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First Generation (2/97): i

Advanced engineering collaboration among DoD Primes & SMEs,
using standards-based tools (TDI/EDI & STEP),
facilitated by ECRC technology & services
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/
o ProAM Project Highlights

Title: Product Data-Driven Analysis in a Missile Supply Chain (ProAM)
Sponsor: National ECRC Program

From DoD DLA/DISA Joint Electronic Commerce Program Office (JECPO),
via subcontract under Concurrent Technologies Corp. (CTC)

Technical Team: AMCOM - Stakeholder, Atlanta ECRC/Georgia Tech (lead)
SMEs: Circuit Express (Tempe), S3 (Huntsville)

Duration: 8/97-6/99

Focus: - X-Analysis Integration (XAl) techniques
- Engineering Service Bureau (ESB) paradigm

- Electronics domain (PWA/Bs) - STEP AP210, etc.

Extensions: - Transform demo ESB into SME commercial pilot

- Release next-generation XAl toolkit
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Electronic Commerce
A Resource Centers (ECRCs)

Provide assistance to government organizations and small
to-medium-sized enterprises (SMES) by introducing
electronic commerce into their business practices

CHZ'F Concurrent Technologies Corporation
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Atlanta
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ECRC Core Functions @ECRC

’hr:rﬁ

Consultation &
Technical Support

Education & Training

Technology Development
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/Pfﬂ/ ECRC Course Curriculum @ECRC

. Getting Started with Electronic Commerce

« Business Opportunities With the DoD Through EDI

« Electronic Funds Transfer

 Internet Basics for Small & Medium-sized Companies

« Technical Data Exchange
. Legacy Data Management
« STEP and Product Data Modeling

Contacts for ECRC Services &Course Schedules:
Atlanta ECRC: www.ecrc.gatech.edu, ecrcinfo@ecrc.gatech.edu, 800-894-8042

National ECRC: www.ecrc.ctc.com
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Outline

Welcome & Background

Project Overview
B o Team

o Motivation & Objectives

o Tasks

o Deliverable Highlights

Break

SME ProAM Experiences
o PWA/B Designer & Fabricator Perspective - Phillip Spann (S3)
o PWB Fabricator Perspective - Jake Roberts (Circuit Express)

Wrap-Up
Discussion - All
Overview of Afternoon Sessions
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AMCOM Mfg. Science & Technology

/
FI’W’AM Group Mission & Objective %

http://www.redstone.army.mil/mrdec/mst/

MISSION - Advance the state-of-the-art in manufacturing
technologies required for production of Army missile and air
vehicle systems

OBJECTIVE - Development and implementation of advanced
manufacturing technologies required to assure both the
availability and affordability of defense materiel through:

® Early identification of new technology insertions
into existing / future systems

® Identification of manufacturing risks / unknowns
associated with new technology applications

® Investments in research, development, and
implementation of advanced manufacturing
capabilities

alnstitute
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! e/ s
g Other MS&T Activities %‘Q&

 Electronics Fabrication and Analysis Lab to
support AMCOM Research and Development

« PWB Design, Fabrication, Assembly & Test
« Cable and Wire Harness Fabrication, Assembly & Test
 PSPICE Circuit Analysis

|
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i AMCOM MS&T NS>
g . R E
: Role in ProAM NS

Army Aviation & Missile Command (AMCOM)
Manufacturing Science & Technology group helped
provide Customer Interface:

» PWB SME’s
1 Rapid Prototyping Shops

As Stakeholder, MS&T group provided Technical
Oversight for DLA and CTC:

1 Performance and Schedule

|
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/ AMCOM MS&T /N
ol |
Py ProAM Team Members %

e Daron Holderfield Technical Oversight
o Jeff Carr Requirements Planning

« Jim Bradt Requirements Planning

||ﬂGeorgiaDm§€dﬂ
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/ Georgia Tech o
i CALS Technology Center * ™

o Engineering Information Systems (EIS) Lab
— Applied Research ~ Industry Projects
— Graduate Students, University Courses
o Atlanta Electronic Commerce Resource Center (ECRC)

— Helping DoD Vendors Move Up the Electronic Commerce
Continuum

— Training, Outreach, Technical Support & Services
o Center for Information Technology Insertion (CITI)
— Industrial-Strength Information Technology Solutions

Engineering Information Technology
Research, Education, & Insertion

Georgialnstitute
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/ Electronic Commerce e
o ECRC

National Program

Provide assistance to government organizations and
small-to-medium-sized enterprises (SMEs) by
Introducing electronic commerce into their business
practices

Atlanta ECRC Role in ProAM

— Program management & National ECRC interface
— Engineering service bureau infrastructure
— Information technology support for SMEs
(Small-Medium Enterprises)
— Technology transfer to SMEM |
% mﬂmJ |‘||
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P

ProAM Emphasis: Primary

| Georgialnstitute
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Helping Organizations Move Up the
Electronic Commerce Continuum

Outsourcing
over the NIl

Secondary P ats brven”

Manufacturin
Distributed
Collaborative
Engineering

Technical
Data
Exchange
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/ Georgla Tech EIS Lab
/?fﬂ/ I

Research Thrusts

0 Analysis Integration
— Design-Analysis Integration (DAI)
— X-Analysis Integration (XAl)
— Modular parametric finite element modeling
— Optimization
0 Engineering Information Technology
— Internet-based engineering service bureaus (ESBS)
— Engineering change management
— Product modeling
— Engineering information standards (e.g., STEP)
n Parallel Processing

Applications

Aerospace, Automotive, Electronic Packaging, etc.

|
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Example EIS Lab Projects

o Team Integrated Electronic Response (TIGER)
— Sponsor: Defense Advanced Research Prog. Admin. (DARPA) (SCRA subcontract)
— Period: 9/95-3/97
o Subsystem Interface Integration (Sll)
— Sponsor: NASA (Lockheed Martin subcontract)
— Period: 12/97-5/98
o Product Data-Driven Analysis in the Life Cycle Support Process
— Sponsor: Wright Patterson Air Force Base (WPAFB)
— Period: 12/97-6/98
o Product Data-Driven Analysis in a Missile Supply Chain (ProAM)
— Sponsor: Defense Logistics Agency National ECRC Program
— Stakeholder: U. S. Army Missile Command (AMCOM)
— Period: 8/97-6/99
o 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)

|
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CALS Technology Center
s Primary ProAM Technical Team

n Bob Fulton - Atlanta ECRC program mgat.
o Donald Koo - Warpage tool and FEA R&D
0 Russell Peak - Program mgt., overall R&D

