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Introduction

This document contains summaries and pointers to the main techniques, software tools, and application domains and in our X-analysis integration (XAI) work as it has progressed over time. Here X includes product life cycle stages like design, manufacture, and maintenance.

The following report summarizes this work on CAD-CAE interoperability as a whole.  It gives the big picture from a research & development perspective, and includes key figures and an annotated bibliography: 


http://eislab.gatech.edu/pubs/reports/EL002/
Fundamental work on constrained objects (COBs) is overviewed (for advanced associativity, including steps towards object-oriented multi-directional spreadsheets), along with their usage in CAD-CAE “patterns” in the multi-representation architecture (MRA) to capture analysis template knowledge. Other overviews, including a short course, are given below.

Depending on your interests (as an end user, developer, and/or XAI researcher), you may want to jump in at different points (e.g., end users can skip to the toolkit sections for download instructions). 

1 Techniques & Concepts: 
Selected Publications & Course Material 

1.1 X-Analysis Integration Technology Overview

See this Technical Report available at:


http://eislab.gatech.edu/pubs/reports/EL002/
Abstract

This document overviews X-analysis integration (XAI) technology and example applications.  It serves as a guide to recent research and development in this arena carried out by EIS Lab. References to in-depth descriptions of the underlying concepts and applications are included in an annotated bibliography.

1.2 An Introduction to X-Analysis Integration (XAI) - Short Course slides:

(Concepts for Enhanced CAD-CAE Interoperability with Applications)

The following document gives starting points from a slide and examples point of view for those interesting in CAD-CAE interoperability concepts, examples, and how to create your own templates. They cover constrained objects (COBs), the multi-representation architecture (MRA), example applications in electronic packaging and aerospace, and current research.

http://eislab.gatech.edu/courses/me6754/resources/

XAI_Technology_Intro_Getting_Started.doc 

(contains a HW problem and pointers to main publications)

Also available are slides with examples:


XAI_Technology_Intro_1_COB_Primer.ppt


XAI_Technology_Intro_2_MRA_Primer.ppt


XAI_Technology_Intro_3_Applications.ppt



Includes overviews of projects.


XAI_Technology_Intro_4_Advanced_Topics.ppt

Includes current research (e.g., advanced FEA modeling) and R&D directions (e.g., authoring and viewing tools for various textual and graphical views of constrained objects).

For Parts 1 and 2, see the following papers, respectively, for detailed overview of the spring and flap link examples:


http://eislab.gatech.edu/courses/me6754/resources/


2001-mit-cfsm-1-wilson-cobs.doc (see related ppt file for the figures)



2001-mit-cfsm-2-peak-xai-example.doc (see related ppt file for the figures)

These are from a short course that is typically taught once/twice per year as part of a graduate course (ME6754 - Engineering Databases/Information Technology - cross-listed with computer science and architecture). We hope to add other material and enhance the organization to offer it as an industry short course too.

This gives a reference framework that identifies CAD-CAE integration issues and one methodology for dealing with them. The concepts can be applied in different ways (just like FEA concepts are cast into various vendor tools); XaiTools is thus just an example implementation of some of the concepts (which leverages existing CAD/CAE tools and helps tie them together).

Its a good deal of material; effective CAD-CAE integration is a challenging topic which necessitates a broadly capable solution.  These slides emphasize the concepts (analogous to general FEA concepts) while showing example implementations in the XaiTools toolkit (analogous to specific FEA tools like Abaqus, Ansys, Elfini, and Nastran that implement general FEA concepts).

Also available: CDs w/ lectures (in RealVideo format).

1.3 Integrating Engineering Design and Analysis Using a Multi-Representation Approach (CAD-CAE Patterns)

Reference 

Peak, R. S.; Fulton, R. E.; Nishigaki, I.; Okamoto, N. (1998) Integrating Engineering Design and Analysis Using a Multi- Representation Approach. Engineering with Computers, Volume 14 No.2, 93-114. 

Abstract 

With the present gap between CAD and CAE, designers are often hindered in their efforts to explore design alternatives and ensure product robustness. This paper describes the multi-representation architecture (MRA) - a design-analysis integration strategy that views CAD-CAE integration as an information-intensive mapping between design models and analysis models. The MRA divides this mapping into subproblems using four information representations: solution method models (SMMs), analysis building blocks (ABBs), analyzable product models (APMs), and context-based analysis models (CBAMs). A key distinction is the explicit representation of design-analysis associativity as APM-ABB idealization linkages that are contained in CBAMs.

The MRA achieves flexibility by supporting different solution tools and design tools, and by accommodating analysis models of diverse discipline, complexity and solution method. Object and constraint graph techniques provide modularity and rich semantics.

Priority has been given to the class of problems termed routine analysis - the regular use of established analysis models in product design. Representative solder joint fatigue case studies demonstrate that the MRA enables highly automated routine analysis for mixed formula-based and finite element-based models. Accordingly, one can employ the MRA and associated methodology to create specialized CAE tools that utilize both design information and general-purpose solution tools. 

1.4 Towards the Ubiquitization of Engineering Analysis to Support Product Design

Reference 

Peak, R.S.; Scholand, A.J.; Tamburini, D.R.; Fulton, R.E. (1999), Invited Paper for Special Issue: Advanced Product Data Management Supporting Product Life-Cycle Activities, Intl. J. Computer Applications in Technology, Vol. 12, No. 1, 1-15. 


http://eislab.gatech.edu/pubs/journals/ijcat-routinization/ 

Abstract 

While it is generally agreed designers would like to benefit more from analysis, methodologies are lacking for identifying appropriate analysis models and transforming them into readily usable tools.  This paper identifies designer needs regarding analysis of physical behavior, and introduces the term " ubiquitization" to describe the process of creating automated analysis modules that can be regularly used in product design.


