...)：

» Reduce manual data transformation & re-entry
» Highly automated plug-and-play usage

一 Enabled by X-analysis integration technology
Full-serve analysis as needed
Possible business models:
(beyond ProAM scope)
-Pay-per-use and/or Pay-per-period
一 Costs averaged across customer base

：Oaoroi*
.匸海牌 gw Engirvwing IMormatioc L.b .・Wab.qmch.edu 30
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Georgia Tech EIS Lab

ProAM Design-Analysis Integration
Electronic Packaging Examples: PWA/B

ECAD Tools 
Mentor Graphics, 

Accel*

러 Modular, Reusable 
Tem께ate Libraries

PWB Layup Tool

Laminates DB

Materials DB 
rzzn & Fatiqu®**

XaiTools

Analysis Modules (CBAMs) 
of Diverse Mode & Fidelity

Analysis Tools 

General Math 
Mathematica

FEA Ansys

XaiTools

, = Item not availaNe in XaiTools prototype (^1 Mheis have working exait甲tes) 
** = Item avaiiabie via uyngineer.com, but not taXaiToelx prototype 

Endnwrina MtenntfQn SvtfMiw Lti>. ai*H>,aai«eh,«du

2D

Iterative Design & Analysis

PWB Layup Design Tool

-162-
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Georgia Tech EIS Lab

Aerospace Structural Analysis Test Case
G「「Work in Boeing PSI Project

Design Objects

Modular, Integrated, Active, Multidirectional, 
Reusable, User-Definable

EnGzerin。林어' System，Lab ♦ 하slabq&tech.edu

Flexi비e High Diversity Design-Analysis Integration
Aerospace Examples:

“Bike Frame” / 디ap Support Inboard Beam

CATlA

MCAD Tools

XaiTools
1.5D 

Fitting: 
Bending/Shear

3D
Assem 이y:
Ultimate/ 

FailSafe/Fa而心

• = Hem not available in prolot> pc (al) olhcrs have woikii^ examples) 
Enainwing WormaMn System, Sb . eSbqaSch.dii

Modular, Reusable Analysis Modules (CBAMs) 
Tem어ate Libraries of Diverse Feature:Mode, & Fidelity

XaiTo 시s Ana|ySjS Tools
1.5D

Lug:
A〉dal/아)lique;

Analyzable 비 timate/Shear
Product Model "L- 
-------------------

In-House 
Co. Template * 

or 
General Math 
Mathematica

FEA 
Elfini*

-163-
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Georgia Tech EIS Lab

Analysis Integration Summary
♦ Strong emphasis on X-analysis integration (XAI/DAI)
♦ Multi-Representation Architecture (MRA)
-Addressing fundamental XAI/DAI issues
- General methodology -> Flexibility & broad application

♦ Relevant project experience and research advances
一 Product data-driven analysis (STEP AP210, GenCAM, etc.)
- Engineering service bureau (ESB) techniques
- Object techniques for next generation aerospace analysis systems

♦ Research, applications, and technology transfer
- Analysis integration toolkit: XaiTools
- Pilot commbrcial ESB: u-engineer.com
- Company-tailored engineering information systems solutions

♦ Industry & government collaboration

OGiT EnoingX 때Mis ♦ 저・4*1，少4加 35

For F니rther Information ...

. 티S Lab web site: http:〃eislab.gatech.edu/
-Publications, project overviews, tools, etc.
-See Publications, DAI/XAI, Suggested Starting Pokits

♦ Pilot commercial ESB: http://u-engineer.com/
-Internet-based self-serve analysis
-Analysis module catalog for electronic packaging
- Highly automated front-ends to general FEA & math to이s

36
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