1 Andy Scholand - ESB, CORBA, GenCAM/GenX,
and electronic packaging R&D; SME interface

o Diego Tamburini - Product Model and STEP R&D
n Sal Zeng - Layup tool and STEP R&D
1 Miyako Wilson - XAl toolkit and STEP R&D

| eftechmelegy ¢ g7 Atlanta ECRC ¢ www.ecrc.gatech.edu Engineering Information Systems Lab ¢ eislab.gatech.edu
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AMCOM Supply Chain SME:
Systems Studies & Simulation, Inc. (S3)

Sy SHEAISHUDIESICISIMUTE T @ NN G
Aoy Taciningd Snatacts Gy Saeries fo dire
DAanes Shang 84X 500 [talirane corpniiaiies

o Small Business (75+ Employees)

7 Minority And Woman-Owned

1 Alabama Corp. Established In 1993

1 Provides Technical & Program Mgt. Services:

DoD, NASA, U.S. Army, Intelligence Community, ...
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/
/?fM S3 ProAM Context

1 Supports AMCOM MS&T electronics lab

— Analyze Requirements

— Validate designs via breadboard

— Design concepts & author specs

— Generate mechanical designs

— Develop electrical schematics

— Design PWB/As & electronic assy’s
— Develop & conduct acceptance tests

7 ProAM Team & Roles

— Phillip Spann - Test case data & background, ProAM
tool usage, Feedback on PWA/B designer needs

— Tim Thorton - Contracting/Mgt. Point of Contact

|
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AMCOM Supply Chain SME:
Circuit Express, Inc.

Small business (35 employees)

Established in 1987
Arizona corporation

Printed circuit board fabricator
— Military and commercial

Quick-turn manufacturer (same day +)

Atlanta ECRC ¢ www.ecrc.gatech.edu

Engineering Information Systems Lab ¢ eislab.gatech.edu
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i Circult Express
/?f ProAM Context

1 Supplies PWBs to AMCOM & Missile Primes

— “Representative” high-tech SME fabricator
— Frequent need for tools: layup design & evaluation

7 ProAM Team & Roles

— Jake Roberts - Test case data & background, ProAM tool
usage, Feedback on fabricator needs

— Terry Bice - Same

Georgialnstitute
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Outline

Welcome & Background

Project Overview
o Team

o Motivation & Objectives
o Tasks

o Deliverable Highlights

Break

SME ProAM Experiences
o PWA/B Designer & Fabricator Perspective - Phillip Spann (S3)
o PWB Fabricator Perspective - Jake Roberts (Circuit Express)

Wrap-Up
Discussion - All
Overview of Afternoon Sessions
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; g/fd i Why Electronics?
/g

Electronics
1 $300B+ industry; Critical technology

Need for Predictive Analysis

%.%—EEW

Why Analysis of Physical Behavior?

Missile MCM Finite Element Analysis
with Overheating Problems
1 Costly delays Improved vs. |

1 Serious consequences Existing Design

—=—With Added Rubber

1 High improvement potential

alnstitute

6 9 12
Time (T)
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P M Why Do SME Manufacturers

Need Analysis?

0 Typically niche-experts
— Precise mfg. process knowledge

— Specialized product design knowledge
(ex. PWB laminates)

1 SME analysis needs

— Product improvements (DFM)

— Mfg. process troubleshooting

— Mfg. process optimization
7 More accurate data — Better analysis
o Bottom line drivers:

Higher Yields, Lower Cost,
Better Quality, Fewer Delays

‘Georgianstitute
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Barriers to SME Analysis

1 Lack of awareness

o High costs of traditional analysis capability
— Secondary: Specialized Software, Training, Hardware
— Primary: Model Access/Development, Validation, Usage

o Lack of domain-specific integrated tools

Product Model Analysis Model Skilled Personnel

'iﬂGeorgiaDmr@“Caﬂ&
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ﬁqM ProAM Focus

Highly Automated Internet-based Analysis Modules
ProAM Focus

World Wide
End User

AMCOM

Life Cycle
Needs

Engineering Service
Bureau

Atlanta
Phys. Analysis

U-Engineer

Feedback

Response to RFP,
Technical Feedback

-

= Missile Mfg.

Prime 1
STEP
RFP & etc.

STEP, etc.

RFP &
STEP, etc.

RFP &
STEP, etc.

Results,
Issues

Rockhill
PWB Fabricator

SME 1

Friona
PWB Fabricator

SME 2

Tempe
PWB Fabricator

SME n

Technical Feedback j

Atlanta ECRC ¢ www.ecrc.gatech.edu Engineering Information Systems Lab ¢ eislab.gatech.edu 29
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/?fM ProAM Objectives

1 Extend general techniques:
1 Internet-based engineering service bureau (ESB)
1 X-analysis integration (XAl)
1 Product data-driven plug-and-play analysis modules
1 General purpose XAl toolkit
1 Apply in specific AMCOM context:

1 U-Engineer.com pilot commercial ESB
with Internet-based PWA/B analysis tools

1 Testing by SMEs in AMCOM supply chain

Atlanta ECRC ¢ www.ecrc.gatech.edu Engineering Information Systems Lab ¢ eislab.gatech.edu
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Project Tasks - Overall

9/97 [10/97]11/97(12/97| 1/98 | 2/98 | 3/98 | 4/98 | 5/98 | 6/98 | 7/98 | 8/98 | 9/98 |10/98|11/98|12/98| 1/99 | 2/99 | 3/99 | 4/99 | 5/99 | 6/99
>hase 0 . S
>hase 1 ¢ ¢ ¢ ¢ 4
>hase 2 ¢ ¢
>hase 3 ¢
¢ Primary Meeting / Milestone
Phase 0
1. ldentify SMEs and Primes for pilot in coordination with AMCOM
2. Hold Status Review & Planning Meeting with AMCOM ¢ (3/98)
3. Baseline engineering service bureau (ESB) capabilities
4. Get selected SMEs under contract ¢ (7/98)
Phase 1
1 Hold SME Involvement Kick-Off Meeting ¢ (8/98)
2 Assess SME needs (including on-site visit) ¢ (3/98, 10/98, 5/99)
3 Setup selected SMEs with access to ESB
4 Hold WIP Demonstration ¢ (2/99)
Phase 2
1. Identify new/extended analysis needs
2. Develop and implement new analysis capabilities
3. Extend ESB capabilities
4. Release initial extensions to SMEs for testing ¢ (8/98)
5. Release primary extensions to SMEs for testing ¢ (5/99)
Phase 3
1. Support pilot commercial usage by SMEs
2. Hold Final Demonstration ¢ (6/99)
‘ 3. Write reports & package deliverables
Georgialnstitute
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il
s Project Tasks - SMEs