A ubiquitization process is presented with electronic packaging examples.  Based on the multi-representation architecture design-analysis integration strategy, this process creates catalogs of context-based analysis models (CBAMs) - analysis modules that associate design data with analysis models to obtain results in a highly automated manner.


Ubiquitization is illustrated using a CBAM for printed wiring board warpage analysis from the TIGER project.  Other electronic packaging applications such as solder joint fatigue are highlighted.  Design inputs come from STEP product models and solution methods range from encoded formulae to multi-vendor finite element analysis.  Observations are given, including how ubiquitization is a knowledge capture technique that aids both engineering analysts and product designers.  While it transforms the research of the analyst into tools for the designer, it serves as a catalyst that reveals new problems for the analyst to tackle.

1.5 Internet-based Engineering Service Bureau (ESB) Technology

Reference 

Scholand, A.J.; Peak, R.S. (1999), Georgia Tech Engineering Information Systems Lab Technical Report EL003-1999A. http://eislab.gatech.edu/pubs/reports/EL003/
Abstract 

This white paper introduces the concept of an Engineering Service Bureau (ESB), and defines both the business need for ESBs and the benefits of ESBs to distributed organizations. It further details the distinctives of an Engineering Service Bureau, as opposed to generic application service providers, and outlines the technical infrastructure needed by both the clients and the service bureau itself. These concepts are illustrated with examples from U-Engineer.com, a pilot commercial service bureau established by the ProAM Project currently in use by several DoD suppliers. 

1.6 Constrained Objects for Engineering Analysis Integration - MS Thesis

Reference 

Wilson, M. W. (2000) The Constrained Object (COB) Representation for Engineering Analysis Integration, Masters Thesis, Georgia Institute of Technology, Atlanta. 


http://eislab.gatech.edu/pubs/theses/2000-wilson/
Abstract 

The wide variety of design and analysis contexts in engineering practice makes the generalized integration of computer-aided design and engineering (CAD/CAE) a challenging proposition.  Transforming a detailed product design into an idealized analysis model can be a time-consuming and complicated process, which typically does not explicitly capture related idealization and simplification knowledge.  Recent research has introduced the multi-representation architecture (MRA) and analyzable product models (APMs) to bridge the CAD-CAE gap with stepping stone representations that support design-analysis diversity.  This thesis generalizes the underlying techniques to form the constrained object (COB) representation.

The COB representation is based on object and constraint graph concepts to gain their modularity and multi-directional capabilities.  Object techniques provide a semantically rich way to organize and reuse the complex mathematical relations and properties that naturally underlie engineering models.  Representing relations as constraints makes COBs flexible because constraints can generally accept any combination of I/O information flows.  This multi-directionality enables design sizing and design verification using the same COB-based analysis model.  Engineers perform such activities through out the design process, with the former being characteristic of early design stages and vice versa. 

The COB representation has generalized and extended techniques from the APM representation.  Enhancements include a more efficient constraint processing algorithm, support for external solvers as white-box relations, and improved lexical forms.  With these enhancements, COBs can represent additional types of MRA concepts beyond just APMs, namely analysis building blocks (for design-independent analytical engineering concepts) and context-based analysis models (for explicit associativity between design and analysis models).  

To validate the COB representation, this thesis presents electronic packaging and aerospace test cases implemented in a prototype toolkit called XaiTools™.  In all, the test cases utilize some 260 different types of COBs with some 370 relations, including automated solving using commercial math and finite element analysis tools.  Results show that the COB representation gives the MRA a more capable foundation, thus enhancing physical behavior modeling and knowledge capture for a wide variety of design models, analysis models, and engineering computing environments.

1.7 Analyzable Product Models - PhD Thesis

Reference 
Tamburini, Diego R. (1999) The Analyzable Product Model Representation to Support Design-Analysis Integration. Doctoral Thesis, Georgia Institute of Technology, Atlanta. 


http://eislab.gatech.edu/pubs/theses/99tamburini/
Abstract 

Despite the number of sophisticated CAD/CAE tools available, collecting the product information needed for engineering analysis often poses a significant challenge. Contributing to this is the fact that there is rarely an integrated source of analysis information, since the product development normally involves designers from several disciplines using a variety of independent computing and manual systems. In addition, analysis models need idealized product information, which may require significant simplification or transformation of the design data. Some point-to-point solutions exist that integrate specific design and analysis tools, but the knowledge used to combine and idealize design information for analysis purposes is normally not captured in an explicit reusable and traceable form. 

This thesis introduces a new representation of engineering products - termed Analyzable Product Model (APM) - aimed at facilitating design-analysis integration. This representation defines formal, generic, computer-interpretable constructs to create and manipulate analysis-oriented views of engineering products. These views help bridge the semantic gap between design and analysis representations, providing a unified perspective more suitable for analysis which multiple analysis applications can share. They are obtained by merging design representations from multiple sources and adding idealized information. 

This thesis presents test cases and a prototype implementation used to validate the APM Representation. These test cases, which come from the electronic packaging and aerospace industries, utilize commercial CAD/CAE tools and STEP information exchange standards. 

As these test cases demonstrate, APMs provide a stepping stone between design and analysis which absorbs much of the complexity that would be otherwise passed to analysis applications, resulting in leaner analysis applications. Another key APM distinctive demonstrated is the ability to formally represent the knowledge required to combine and idealize design information for analysis. While such knowledge is critical to achieving repeatable and automatable analysis, it is largely lost today. 

1.8 Interfacing Geometric Design Models to Analyzable Product Models - MS Thesis

Reference 

A. Chandrasekhar (1999) Interfacing Geometric Design Models to Analyzable Product Models with Multifidelity and Mismatched Analysis Geometry. Masters Thesis, Georgia Institute of Technology, Atlanta.


http://eislab.gatech.edu/ 

Abstract 

CAD design models are typically analyzed across various disciplines such as structural analysis, thermal analysis and vibration analysis. Further, for a given design model, each analysis discipline may require multiple analysis models. Thus, while every mechanical engineering component typically has one associated CAD model, it can have many associated analysis models. A key step in creating analysis models is to abstract the geometry of the structure that is to be analyzed. Most often, the geometry of the CAD design model is complicated and needs to be simplified and/or idealized for each analysis discipline. Much of this analysis model geometry is often common to, and/or derivable from its CAD model. In cases where there is a high mismatch between CAD geometry and analysis model geometry, the present state of engineering analysis typically requires the analyst to re-create this common and related analysis geometry from scratch in the analysis system. Thus, the associativity between the design model and its analysis models is not explicitly captured.

This study has developed a technique that enables the analyst to selectively choose and extract the attributes of desired geometric entities from CAD models, for the purpose of creating its analysis models. The capabilities of different CAD systems, namely, IDEAS, CATIA and Pro/Engineer were studied, and the technique was generalized for typical modern CAD systems. The technique was implemented with the CATIA CAD system and tested with several mechanical and aerospace components. 

Results show that this technique enables explicit design-analysis associativity and facilitates the engineering analyst to create different analysis model geometries with varying degrees of idealization from the same CAD model.

1.9 Product Data-Driven Finite Element Analysis - MS Thesis

Reference 

Koo, D. (2000) A Product Data-Driven Methodology for Automating Variable Topology Multi-Body Finite Element Analysis, Masters Thesis, Georgia Institute of Technology, Atlanta. 


http://eislab.gatech.edu/pubs/theses/2000-koo/
Abstract 

CAD-CAE integration focuses on shortening the transition time between a design model and its analysis models.  The multi-representation architecture (MRA) developed in recent years emphasizes CAD-CAE integration to make automated simulation-based design ubiquitous.  To date the MRA has successfully automated product data-driven finite element analysis (FEA) using the fixed topology template methodology.  While this class of problems is important, variable topology analysis models are often needed to support product design.  Yet creating FEA models that have many bodies (material regions) is a manually intensive effort in current practice.  This thesis presents a new methodology to better handle such cases.

The variable topology multi-body (VTMB) methodology introduced here creates algorithms that automatically transform design models into FEA models.  Such an algorithm uses the MRA to extract idealized attributes from a specific class of detailed design models.  It then identifies basic shapes and assembly information, recognizes VTMB FEA issues, and performs procedures that are normally done manually (e.g., decomposition).  Finally, it creates FEA tool inputs, executes the tool, and extracts relevant results for further processing by its MRA context. 

To test the methodology, algorithms were developed for several classes of problems in the electronic packaging industry. Test cases are given for one 2D regular shape case (printed wiring board warpage), two 3D regular shape cases (thermal resistance analysis of ball grid array packages), and one 3D irregular shape case (thermal resistance analysis of quad flat packs).  Multiple designs were analyzed for each of these cases.

These experiences highlighted areas where the MRA needs extensions to reduce algorithm development time and broaden algorithm applicability.  However, results show that the present VTMB methodology can produce algorithms that reduce FEA model creation time by a factor of 10 or more (from days/hours to minutes).  Test cases also demonstrate methodology applicability to a diversity of problems.  Ultimately this automation leads to better designs by enabling more analysis and better understanding.  

1.10 MRA-Based Optimization - PhD Thesis

Reference 
Selçuk Cimtalay (2000) Object Oriented Paradigm for Optimization Model Enhancement. Doctoral Thesis, Georgia Institute of Technology, Atlanta. 


http://eislab.gatech.edu/ 

Abstract 

The modeling process that transforms a detailed product design and its multi-fidelity analysis models into an optimization model is a non-trivial task requiring large amounts of diverse information, engineering theory, and experienced-based heuristics, as well as the support of optimization, design, and analysis tools.  Engineering optimization can be viewed as an information intensive problem that requires engineering information solutions.  

This research has focused on developing a new information representation of optimization models, termed Enhanced Optimization Model (EOM).  EOM represents an information framework for an object oriented design methodology for optimization model construction, enhancement, classification and solution.  EOM utilizes a combination of constraint graph and object techniques to provide semantically rich mappings.  EOM representation consists of an information model structure and protocol, and modeling languages for creating EOM objects.  Specifically, EOM representation is developed as an information representation by focusing on the optimization aspects to partition the optimization area into more trackable and modular objects.  Key distinctions are the explicit representation of the associativity between an optimization model and its analysis and design models and the ability to support multi-fidelity optimization models as the design progresses.  