Phase 1

2.1 Setup additional capabilities required to access the ProAM ESB (if any)
2.2 Attend SME participation kick-off and training meeting

2.3 Utilize ESB: current capabilities

2.4 Complete needs assessment survey

2.5 ldentify potential test case

2.6 Provide test case data

2.7 Participate in Work in Progress (WIP) Meeting and Demonstration

Phase 2
2.8 Utilize ESB: extensions under development

Phase 3

2.9 Utilize ESB: completed extensions

2.10 Summarize feedback on ESB usage and project accomplishments (initial version)
2.11 Participate in Final Demo

2.12 Summarize feedback on ESB usage and project accomplishments (final version)

|
Georgialnstitute
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Outline

Welcome & Background

Project Overview
o Team

o Motivation & Objectives
o Tasks

o Deliverable Highlights

Break

SME ProAM Experiences
o PWA/B Designer & Fabricator Perspective - Phillip Spann (S3)
o PWB Fabricator Perspective - Jake Roberts (Circuit Express)

Wrap-Up
Discussion - All
Overview of Afternoon Sessions
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aafll - ProAM Deliverable Highlights

1 General techniques:
B [ Internet-based engineering service bureau (ESB)
1 X-analysis integration (XAl)
1 Product data-driven plug-and-play analysis modules
1 General purpose XAl toolkit
1 Applications in specific AMCOM context:

1 U-Engineer.com pilot commercial ESB
with Internet-based PWA/B-specific
analysis modules & toolkit

1 Usage by SMEs in AMCOM supply chain
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3 Netscape IO

Fie Edi View Go Communicelor Help

i "Bookmarks & Location: [t /7u-engineer com/ep-analysis-semvices hinil

=] @) whatsRelsted I
PWB Analysis Services (Bare Board) =

PWB Layup Design

Post-Lamintation Thickness - |/ @ O @ | v [AP210

Coefficient of Thermal Bending - |/ @ |0 | ® |« [AP210

PWB Warpage Analysis

R Pt wapcge Notcope BB

File Edt View Go Communicator Hefp

Classical Laraina” 3

- T
i Backmarks A il

|

‘Plane Strain Mod) Since the residual stresses which cause warpage are partly due to the coefficient of
Vartion) thermal expansion (CTE) mismateh between the materials in a PWB board, we may wish
to search the reference books for other composite structures which warp due to
PTH Deforma mismatched CTEs
One such structure is a himaterial beam bending due to a uniform increase in
temperature. Hence, we may wish to use this formula for a first order analysis of PWB
PC 279 Modsl Warpage
(cylinder/Coffin-1y
Mirman Beam Mc
Azisymmetric Mo 2
Warpage &= Oy LAT
Palmeren-Miner I +
& -
In fact, if the analysis variables are selected correctly, it furns out that this simple model
caphures the mazimumn warpage wherever it occurs on the PWBI (For further details,
examine our Analysis Model Explanation page.) For example, to model the board Yeh et
2l analyzed with FEM (flustrated at the top of the page) the figures for the mput
wvariables are
Undeformed (i e. initial) Length L = 276 mm
Undeformed Thickness t= 1.08 mm
Termperamre Change AT =70°C (from 25 to 95°C)
Specific Coefficient of Thermal Bending ez, = 1.10x107C (Fom 25°10
95°C)
Since the formula does not predict the direction of the warpage, the resultant warpage
| figure (approzimately 0.58 mm) represents the following PWB confiurations: (Warplage
1 3
™l | Documert: Done.

Analysis Documentation

Netscape
File Edt View Go Communicator Help

PTH Analysis Results

Input Variables

Drilled hole diameter, d: 0.025 inches

PWE Bosrd thickness, H. 00625 inches

Basrel average plated thiskness, b,: 0.0012 inches

Barrel minimum plated thickness, t,, - 0001 inches

Estimate of Plating Quality, Ko: 6

Redustion in local cross sectional area due Lo plating or dilling defects, K : 10 %

Chenge in temperature, AT: 00°C
Reference temperatute (ambient), T,z 25°C

Compression moduly
Coefficient of Therme

Page - Netscape
File Edt View Go Communicator Help

Coefficient of Therms, ;‘
Glass Transition Tem
Tensile modulus of b tb—> "*
Plastic modulus of ba,
Vield Strength of har H —>Me— tI N
Ultimate Steength of
Plastic strain at fracty,
Cosfficiert of Therms
L 777773
Analysis Model
1BC-D-279 Plated Thr *I‘O%
Results
Average Siressinih | pioage fit in the following properties of the PTH to be analyzed, then press the ‘Continue
Maximum Strainint| oo tytton, (Typical values have been provided.)
PTHharvel Fatigue I k s B -
{f
E PTH Geometry
1= Drilled hole radius [ooozs | inches
H - PWB board thickness. 0.0825 inches
PTH *As Manufactured" Properties
4, - Barrel average plated thickness T2 mils
1,,- Barrel mininmum plated thickness To mils
K - Estimate of plating quality. E =
K, - Reduction in cross section due to local defects. 10% Reduction =
I

™l |Document: Done

[ PwWB Warpage Analysi
File Help

PWB Thermal Bending Model
PWB Total Diagonal

Thermal Bending Coef. {xh)
Temperature Change
Warpage

Warpage Ratio

Margin of Safety

(1D Formulag)

Calculate Results

PAVB Flane Strain Model
Initial Temperature
Final Temperature
Ternperature Change
FEA Min Elem Div

FEA Aspect Ratio

Max Stress KX

Local Warpage
Warpage Ratio

Margin of Safety

creste FEAINDUE |

(2D FER)

=] =] a] =] =] =] =] =

Wiew FEA Input

a

Calculate FEAResults |

PWE Layup
5.445181356024792 v
3. 406038E-7
0
0
v S

[ pielectric [ Conductor

A/ B Parameters

Deseription

PinA Part #

PiNE Part#

P Pre-Lamination Thickness
PiNB Post-Lamination Thickness
P Total Width

PiE Total Length

Alowable Warpage Ratio

Warning Module PWA

ABC_9010
ABC_3230
0.0814

0.07303000000000001]
3.709995393993959

ekl
00075

Ready-to-Use Analysis Modules

Lower cost, better quality, fewer delays in supply chain

Georgialnstitute
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ESB Analysis Module
Catalogs & Documentation

- [O] x|
File Edit “ew Go Communicator Help
# w!vBookmarks Jg Location:Ihttp:Nu-engineer.coma"ep-anal_l,lsis-sewices.html j ﬁ"w"hat's Related m
PWB Analysis Services (Bare Board) -
PWEB Warpage - Metscape
File Edit %iew Go Communicator Help
PWE Layup Design M M&'Bookmarks J‘ Netsite:|na’epa’pwba’warpagea’thermal-bending-modela’general-descriptiona’default.htmlj

-

Since the residual stresses which cause warpage are pattly due to the coefficient of
thermal expansion (CTE) rismatch between the matenals m a PWB hoard, we may wish

Fost-Lamintation Thickness - Fix | & @] @ < | AP210 to search the reference books for other composite structures which warp due to
rmsmatched CTEs.

Coefficient of Thermal Bendi - v | AP210
oeflicient of Thermal Bending J ® o © One such structure 15 a bimaterial beam bending due to a unifortn increase in
. temperature. Hence, we may wish to use this formula for a first order analysis of PWEB
PWEB Warpage Analysis Warpage.
Thermal Bending Model < o Ffo | o |ol|l® | « | AP210 g
Classical Lamina Theory Moga\ 2D | f(x ® (ORI O TN g PWB: Thermal Bending S= Oy IEAT

\ Warpage

. . A

Plaqe _Stram Model (Material D 4 ol @ < | AP210 \ / arpage g
Variation) ¥

PTH Deformation & Fatigue Analy:

In fact, if the analysis variables are selected correctly, it turns out that this simple model

P 279 Model N captures the maxi.mt_lm warpage whergver it occurs on the PWB! (For further details,
ederCoffin. ML 1D | (= (\&F | ® | O v || Genit examinie our Analysic Model Explanation page ) For exarmple, to model the board Yeh et
(eyhnder/Co anson) al analyzed with FEM (llustrated at the top of the page) the fipures for the 'mput’
] wvariahles are:
Mirman Beam Model 1D | fix .P\f\@) Q| v || GenX
- Undeformed {1e. muibal) Length L = 276 mm
Asisyrometric Model 2T & @\ v || Gendl Undeformed Thickness t = 1.0% mm

Temperature Change AT =70+C (from 25° to 93°C)

FPalmgren-Iiner Model ‘ = ‘ Ji(x) | Specific Coefficient of Thermal Bending o, =1 10z107#C (from 25° to
| == |Document: Done 950C)
Since the formula does not predict the direction of the warpage, the resultant warpage
| figure {approzimately 058 mum) represents the following PWE confipurations: (warpage =
[ v
| =l |Document: Done
| Georgialnsifitute
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/
,ﬂM .
20 ESB Characteristics

0 Self-serve analysis

— Pre-developed analysis modules
presented in product & process contexts

— Avallable via the Internet
— Optionally standards-driven (STEP, GenCAM ...):
» Reduce manual data transformation & re-entry
» Highly automated plug-and-play usage
— Enabled by X-analysis integration technology
o Full-serve analysis as needed

1 Possible business models:
(beyond ProAM scope)

— Pay-per-use and/or Pay-per-period
— Costs averaged across customer base

|
Georgialnstitute
\| efTechnelegy ©
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/pfﬂ/ Internet-based ESB Techniques

71 Analysis module template & methodology

1 Range of access methods:

1 Remote Tools
0 Login to remote workstation; X-Windows display

1 Thick Clients

0 Locally installed w/ Internet/LAN-based solvers via CORBA

1 Thin Clients

1 Web-based forms & solvers all located at ESB

1 General web technigues

1 General EC: electronic payment, etc.
(not in ProAM scope)

|
‘ Qeorgiaﬂ@ss-sﬁuw&@
| efTechnelegy o o7 Atlanta ECRC ¢ www.ecrc.gatech.edu Engineering Information Systems Lab ¢ eislab.gatech.edu
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aafll - ProAM Deliverable Highlights

1 General techniques:
1 Internet-based engineering service bureau (ESB)
®» [ X-analysis integration (XAl)
1 Product data-driven plug-and-play analysis modules
1 General purpose XAl toolkit
1 Applications in specific AMCOM context:

1 U-Engineer.com pilot commercial ESB
with Internet-based PWA/B-specific
analysis modules & toolkit

1 Usage by SMEs in AMCOM supply chain

Atlanta ECRC ¢ www.ecrc.gatech.edu Engineering Information Systems Lab ¢ eislab.gatech.edu 39



m Plug-and-Play Analysis Module
H ’”f/ il' Creation Methodology

Physical Behavior Research Analysis Module Catalogs
Design Handbooks

Routinization
(Module Creation)

—

Routine Analysis

' Commercial

Commercial  Product (Module Usage)
Design Tools Model Selected Module Analysis Tools
Solder Joint Deformation Model Ansys | R,
MCAD &> oo Idealization/ /1 Component /
Defeaturization 1 Solder Joint | 9 gCAE ——
ECAD > & Do «—> S ~ S
APM o CBAM < ABB - SMM | Abaqus

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

|
| Georgialnstfituie
\-:H; eftechnelegy ¢ gt Atlanta ECRC ¢ www.ecrc.gatech.edu Engineering Information Systems Lab ¢ eislab.gatech.edu 40



XaiTools

Prototype X-Analysis Integration Toolkit
Second Generation - Java-based

Multi-Representation Architecture (MRA) =

@ P:)Zilgtzﬁlllz)lt?el @ Context-Based Analysis Model D
APM @ Analysis Building Block
@ Solution Method Model
CBAM ABB SMM
o D ass¥svm -
[
Design Tools Solution Tools

Analysis Modules & Building Blocks |

Constraint Schematics Implementations
[l

Georgialnstitute
|| efTechnology ©GIT

Atlanta ECRC ¢ www.ecrc.gatech.edu

Product-independent MRA toolkit

Lexical constrained objects (COBSs)
— 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.