EOM concepts have been prototyped in Java in conjunction with optimizers (Bolink, CONMIN etc.), analyzers (Ansys FE) and symbolic solvers (Mathematica).  Structural analysis and electronic packaging test cases illustrate the different characteristics and help to evaluate the EOM representation with respect to the thesis objectives.  Results show that EOM representation enables the enhancement ability to capture optimization model building information, to modify the models easily, and provide flexibility to designers. 

2 Project Summaries/Reports (Applications)

These projects include application of the below concepts and techniques.  Pre-1995 work is also available.

2.1 TIGER Project (1995-1997)

http://eislab.gatech.edu/tiger/
"Best Distributed Application Using Object Technology"

ObjectWorld'97

The DARPA-sponsored TIGER project (Team Integrated Electronic Response) demonstrates advanced engineering collaboration between primes and suppliers using standards-based design and manufacturing tools. This $1.4M program was initiated in 1995 under funding from DARPA BAA 95-23 via the National ECRC program. 

In the TIGER scenario, a large manufacturer provides its suppliers early printed wiring assembly/board (PWA/B) design information in a standard STEP format (AP210). Suppliers use the TIGER toolset via an Internet-based engineering bureau to supplement this information with their process expertise. Descriptions of their manufacturing capabilities are represented using STEP AP220. They then perform a variety of process-specific design checks, including design-for- manufacturability (DFM) and thermomechanical analyses. As members of the product team, suppliers feedback structured design improvement suggestions via a Negotiation Facility. 

The TIGER scenario has been tested with Boeing and Holaday Circuits as a representative prime and supplier, respectively. Other team members were Arthur D. Little, Atlanta Electronic Commerce Resource Center, Georgia Tech, International TechneGroup Inc., and SCRA (the program lead). 

Experiences indicate TIGER leverages the expertise of suppliers to provide certain design checks that are more precise than those typically done by primes. The Internet-based engineering bureau offers these checks to suppliers on a cost-effective basis ranging from self-service (for highly automated product-data driven routine analyses) to full-service (for challenging new analyses). This paradigm provides suppliers advanced capabilities without requiring expensive in-house tools and expertise. 

Other accomplishments include the world's first usage of the STEP draft standard for PWA/Bs (AP210 DIS) to drive DFM and finite element analyses - all using live data that originates in the Mentor Graphics circuit board layout tool. 

Overall, the advantage of TIGER techniques is the effective inclusion of suppliers in the product team, resulting in cost-saving design improvements and reductions in design iterations from days to hours. 

Georgia Tech 

As members of TIGER with close ties to the Atlanta ECRC, researchers in the Georgia Tech EIS Lab and CASPaR Lab have focused on the engineering service bureau paradigm, the thermomechanical analysis capabilities, and the underlying CAD/CAE integration techniques. 

Atlanta ECRC 

The role of the Atlanta ECRC has been assistance with the electronic commerce context, which deals with business aspects of collaborative engineering such as electronic request for proposals, technical data exchange, and Internet-based security. The AECRC is also helping disseminate guidelines for primes and suppliers on implementing TIGER techniques, as well as hosting the demonstration engineering service bureau. 

2.2  ProAM Project (1997-1999)

http://eislab.gatech.edu/projects/proam/description/
One key to obtaining quality parts from Small and Medium-Sized Enterprises (SMEs) is their ability to analyze the physical behavior of parts and manufacturing processes. Through techniques such as finite element analysis, SMEs can greatly impact products by optimizing their performance, judging design alternatives, and improving manufacturing yields. However, industry often does not benefit from such analysis due to the lack of easy-to-use product-specific capabilities. This situation is exacerbated in SMEs where limited resources typically preclude having in-house analysis tools and staff. Yet SMEs need analysis capabilities as they are often the ones with the precise product and process knowledge required to realize improvements.

The U. S. Department of Defense Joint Electronic Commerce Program Office (JECPO) has sponsored the ProAM effort with the Army Aviation and Missile Command (AMCOM) as primary stakeholder. Under subcontract to Concurrent Technologies Corp. through the Atlanta Electronic Commerce Resource Center (AECRC), ProAM has focused on improving missile electronics through advanced engineering analysis integration and delivery. This Georgia Tech-led effort has addressed barriers to small & medium-sized enterprise (SME) analysis of product physical behavior with the involvement of Circuit Express Inc. and System Studies and Simulation Inc., two SMEs in the AMCOM supply chain (Figure B1). 

Tools and technologies resulting from the ProAM project include:

· U-Engineer.com, a self/full-serve Internet-based engineering service bureau (ESB) with highly automated analysis modules for printed wiring board (PWB) fabricators and designers (Figure B2). Some modules, including PWB impedance models and the IPC-D-279 plated-through hole fatigue model, are available for usage via web-based thin clients. Accessing U-Engineer-based solvers as a thick client, XaiTools PWA-B™ provides other tools for PWB layup design and warpage analysis. 

· General ESB and analysis integration techniques underlying U-Engineer, including: 

· A prototype template to aid establishing other Internet-based ESBs via technologies such as thick and thin client tools, CORBA-wrapped analysis solvers, and Internet security . 

· Product data-driven analysis techniques to enable highly automated plug-and-play usage via emerging product standards like ISO STEP AP210 and IPC GenCAM/GenX. XaiTools, the general-purpose analysis integration toolkit underlying XaiTools PWA-B, is highlighted with its integration to commercial CAD/CAE tools and applications to other product domains. 