Engineering Information Systems Lab ¢ eislab.gatech.edu 41



XalTools Tool Architecture

Company/Product-Independent View
In-Progress & Potential Extensions as of 6/99

Analysis Mgt. Tools

LA DR Template Libraries: Analysis Packages*, Pullable Views*
IDEAS*, Pro/E*, AutoCAD* ek " ’
ECAD: Mentor Grabhics (AP210 CBAMs, ABBs, APMs, Conditions Condition Mgr*, ...
- Wenlfel (BTl ) Instances: Usage/adaptation of templates —
Accel (PDIF, GenCAM)*
Design PerS|_stent
Tools COB Schemas Object RN
Repository =
objects, x.cos, x.exp Java blob * , 7 '7 77 ”
CAD Tool i ODBMS*, PDM* —
COB Server COB Analysis Tools
Navigator: XaiTools
o—o Editor (text & graphical*)
Material R
Property COB Instances <%
Manager
objects, x.coi, x.step
—»0
o / Other CORBA
tandar Wrappers*
Parts \ _ Custom Tools
Manager Tool Forms : :
(parameterized —» Analysis Constraint
tool models/full* SMMs) \[_Codes Solver
s (Y= mossibl , FEA: Ansys, Elfini*, Abaqus* Mathematica
| asterisk (*) = in-progress/possible extensions Math: Mathematica, MatLab*, MathCAD*
| Georgialnstituie
Engineering Information Systems Lab ¢ eislab.gatech.edu

| eftechnelogy ¢ g7 Atlanta ECRC ¢ www.ecrc.gatech.edu
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Flexible High Diversity

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

MCAD Tools __| Modular, Reusable Analysis Modules (CBAMs)
CATIA —] Template Libraries of Diverse Mode & Fidelity

XaiTools  Analysis Tools

General M_ath
Mathematica

——

/\

Extension 1D,

Analyzable

Product Model 2D,
3D*
XaiTools
Materials DB Torsion
MATDB-like
"!Georgia[lm@{_‘qjﬁm@ * = [tem not available in working prototype yet (all others have working examples)

| eflechnclegy ¢ g ¢ Atlanta ECRC ¢ www.ecrc.gatech.edu Engineering Information Systems Lab ¢ eislab.gatech.edu 43



Flexible High Diversity

Design-Analysis Integration
Aerospace Examples: Flap Support Inboard Beam

MCAD Tools
CATIA

TR T T T T ]

| S e 2 ETH] | e |

Il E

| Georg
ﬁ ofTe

Materials DB

MATDB-like

Fasteners DB

FASTDB-like

ialnstitute
chnelegy gt

Axial/Oblique;

Analyzable Ultimate/Shear
Product Model
ol

XaiTools | « Fitting:

Bending/Shear

FailSafe/Fatique*

1.5D [z

3D
Assembly:
Ultimate/

= || Modular, Reusable Analysis Modules (CBAMS)
——=Template Libraries of Diverse Feature:Mode, & Fidelity

XaiTools

D

Analysis Tools

In-House
IAS Template*

or

; General Math

Mathematica

* = |tem not available in working prototype yet (all others have working examples)

Atlanta ECRC ¢ www.ecrc.gatech.edu

FEA
Elfini*
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aafll - ProAM Deliverable Highlights

1 General techniques:
1 Internet-based engineering service bureau (ESB)
1 X-analysis integration (XAl)
1 Product data-driven plug-and-play analysis modules
1 General purpose XAl toolkit
1 Applications in specific AMCOM context:

®» [ U-Engineer.com pilot commercial ESB
with Internet-based PWA/B-specific
analysis modules & toolkit

1 Usage by SMEs in AMCOM supply chain

Atlanta ECRC ¢ www.ecrc.gatech.edu Engineering Information Systems Lab ¢ eislab.gatech.edu 45



Solution Method - An indication of model computational cost.
Jix Formula Based

-

Finite Element

Utility Ranking - A measure of analysis model validity.
Demonstration
Trends
Iagnitude Relative
Abszolute

® ® C O

Tool Availahility - A measure of implementation maturity.

A "P" suffiz mdicates the ranking 15 backed by physical measurements.

@] Concept
O Prototype
® Pilot
@ Froduction
Availahility
E
T = I -
E =2 2 £ t|¢
Z 2 E # | & E’?
_E 2 ) = | = = Supported
=] & = # & & | Design Formats =
= (== |Document: Done SHe % AR Rl 2| 2
|
| Georgialnstituie

|| effechnology o g1

Atlanta ECRC ¢ www.ecrc.gatech.edu

File Edit Wiew Go Communicator Help
# wthookmarks J‘ Location:Ihttp:.-".-"u-engineer.c:om.-"ep-analysis-services.html j @'W’hat's Fielated m
PWB Analysis Services (Bare Board) B
PWB Layup Design
‘ Post-Lamintation Thickness ‘ - ‘ S ‘ @ ‘ O ‘ @ ‘ v ‘ AP210
‘ Coefficient of Thermal Bending ‘ - ‘ J(x) ‘ ® ‘ ‘ ® ‘ 'S ‘ AP210
PWB Warpage Analysis
‘ Thermal Bending Model ‘ 1D ‘ Fix ‘ O ‘ ‘ (O] ‘ < ‘ AP210
‘ Clazsical Lamina Theory hlodel ‘ 2D ‘ F(x ‘ ® ‘ @] ‘ @] ‘ ¥ ‘
Plaqe Stram Mlodel (Mlaterial oD - o o ® < | AP210
WVariation)
PTH Deformation & Fatigue Analysis
IPC 279 Model
{cylinder/Coffin-Ianson) D | 7(2) ér ® Q < e
‘ Iirman Bearn hdodel ‘ 1D ‘ Flx) ‘ &r ‘ ® ‘ ‘ v ‘ Genl
‘ Axizymmetric Model ‘ oD ‘ af [ ] ‘ ® ‘ O ‘ < ‘ Genl
‘ Palmgren-Iiner Model ‘ - ‘ Jix) ‘ ‘ @] ‘ O ‘ -’ ‘ =l
’E =¢D=| |Document: Daone 3t 4
Engineering Information Systems Lab ¢ eislab.gatech.edu 46



Paper-based IPC-D-279
Plated Through Hole Fatigue Analysis

Tedious to Use

[T I.-E-,-||::'-'.’-'-|"r,:£--|||£"J}:«:.!-L'.u]||! L1l| . . . .
L PTH/PTV Fatigue Life Estimation
I E __E ' r
...... B (ceg—ere, :LE‘T"'S; M"‘i|*’4£ Eg Ep,
: }[} |PC‘D_2?9 E};wg — |: ™ ;: E"-“ ,
| Lp i, Ery,
Design Guidelines for Reliabl : f B~ Eg
gn Guidelines for Reliable (%_%}M'AE'EE—S}'A@'
Surface Mounl Technology Aws = EC&
Printed Board Assemblies avg ’
| Ay By +A, E,,
?:::‘ 10°
e D 701785z —
i S, e N
. N,2D." +0.92L ~As=0
o
1
In{1-0.01x) |7
N, (x%)=N,(50%) ( )
e In{0.5)

| Georgialnsiitute
|
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Web-based
IPC-D-279 PTH Analysis Module

Easy to Use

IPC-D-279 PTH Analysis Page - Metscape

File Edit “iew Go Communicator Help

etscape

File Edt “iew Go Communicator Help

! F - e
(22227727 ! B PTH Analysis Results =l
|
tb —» : Input Variahles
i . . .
: Drilled hole diameter, d: 0.025 inches
H : « tl l l PWE Board thickness, H: 0.0625 inches
: Barrel average plated thickness, t,: 0.0012 inches
| Barrel samimoam plated thickness, o 0.001 inches
! Estimate of Plating Quality, K¢y:6
i Reduction inlocal cross sectional area due to plating or drilling defects, K- 10 %
[
rrO e Change in temperature, AT: 200°C
i Reference temperature (ambient), T o 25°C
1
Compression modulus of resin, Ez 500000 psi
Ple:lse 'ﬁﬂbm the fn]lumnj p;lnpert;les Uf]'jthe PTH'ED 38 analyzed, then press the 'Continue Coefficient of Thermal Expansion of resin, g below T - 0.000067 °C
Analysis' button. (Typical values have been provided ) Coefficient of Thermal Expansion of resin, o above Tg: 0.000315 ~2
Glass Transition Temperature, T_: 137 °C
PTH Geometry £
- Drilled haole radis. Ig L0125 itiches Tensile modulus of barrel material, F 3000000 psi
B ) ) Plastic modulus of batrel material, E‘h 100000 prsi
H - PWE board thickness. |o.06z5 inches Vield Steength of barrel matesial 5. 25000 psi
Ultimate Strength of barrel material, 3 : 41000 psi
Plastic strain at fracture of barrel material, DF‘ 0203
PTH *As Manufactured' Properties Coefficient of Thermal Expansion of batrel matetial, oq @ 0.000017 /°C
t, - Barrel average plated thickness. |1 .z trls Analysis Model i
t,, - Barrel minitnum plated thickness, |1.0 tnils IFC-D-275 Plated Through Hole Model
EQ - Estimate of platine quality. |M vI Results
¥ - Reduction in cross section due to local defects. I'ID% Reduction v| Average Siress in the PTH barrel: 30.0317e3 psi
= d Maximum Sirain in the PTHbarrel: 0.121682
,@| o e v PTH harrel Fatigue Life: 10.61e3 cycles to 50% failure probahility. LI
| =1 |Document: Done i
‘ HGeorgiaD@@ﬁﬁwJ&@
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M Product Data-Driven
4 |PC-D-279 PTH Analysis Module

Easier to Use

&*‘;?{'. GenCAM/GenX

JavaScript
parsing

Edit this GenX File if desired and hit Proce s

LINENSICH="THOU" GRID VALUE="5O0"

ANGLEUNITE="DEGREEZ™ HIZTORY="1" >
<AZSEMELY DEF

USEDIN MNAME="C100" MNAME="Nodem <100

<ATTRIBUTE GROUP="alpha" =l T

plated
Process I (Mlay take some time on large Gen: files) LI 4|

PTH Geometry

ed
<?xml wversion="1.0"7> 0.0125
<!DOCTYPE GenX 3¥STEM "genx.dod™: | =R

<Genix WE

<HEADER GENX VERZICHN="0.h" H-P
GENERATEDBY SOFTWARE="GTXML" board 0.0625
GEMERATEDEY SOFTWARE VERIION="Andyl" thickness.

Wrhoard” NUMBER="11149-14811" REVISICHN="Rev PTH "As Manufactured™

S66g 20> Properties
<ATTRIBUTE GROUP="alphs"

MAME="m part" VALUE="EIZ 9600" /> t, - Barrel

average '127

G ] 5 My Computer

Data Driven aspect:
Web Browser |
Processes Neutral File

+ Local Browser
Computation

| + Less Errors than

manual idealization
& re-entry

+ Exhaustive search

+ Data Compression
(e.g. 100x)

4 + Security

0]
| oftechnelegy ¢ g1 Atlanta ECRC ¢ www.ecrc.gatech.edu
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Other U-Engineer Modules

1 PTH finite element analysis (FEA) module
o Impedance modules

- Impedance Analysis Page - Metscape

File Edit “iew Go Communicator Help

hainal Stripline Characteristic Impedance [

Unbalanced Transmission Lines Analysis Form

Flease fill in the following properties of the traces to be analyzed, then press the 'Continue
Analysis' button. {Typical values have been provided.) A graphical illustration of some of the
variables is included below for your convenience. Please see the analysis documentation for a
complete description of the other variables

t - Trace thickness. |D 7 tnils

W - Trace width. |5 tmils

t - Honzontal separation between traces. |2 5 trils

PWE Layup Properties

A - Center to center vertical separation between traces. |8 -7 mls

b - Thickness between plane layers. IZD tmils =l
| [&F [=B=| | Dacument: Done St e 2@ BB 2| 4
:iﬂGeorgiaDLmr@“Caﬂ&
| eftechnelogy ¢ g7 Atlanta ECRC ¢ www.ecrc.gatech.edu
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XaiTools PWA-B

Thick Client: Locally installed; Internet ESB/LAN-based Solvers

:a PWB Warpage Analysis -

File Help
P¥WB Thermal Bending Model {10 Formulae) PYYE Layup
PWB Tatal Diagonal |5.4451 81356024792

Thermal Bending Coef. {euh) |3.496038E—? PWB Warpage AnaIySIS TOOl
e Change 0 - Math solver: Mathematica

Warpage |D
Warpage Ratio |D = FEA SOIVer. AnsyS

Margin of Safety |D

Calculate Results

Dielecttic Conductor

o\ ANSYS Graphics

PWB Layup Design Tool

PYWE Flane Strain Model

- # Layup tool (information list and calculation
Initial Temperature g Layup | ]