U-Engineer utilization by SMEs and Primes is highlighted, including solving production problems, evaluating design/process alternatives, and increasing awareness of potential issues. Experience has shown that ProAM technology excels at delivering automated product-specific analysis to places it has never gone before.

While ProAM has focused on tools for the AMCOM PWB supply chain, these same tools and techniques can benefit other industries. Envisioned applications include development of analysis module catalogs for other domains and establishment of company-specific Internet/Intranet-based engineering service bureaus.

2.3  Boeing PSI Project 

	
[image: image1.png]



	[image: image2.wmf]


2.3.1 Phase 1 (1997-98)

http://eislab.gatech.edu/projects/boeing-psi/
The Product Simulation Integration (PSI) Structures project is under way in Boeing Commercial Aircraft Group (BCAG) to reduce costs and cycle time in the design, analysis, and support of commercial airplanes.  The objective of the PSI project is to define and enhance the processes, methods, and tools to integrate structural product simulation with structural product definition.  This includes automated engineering analysis as an integral component of the product definition.  Subprojects have been defined and working selected topics toward accomplishing the objectives of the PSI for BCAG Structures.  Formalized integration activities have also been identified to support the PSI subprojects through their technology life cycle.  [Prather & Amador, 1997]

As part of PSI, Georgia Tech has contributed an information modeling language, termed constrained objects (COBs), that is aimed at next-generation stress analysis tools.  COBs combine object and constraint graph techniques to represent engineering concepts in a flexible, modular manner.  COBs form the basis of the extended multi-representation architecture (MRA) for analysis integration, which is targeted at environments with high diversity in parts, analyses, and tools [Peak et al. 1998].  A key MRA distinctive is the support for explicit design-analysis associativity (for automation and knowledge capture) and multidirectional relations (for both design sizing and design checking). Another MRA characteristic is using COBs to represent and manage complex constraint networks that naturally underlie engineering design analysis.
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Using a case study approach, lug and fitting design guides have been recast as example reusable COB libraries.  The use of these and other COBs on structural parts relevant to the aerospace industry has been demonstrated.  These case studies utilize XaiTools, a toolkit implementation of MRA concepts, which interfaces representative design tools (CATIA CAD, materials and fasteners libraries) and general purpose analysis tools (Mathematica solver, ANSYS FEA).

It is anticipated that COBs and the MRA will contribute key technologies to the overall PSI next-generation analysis tool architecture.  The potential impact of explicit design-analysis associativity is significant.  Capturing such knowledge, which is largely lost today, enables libraries of highly automated analysis modules and provides a precise reusable record of idealization decisions.  User adaptation/creation of existing/new analysis templates is also possible. 

Today creating views of analysis results such as internal analysis documentation (strength check notes) and regulatory agency summaries typically requires extensive manual effort.  While COBs focus on core associativity and analysis computation relations, their combination with technology like XML should enable interactive “pullable views” to help streamline this analysis task.  Other COB applications are anticipated, including upstream sizing and inter-analysis associativity.

2.3.2 Phase 2 & 3 (2000-Present)

Synopsis

Phase 2.0 has developed a CAD-CAE interoperability roadmap for a next generation structures environment.  It has been based on design-analysis integration techniques that support environments with a high diversity of advanced needs.

This CY2001 extension contains Phase 2.1 to incrementally develop framework versions as a basis for two releases of lug and fitting analysis templates.  This CY2001 effort also contains these releases: Phase 3.0 will achieve the first test installation at Boeing based on current capabilities in the XaiTools integration toolkit; Phase 3.1 will refine these capabilities to achieve the first key release for Boeing engineers.  Explicit design-analysis associativity will be supported between analysis templates and CATIA CAD models.

This document outlines the tasks for CY2001 in the context of the production road map.  Resulting software tools will be installed at Boeing that utilize CORBA-based solver servers and enhanced interfaces to CATIA.  Anticipated benefits include a) tools that enhance engineering effectiveness by minimizing the CAD-CAE manual data entry gap, and b) increased understanding of next-generation architecture components via concrete capabilities and user experience.  These templates will be used as leading edge examples to also achieve a) and b) with subsequent framework versions for increasingly larger sets of capabilities, templates, and users.

Phase 1 used CATIA v4 for CAD, while Phase 3.0 is investigating similar topics using CATIA v5 for CAD (and some FEA), as well as CATIA Elfini (in v4) for other FEA.

2.4 Shinko - Design-Analysis Integration Research for Electronic Packaging
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2.4.1 Phase 1 (1999-2000)

This description is based on the following conference paper. 

Reference

Russell S. Peak, Ryuichi Matsuki, Miyako W. Wilson, Donald Koo, Andrew J. Scholand, Yukari Hatcho, Sai Zeng (July, 2001) An Object-Oriented Internet-based Framework for Chip Package Thermal and Stress Simulation. InterPACK'01, Hawaii. 

http://eislab.gatech.edu/pubs/conferences/2001-asme-interpack-peak/ 

Abstract

Simulating the behavior of electronic chip packages like ball grid arrays (BGAs) is important to guide and verify their designs.  Thermal resistance, thermomechanical stress, and electromagnetics impose some of the main challenges that package designers need to address.  Yet because packages are composed of numerous materials and complex shapes, with current methods an analyst may spend hours to days creating simulations like finite element analysis (FEA) models.