File:
Final Temperature - T
Temperature Change Layer Id hin Thickness Mormal Thickness — Max Thickness Layer Function Cap
FEA Min Elem Div et | J K [n.0014 (00014 [Signal Matetial of capper:
) Carel 0.0047 1.0050 0.0052 Care - y
FEA Aspect Ratio |""U5E”"””2U9’12 j| ‘ | | Polyclad-Copper-Foil
— - Laver 2 | J |D 0028 ‘ 0.0028 | 0.0028 |F'Iane Designation of epoy:
an Stress
L I Prepreg? ‘1030.2115 j| 0.0075 ‘ 0.0075 | 0.0075 |Prepreg GFG
ocal Warpage
et Layer 3 | J [o.0014 [00014 [oo014 [signal Material of epoxy
WiEIPEER (RED Cote2  [Wonorirtogt2 7] 0088 [o07g [n.0082 [Core Pl
Margin of Safety L = 1 Signal
e 4 | J [0.0014 [D0014 [oo014 [Signal —
Prepreg2 - 0.0075 0.0075 0.0075 Freprey 2 Plane
Create FEA Input preg2 [1080-2118 j' | | | I
Laver§ | J [o.0014 [0.0014 [oo014 [Prane
Calculate FEA Results ’
Core3 |MDSDF’1P1 0912 j [0.0077 [0.0079 [0.0082 [core 3 Signal Ej
Layers | | [moons [00014 [oo014 [signal 4 Gignal
Prapregd ‘mgn.mgn.man j|0.oua=t [0.0084 [o-0084 [Prepreg Prepreg2
LayerT | J|nnn14 [00o14 [00014 [Signal 5 Plane —
are.
Cored |Muggp1p1 0912 j [0.0077 [00078 [0.0082 [core & Gignal
Layers | J [o.0014 [0.0014 [oo014 [Prane Prepreg3
Prepregd ‘1030,2115 j| 00075 [00075 [0:0075 [Prepreg 7 signal
Laverd | J [0.0028 [00028 [0.0028 [Prane Cored
& Plane
deformed shap Cores |MDSDH2F‘10912 j|0.0047 [0.0050 [o.0052 [core Prepregd
Layerto nonts 00014 00014 Signal
i | J' ‘ | | | ariane —=‘
> Cores

— Total Post-Lamination Mom Thick: | 0.07303000000000007 {
alculate
Coefficient of Thermal Bending: 2.076668903190469E-7

| exit ==Previous
Georgialnstitute
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ProAM X-Analysis Integration
: XaiTools PWA-B
ECAD Tools = =

Mentor Graphics,
Accel*

Modular, Reusable Analysis Modules (CBAMS)
<+l Template Libraries

of Diverse Mode & Fidelity

Analysis Tools

XaiTools  general Math
STEP AP210, Solder Joint 1D, Viathematica
GencAn Deformation  2D. FEA ANSYS
Analyzable o
Product Model
PWB
—— | XaiTools L e

Laminates DB

PTH
Materials DB

Deformation
& Fatigue**

|

il
"r H

e —

1D,
2D *

|

alnstitute
@ﬁ’Tech‘y ©CGIT

* = |[tem not yet available in XaiTools prototype (all others have working examples)

** = |tem available via U-Engineer.com, but not yet in XaiTools prototype
Atlanta ECRC ¢ www.ecrc.gatech.edu

Engineering Information Systems Lab ¢ eislab.gatech.edu

52



Overview of PWB Layup Design

SME fabrication engineer designs PWB stackup details

Customer Input Specs Fabricator Layup Design
Design Alternative 1
10z.Cu
3 x 1080
20z.Cu
component
: - M150P2P11184
Layer 1: 1 Oz. Cu Foill 10z. Cu
Epoxy Glass GF/ PGF 2x 2116
lane 10z.Cu
P Layer 2: 2 Oz. Cu Foill e 2 07. Cu
Epoxy Glass GF/ PGF 3 x 1080
sl 10z.Cu
822 Layer 3: 1 Oz. Cu Foill
over Epoxy Glass GF/ PGF OR DeSIQn Alternative n 10z C
K signal M150P1P21184 S
material Layer 4: 1 Oz. Cu Foil 20z.Cu
3 X 106
Epoxy Glass GF/ PGF 1 0z. Cu
plane M150P1P11184
Layer 5: 2 Oz. Cu Foll 10z.Cu
3 X 106
Epoxy Glass GF/ PGF 20z.Cu
M150P2P11184
el Layer 6: 1 Oz. Cu Foil 10z. Cu

|
Georgialnstitute
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M Characteristics of
L SME Layup Design

[1 Layup details impact PWB behavior:

warpage, PTH reliability, crosstalk (impedance), etc.

[1 SME needs tools to evaluate alternatives

[1 Precise material and manufacturing process expertise of
SME fabrication engineers enables more accurate analysis

Detailed Material Characterization

10z.
3 x 1080
2 0z.
M150P2P111824 Polyclad -Tetra
10z
2x 2116
10z
M150P1P211824 Polyclad -Tetra
2 0z.
3 x 1080
10z.

|
Georgialnsiitute

| eftechmelegy ¢ g7 Atlanta ECRC ¢ www.ecrc.gatech.edu

Cu

Cu
Cu

Cu
Cu

Cu

Manufacturing Accurate

Conditions Analysis Results

| e

R =t

which can be
compared to Prime’s
Specs
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Post-Lamination Thickness

Calculation
Typical Manual Worksheet Tool-Aided Design

n

(as much as 1 hour engr. timE) post _lamination _thickness = Znested_thickessi

Multilayer — Shear / Print / lLay Up Instructions d h k P k t - t f.”
o nested _ thickness g,rey o = Z Ly —resin_to_ fi
Panel Size _ £ X 1® No. Up é wio s S5 687-20
Thickness Measure:  Overall/NiRu QUEr Base-lam e Minimum Dielsctric . o235 n n
Finished Thickness: Minimum . (P8¢ . Nominal , @93 Maximum «_/CC . tiai yi 2 |tiai yl|
' aB = Cl . — + . A o +C3
Laminated Thickness: Minimum . 090 Mominal . _896 Maximum o (€2 (tz /2) (tz /2)
|
i a3 " Polyimide eor 1 Do roat - =
Material Used: Tetra Q i Copper Used: Double Tresab _ 3 PwB Loyun Dosian - Dotalled Loyup
Tetra 11 _ Other i HYZ ¢ Fibe:
I -
Laver No: Haterial ! Layerld Min Thick Mormal Thick Max Thick Layer Funct 1
‘ . | Stamp Mork Orcer # On Ligntest Weignt Sive: aver in Thitkness ormal Thickness ax Thickness ayer Function —
0. ez Lo ;e i oo [omoz [eoom [Comesde
s £ " Layar 1 2.00 cond
[ I~jese PLANE t Clip 1 Cornerts) Of: . Mat’ 1, Carel L 210150 L _ _ _ _ Geng
: D !
o 0% M | 1 nat 1. laer2 200 | [GOEZEN [CSZE [EER [SEE | | oee
T | Prepteat  [1080%3 [|SETEERY (GOSN [CSEENN [P | | o
& mfek% 5 lgeg12  ja-2995 mat’ 1, preg ’
S oze I we029 taprs 000 |GG [GSEEN [ESOEN  [SEE | | oiee
& ; PLAnE ! geo10 ¥ mattl,
[BATS | #rot corez  [Lnorsoczczc | [OOSR [BSERNN [EOEERN  [CEERN | | e
& l1—10%e uld | #8029 )
RETI 5012 vired) Laerd [0 oo [omim - [w0ow [Swna
7 i
S . o [ < [ [ FEmR ||
A e 098 ORL Witn 0z. Sice Down IPHERIE 108073
L Laers 200 | |G [GSETT [EIEN  [FERE
With 0z. Sice Up
0 r on . Layere  [200 -|[SEGET [GEETT  [EIET PR )
i3, cote ~ ,O56 I Expose Ource Side ety 10803
ose, ! wer [T | [OSER [CSER [SEEm ;
12, AT 3 _ panels of Layers 243 oOn . 028 W
oL TE | — T feees  [rnosoczeze | BTSN [CSER [FEERN [EERN
13. _ 3 Aoy = OIS |cprmm N3 Panels Of Layers _4+5 0n . 028 VP — h’
i - ooz [oeiss [eoom [Sgna
ey
T O on - Prepregd ~1080°3 -Jlooec " [omes  [ooos [Feems
15, - [ Pring ___ Panels Of Laye. s on . Layera [osze — [ooos [0 [Sme
1
se. DoPrivé . panels Of Layers on . coes  [L2101500203R [omzs— [ems  fomis T e
|
SA_«AL INSTRUCTIONS: I Print _ Panels Of Layers on . Layer1D _ _ _ n
| -
I Print . Panels Of Layers On . = -
! Mesting factor Total Post-Lamination Horm Thick: >
[ Pring’ . Panels Of Layer On . Solve = Rup P¥B YWarpan|
1 |1 1} Coefficient of Thermal Bending:
! Expose Qurice Si10e - .
| - - _ <=Previous exit
| Georgialnstitute |
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Iterative Design & Analysis

PWB Layup Design Tool

Laupte

Loty i Tskness Layerunton e
£

Wtenal ot coper

oz =] [BHORE o Poias CopprFll
Bz e Desinatantopor.
[feeezrs o]Jos D oo
el ez
e Fayae et
g
Cont
2ptane

[fomozrie

Lot | Bl e [7ae [For sl
Prepress | 10e0-103o-1050 | |DUEANNNN [OOGEA NN [GECEA [Freiea R e
LayerT ’—J]um—lwm—wlsw-— sPiane

corst 17 | o [To07e [0 B3 mm@
Lo [T SO G GETA GO [P Prepregd
Laerio [ (oo o ([ {ETT

i
catcuts Run s iarpags st
oeteten rTermalsencing [ E0TBBGEBUSBOABIET )
ot <cprsus notes

3 x 1080

2x 2116

3 x 1080

Georgialnstitute
|| efTechnology

Analyzable
Product Model

Layup
Re-design

<

Thermal Bending Model

Fle tep

PWB Thermal Bending Mogel (1D Formulze) PWE Layup

PWB Total Diaganal Y
Thermal Bending Cosf (ab)  [349603887
Temperature Change fo—

Warpage

0
Warpage Ratio 0
0

= Dielectric ] Conductor

Marain of Safety

Calculate Resuts

Quick Formula-based Check

PWE Plane Strain Madsl (2D FER) PWA/B Paramaters.
Inital Temperature o Deseription Warming Module WA
Final Temperature. o PYAPans ABC_8010
Temperature Change 0 P Par# B0_0730
FEAMIn Elem Div 2 PWB Pre-Lamination Thickness  [0.0812
FEA Aspect Ratio O FWB PostLamination Thickness [ 0.07303000000000001] |
MaxSiress Y0 o PWB Total Width [3799909000509030 |
LocalWarpage 0 PWE Total Length 39
Warpage Ratio 0 Alowable Warpage Ratio 00075
Margin of Safety 0
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PWB Warpage Modules
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Plain Strain Model

PWB Thermal Bending Mogel (1D Formulze) PWE Layup

PWB Total Diaganal Y
Thermal Bending Coef (ab)  [349603887
‘Temperature Change fe——

Warpage

0
Warpage Ratlo 0
T

[ vistectric ] Conductor

Margin of Safety

Calculate Results

PWB Plane Strain Madel (20 FEA) FA/B Parameters.
Inital Temperature o Description Waming Module PWA
Final Temperature. 0 PWAPaE #BC_9010
‘Temperature Change. 0 P Pantz ABC_5230
FEA Min Elern Div 2 PB Pre-Lamination Thickness  [0.0814
FEA Aspect Ratio O PWB Post Lamination Thickness [ 0.07303000000000001] |
MaxSiress 1 0 PB Total Widtn 3799959999959939
LocalWarpage 0 FWB Total Length 39
Warpage Ratio 0 Allowable Warpage Raio 00075
Warain of Safety 0

Create FEA Input View FEA Ingut

Calculate FEARssuls

Detailed FEA Check

Engineering Information Systems Lab ¢ eislab.gatech.edu

56



aafll - ProAM Deliverable Highlights

1 General techniques:
1 Internet-based engineering service bureau (ESB)
1 X-analysis integration (XAl)
1 Product data-driven plug-and-play analysis modules
1 General purpose XAl toolkit
1 Applications in specific AMCOM context:

1 U-Engineer.com pilot commercial ESB
with Internet-based PWA/B-specific
analysis modules & toolkit

®» (1 Usage by SMEs in AMCOM supply chain
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Circuit Express, Tempe AZ

SME Pilot Usage
of ProAM Tools

S3, Huntsville AL
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Outline

Welcome & Background

Project Overview
o Team

o Motivation & Objectives
o Tasks

o Deliverable Highlights

Break

B SME ProAM Experiences
o PWA/B Designer & Fabricator Perspective - Phillip Spann (S3)
o PWB Fabricator Perspective - Jake Roberts (Circuit Express)

Wrap-Up
Discussion - All
Overview of Afternoon Sessions
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