This paper overviews work to reduce design cycle time by automating key aspects of FEA modeling and results documentation.  The main objective has been automating FEA-based thermal resistance model creation for a variety of package styles: quad flat packs (QFPs), plastic BGAs (PBGAs), and enhanced BGAs (EBGAs).  Pilot production tools embody analysis integration techniques that leverage rich product models and idealize them into FEA models.  We have also demonstrated how the same rich product models can drive basic stress models with different idealizations.  

In this framework, Internet standards like CORBA enable worldwide access to simulation solvers (e.g., Ansys and Mathematica).  Automation and ease-of-use enable access by chip package designers and others who are not simulation specialists.  Pilot industrial usage has shown that total simulation cycle time can be decreased 75%, while modeling time itself can be reduced 10:1 or more (from hours to minutes).  

Key Words

chip package, ball grid array (BGA), quad flat packs (QFP), thermal resistance, analysis integration, variable topology multi-body (VTMB), constrained objects (COBs), multi-representation architecture (MRA), CORBA, Internet inter-ORB protocol (IIOP), Ansys, Mathematica, XaiTools ChipPackage™

2.4.2 Phase 2: Enhancing Thermal Resistance Analysis Capabilities 
(2001-2002)

Synopsis

Phase 1 achieved automated analysis capabilities for the thermal resistance of several chip package families.  With these tools, Shinko performed numerous test cases and achieved more than 75% reduction in total simulation process time in initial production usage.  Phase 2 enhances insertion these capabilities into full production usage for a broader Shinko user base.  It also develops techniques that perform automated product information-driven analysis for a wider range of thermal resistance analysis modules.

2.5 JPL/NASA - Development of Advanced
Collaborative Engineering Environments (CEEs)
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2.5.1 Phase 0 & Phase 1: CEE-based Stackup Design Tool (2000-2001)

Synopsis

Current engineering computing environments can be characterized as largely disjoint sets of tools that exchange information via labor-intensive processes.  While some progress has been made, a good deal of engineering knowledge is not available in effective electronic forms, and interoperability among engineering processes is less than optimum. 

For example, today engineers still often manually add numerous notes and sketches to CAD drawings.  In spite of being in an electronic form, these notes and sketches are in a relatively low-level representation that is not easily processed by downstream tools.  They are primarily intended for human consumption.  These items typically require manual intervention and re-creation downstream, resulting in increased labor efforts and transcriptions errors.  

Thus, there is a great need to capture the higher level concepts behind these items  (e.g., PWB stackup design intent) in semantically rich knowledge containers.  Associativity with other types of information is also needed (e.g., other rich objects that exist in some current CAD tools).  This Phase 1 effort is aimed at a) developing a general methodology and computing framework for capturing this ancillary information, and b) implementing a prototype PWB stackup tool in this framework to demonstrate this approach.

Phase 1 helps JPL/NASA move along the roadmap defined in Phase 0 to achieve a next-generation collaborative engineering environment.  The target environment will leverage advances in engineering information technology, including standards like STEP, to achieve fine-grain, modular interoperability among design objects and related tools.  Techniques based on efforts including Georgia Tech CAD-CAE integration research will be applied and enhanced, and new approaches will be developed as needed.  The target outcome is a virtual collaborative engineering environment which increases product life cycle effectiveness by an order of magnitude or greater.

2.5.1.1 Overview Presentation

This presentation overviews the JPL/NASA Phase 1 project we are working on:

An AP210-based Repository for Collaborative Electronics Engineering - R. Peak

Thursday, January 18, 2001 session

http://step.jpl.nasa.gov/step/AGENDA_NASA-STEP-Workshop.htm
3 Toolkits & Services

These tools and services embody aspects of the above concepts to varying degrees.

3.1 U-Engineer.com (8/99)

3.1.1 Description 

From the home page …

	U-Engineer is a pilot commercial Internet-based engineering service bureau (ESB). We offer the following services to help you improve your product designs and manufacturing processes.

For the electronic packaging industry:

· Self-serve thermomechanical analysis modules for highly automated, web-based usage. 

· Full-serve analysis research and consulting for a broader range of needs. 

For a range of industries (including electronic packaging):

· Analysis module tools and ESB development for your organization's Intranet or supply chain. 

· Full-serve analysis research and consulting. 

NOTE: U-Engineer.com is at an "alpha" level of availability, and some aspects are work-in-progress. Please contact us regarding any bugs you might encounter or other suggestions.


U-Engineer.com is an example Internet-based engineering service bureau (ESB) with catalogs of self-serve analysis modules for PWA designers and PWB fabricators. It includes web-based modules (thin clients) as well as tools for local installation that utilize Internet-based solvers.  These latter types of tools are known as thick clients and are embodied in XaiTools PWA-B (see below). 

These capabilities were developed in the ProAM project (see above). See especially the ESB technical report for further information about the underlying concepts of this engineering-oriented application service provider (ASP).

3.1.2 Access & Usage 

Note: This site exists mostly in its 8/99 pilot state, so some links may not be up-to-date.

1) Connect to http://u-engineer.com/ 

2) Use the account “eislab” with code “marc318” to login. From the login home you can investigate various aspects of U-Engineer.

3) In particular, try the following:

a) From the login home, select Analysis Module Table to go to the Electronic Packaging catalog.

b) See the Users Guide for explanation of the table headings and groupings.

c) Scroll down in the catalog to the PTH Deformation & Fatigue Analysis section.

d) Click on the following to view their documentation:

i) IPC 279 Model (cylinder/Coffin-Manson) - this is a formula-based model 

ii) Axisymmetric Model - this is a finite element-based model

e) Run the above models by clicking on their cells in the Self-Serve Web column.  

i) This route will take you to form-based pages where you can manually fill in new inputs or use the defaults. 

ii) Submit the inputs for solution by pressing the Continue Analysis button at the bottom. 

iii) After a few minutes, a link to the results will appear. Go there to see the results (some are just text-based, while others are graphics-based).

iv) Use the Back button on your browser to go back and change values and re-run the analysis to compare design variations or other variations.  For example, if you increase the temperature, the fatigue life should decrease due to increased stress/strain.

f) Go back to the Analysis Module Table entries for these same models, and this time try the cells labeled GenX (under the Supported Design Formats column).  This route will bring you to web pages where a design model can be entered in the left web page pane. Note these are still self-serve web-based modules.

i) Now, instead of manually entering data into the analysis form, press the Create New PTH Analysis Form button to automatically parse and idealize this design model and extract key parameters for use in the analysis. In this case, a default design in XML format is used.  Other envisioned formats include STEP or native design models from CAD tools.  


This automated approach demonstrates what is termed “product information-driven analysis” which saves time and is less error-prone than manual entry.  Perhaps more importantly, it captures analysis know-how in a reusable form (as design information is usually idealized before usage in analysis in a manner based on engineering experience).

ii) Adjust non-design information if desired (e.g., manufacturing temperatures) or use the defaults.  Then proceed to solve the model and view the results as above.

g) Go back to the Analysis Module Table and try other analysis modules (e.g., the Controlled Impedance Analysis).

Envisioned extensions include full usage of XaiTools underneath these pages (to enable finer-grained interaction and multi-directional inputs/outputs), web pages that are more interactive (e.g., with figures that scale based on model inputs), and fully formatted documentation of analysis results.

3.2 XaiTools FrameWork (XFW) v0.5.0 (6/01)

3.2.1 Description 

XaiTools FrameWork™ is a second-generation Java-based toolkit for X-analysis integration
 using multi-representation architecture (MRA) concepts.  It is particularly aimed at design-analysis integration in CAD/CAE environments with high diversity (e.g., diversity of parts, analysis discipline, analysis idealization fidelity, design tools, and analysis tools) and where explicit design-analysis associativity is important (e.g., for automation, knowledge capture, and auditing).  In this context, analysis means simulating the physical behavior of a part or system (e.g., determining the stress in a circuit board solder joint).

Constrained objects (COBs) are supported in XaiTools FrameWork to address the specific needs of engineering analysis integration for simulation-based engineering (SBE) and virtual prototyping.  The capabilities of this representation include:

· Various information modeling forms: computable lexical forms (including STEP EXPRESS) and graphical forms

· Object constructs: sub/supertypes, inheritance, basic aggregates, and multi-fidelity objects 

· Multi-directionality (I/O change) 

· Wrapping external programs as black box relations

Analysis integration applications of these capabilities include: 

· Implementation of MRA concepts as COBs: 

· Analysis building blocks (ABBs) 

· Represent analysis concepts as reusable, modular, adaptable objects

· Analyzable product models (APMs) 

· Include multi-fidelity idealizations and multi-source design data coordination

· Context-based analysis models (CBAMs), a.k.a. analysis modules and analysis templates

· Contain explicit associativity relations with design models and other analyses

· Solution method modules (SMMs) 

· Support black box reuse of existing tools (e.g., FEA tools and in-house codes)

· Support for design synthesis (sizing) and design verification (analysis) 

The current tool architecture supports:

· Integration with representative CORBA-based analysis tools: FEA (Ansys) and general math (Mathematica) 

· Integration with representative design tools: geometric CAD (CATIA), electrical CAD (via STEP AP210), and libraries (e.g., materials and fasteners) 

· COB editing and navigation/browsing tools 

· COB-based analysis module libraries 

· Usage of Mathematica as the primary constraint solver

Example industrial applications include PWA-B thermomechanical analysis, electronic packaging thermal resistance analysis, and aerospace structural analysis.  Product domain-specific applications such as 
XaiTools PWA-B™ and XaiTools ChipPackage™ have been built upon this general-purpose foundation. 

3.2.2 Download, Installation, and Usage

Here is a rough idea of the recommended approach to get started with XaiTools in particular and XAI in general (X-analysis integration, where X = design, mfg., ...) . 

You are welcome to contact me or others in EIS Lab. We welcome inputs and help with extensions (e.g., adding other tool wrappers, creating other examples, ...).

The XaiTools FrameWork software (including examples and documentation) is available. See Getting Started on the following web page for download links. Note the special instructions on Swing installation regarding “bin”.


http://eislab.gatech.edu/tools/XaiTools/FrameWork/v0.5.0/Documentation/
To get started, I recommend trying it out as an end user for initial familiarization.  Then, depending on your interests, later approach it as a template author, and then as a XaiTools-based developer (see Section 1.2 of the XaiTools FrameWork Users Guide). Ask me for other pointers & documentation that are more end user-oriented after you get it installed and familiarized. 

By default this release is configured to use our CORBA-based Mathematica server here at Georgia Tech. You are welcome to try it on a test basis, but we do not guarantee 100% availability, so check with someone in the lab if it does not appear to be working.  See section below about XaiTools CORBA Servers (XCS) for further information, including firewall considerations and other access methods.

To test your installation, try the spring examples in Section 2. This will also help familiarize yourself with the object-oriented, multi-directional spreadsheet-like interface (i.e., the COB Tree View Browser as in Figure 7).  Try changing input values and re-solving, as well as changing I/O directions per the examples.  

See especially the note in Section 1.1 and the examples in Section 4. I suggest proceeding in this order:

1. spring system 

2. flap link 


a. apm


b. cbams: extension, torsion (FEA-based 2D extension is also available, but requires a local Ansys installation) 

3. el_aero/bike_frame 


a. cbams: fitting analyses

4. Try adapting some of the above and/or creating your own templates and running them in XaiTools (for example, the linear_resistor homework)

For further background on constrained objects (COBs) and the multi-representation architecture (MRA), see the Concepts pointers elsewhere in this document.

3.3 XaiTools PWA-B (XPWA-B) v1.0.2 (8/99)

3.3.1 Description

This application, based on the general-purpose XaiTools foundation, provides a PWB stackup design tool and PWB warpage analysis modules to help designers and fabricators automate tedious tasks and compare design alternatives. (PWB stackup is a.k.a. PWB layup but should not to be confused with PWB layout).

This prototype was produced in the ProAM project geared toward usage throughout the PWA-B supply chain, but especially for small business:


http://eislab.gatech.edu/projects/proam/ (also see above description)

I would characterize this as beta/pilot-production level software, so please let us know of any bugs encountered. See the documentation regarding warpage analysis module status.  PWB fabricators have found these tools useful in their current state for relative warpage values for stackup design comparisons, and to give a physical feel /visualization of deformation behavior (via FEA graphics).

In Phase 1 of the JPL effort, we are working on a next generation of approach to re-implement the stackup tool for updated AP210 usage (IS vs. DIS WD), better performance, enhanced access (e.g., maybe a fully web-based GUI), and refined capabilities.

3.3.2 Download, Installation, and Usage

See Getting Started on the following web page for download links. Note the special instructions on Swing installation regarding “bin”.


http://eislab.gatech.edu/tools/XaiTools/PWA-B/v1.0.2/Documentation/
A default link is set to work with our CORBA-based Mathematica solver.  In this version the link to Ansys FEA (for demo warpage analysis) requires that Ansys be installed on your local machine (other versions of our other tools now can use CORBA-based Ansys servers).  You are welcome to try them on a test basis, but we do not guarantee 100% availability, so check with someone in the lab if it does not appear to be working.  See section below about XaiTools CORBA Servers (XCS) for further information, including firewall considerations and other access methods.

3.4 XaiTools ChipPackage (XCP) (11/00)

3.4.1 Description

XaiTools ChipPackage™ is a software tool with catalogs of analysis modules for analyzing the physical behavior of electronic packages (i.e., chip packages like BGAs and QFPs).  It is built upon XaiTools Framework ™, a Java-based toolkit for general-purpose X-analysis integration based on the multi-representation architecture (MRA) [Peak et al. 1998].  This tool has been jointly developed by Georgia Tech and Shinko.  See the Shinko project overviews for further information.

3.4.2 Download, Installation, and Usage

NOTE: If you want access to the tool itself for evaluation, I will need a request and a description of the intended use so I can ask permission from Shinko. A non-disclosure agreement will likely be needed.  Joint development and licensing opportunities are welcome.

3.5 XaiTools CORBA Servers (XCS) v0.2.0 (10/00)

Note: Some tools like XPWA-B v1.0.2 use earlier versions of XCS.

3.5.1 Description

XCS offers network-based wrappers around engineering analysis tools for highly automated access, execution, and results retrieval from tools based on XFW.  The XFW installation and users guides overview usage of these servers.

These servers are being used in production at Shinko and in EIS Lab, but they are roughly at an alpha-level of maturity regarding ease-of-installation and documentation (but as servers, most XaiTools end users do not need to deal with these aspects).

Presently available for:

· Mathematica (future updates may utilize J/Link)

· Ansys (future updates may utilize vendor supported links, or Accelis-supported interfaces(?))

Coming soon:

· MSC Patran (see separate document with MSC-supported server -- not sure of availability)

· Abaqus (any vendor supported links?)

3.5.2 Network-Based Access 

This section overviews the main access methods for end users (and server configurations for service providers) 

3.5.2.1 At U-Engineer.com (installed at Georgia Tech - via the Internet)

XFW and other tools are setup to use XCS capabilities at Georgia Tech via the Internet. U-Engineer.com acts as a pilot engineering service bureau (ESB) providing these capabilities.

3.5.2.2 Inside an Organization (installed in your own organization - via an Intranet/Extranet)

We also have a server-side installation package so math/FEA solver servers can be setup at other organizations for usage as a corporate ESB internally and/or with their customers and supply chain.

3.5.2.3 At another ESB (installed at the ESB - via the Internet)

We envision that other organizations can setup ESB-type services with analysis modules for other product domains and/or access to solvers.  Some vendors are beginning to offer similar services (e.g., Ansys and MSC).

3.5.3 Download, Installation, and Usage 

Contact us if you are interested in obtaining these tools.

� 	X = design, manufacture, sustainment, etc.


� 	This toolkit release supports COB model definitions (templates) implemented as XaiTools COB schemas (.cos) or STEP EXPRESS (.exp) text files.  COB instances (populated templates) are implemented in XaiTools COB instance format (.coi) or STEP Part 21 (.step or .stp) text files.  It also supports writing HTML formatted versions.  Graphical editing & interaction tools for constraint schematics are planned.
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