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Organization and Overarching Goals in this Report

My overarching goals in composing this report are to develop aatehconcise vision
of the future of engineering, postulate the needs of design / mamuigcenterprises in
the world of 2020, and present solutions to these needs. Towards thstepsdpwards
formalizing product realization in a global marketplace are presented.

In the first section of this report | present the direction of teort in the form of an
interview with the CEO of FutureTechDME Next, | present the position of
FutureTechDME in the next 20 years. In this, | present the psinips that must be
forged, the research challenges the FutureTechDME will faw,tl@e core research
directions to address the scientific formalism of product reaizan 2020. | present my
vision of the world of 2020 around major drives such as technology, economy and
communication considerations. Finally, | develop a vision of supponhtdogy and
academic research to meet the needs of manufacturing enterprises in 2020.

Setting the Context - An Interview with the CEO

My vision of the world of 2020 and the technology needed to support manufgcturin
enterprises in the world of 2020 is presented in the context of ¢mmder a job
opening as a consultant to a high tech manufacturing firm, FuturBlMEh In the job
briefing at FutureTechDME, the CEO states:

Welcome to the briefing. | am interested in positioning our company,
FutureTechDME, to be one of the high tech, global manufacturing enterprises in
the year 2020. | want to hire a consultant who is able to define the

characteristics of this company in the year 2020, the research challénggis
face, its mode of operation, the partnerships it will need to forge an@& mor
importantly the technology that will be necessary to support it emplayé&esng
globally competitive.

| am particularly interested in the research issues that we impeship with our
colleagues in academia will need to address over the next 20 years, hamely

! FutureTechDME is the hypothetical enterprise catidg the job interview. FutureTechDME is used
throughout the paper to represent a multitude sigiheand manufacturing enterprises.



scientific formalism for product realization suitable for a global manuidcg
enterprise

I am looking for a consultant who understands my needs and is cost-effelctiv
am looking for a consultant who is able to conceive, research, and artiaulate
bold plan for the future of our company. | am looking for a consultant who is
able to anchor his/her dream in well-documented scholarship. Most importantly,

| am looking for a consultant who will join my team for the long haul; aqrers
who is able to keep learning and helping my company negotiate its ways through
the first twenty years of this century.

In the following sections, | address several of the main issasied by the CEO of
FutureTechDME, namely:

The strategic position of FutureTechDME

The academic partnerships to be forged

Goals and research issues to be addressed

Challenges that FutureTechDME will face over the next 20 years, and

My vision of the world of 2020.

Strategic Position of FutureTechDME

In this section | present my vision of where FutureTechDME weied to be positioned
and what partnerships will need to be forged to be successfulttmverext 20 years.
These visions are focused on the following statement by the CEO of FutureTechDME

| am particularly interested in the research issues that we in pasttipe

with our colleagues in academia will need to address over the next 20
years, namely, a scientific formalism for product realization suitabla f
global manufacturing enterprise

FutureTechDME must position itself and invest in two distinctsgreamely, (1) core
scientific research areas and (2) the scientific formabzadf product realization. In
Figure 1, the strategic position of FutureTechDME and the eakttips with university
research labs is shown. As a leading design and manufacturirrgrisetan 2020,
FutureTechDME must be strategically positioned in relationsfimgsdirection to drive
the formalization of product realization.
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Figure 1. The Strategic Position of FutureTechDM E

First, FutureTechDME must continue to design, develop, and manufaciitirey edge

products and technical systems. To support the development of cutting edgetpr
and technologies, FutureTechDME must continue to invest time and nionayre

sciences, such as thermodynamics, machine design, materials dasigmnics of
materials, and manufacturing to name a few. Additionally, thegt invest in expertise
domain knowledge for the realization of technical products. Thedre@isaarch and
expertise in these areas cannot be overlooked while developing and pumehingxt

generation of products from FutureTechDME.

More importantly, FutureTechDME must position itself and invesha development
and formalization of product realization theory and methodology. In iaddtb
continued research in basic sciences and domain expertise, a@dmtfntt must be put
forth to shift product design and realization from an artistic-cedtereative activity to a
scientific-based, mathematically rigorous endeavor.

FutureTechDME must support the formalization of product realizati@mugjr research
conducted in internal research labs and design centers, but alsghttoooperative
research efforts with university partners. Partnerships withetsity labs are very
important because of the degree of separation from simply “devglgpmduct” to
creating new knowledge. University labs are able to concentrathe development of
theoretical underpinnings while using case studies and first handiemqes from
FutureTechDME as motivation and direction for developing support tools and methods.

In this section, | present an overview of the partnerships Higah®ME must forge as
well as the position in which it must be placed. | highlight ttheng need to forge
research partnerships with university labs over the long temrthelfollowing sections, |
present the position and direction these partnerships should be doasseell as
immediate goals for FutureTechDME and associated academic partners.

1.1.1 Research Position of FutureTechDME

FutureTechDME must invest both time and money to support acadenacctesawards
the development of product realization tools, methods, and theoreticabubabrs. The



formalization of product realization is a large task that cabeaxpected to be solved in
a short period of time by a single manufacturing enterprise. eMerva concerted effort
must be made towards theoretical research and advancementsgn thesiry and
methodology. The research focus of FutureTechDME should be dirembeatdt
managing information and knowledge in the product realization process.

As we accelerate rapidly into the information age, there has lgea@®emingly limitless
supply of information generated and used in the product realization prokkss of

this information about product and process is stored, managed, craaled¢ccessed
digitally. The information age, and the advent of digital prodealization has not only
changed the way in information is exchanged, but also in how prodalization is
completed. Theoretical underpinnings and methodologies have not been dgequate
developed so as to maximize the benefit from information technology.

There are two important needs in improving the efficiency andtefémess of product
realization, while achieving a scientific formalization of pradrealization. First, the
underlying methods and core theoretical advancements must besastlthat links the
information revolution and product realization. Secondly, the developmenbisf tb

support, manage, and leverage the massive amount of digital infenmatiproduct
realization must also be developed.

While FutureTechDME must not lose the focus of developing high-gualiting edge
products, critical analyses and review of current realizatiomadstand practices must
be completed to gain a deeper understanding of product realizatmis@entific based
activity and improve the realization process. The core focusitoféTechDME should
be on digital product representations or in better terms the ‘idegitarprise”. As part of
the enterprise FutureTechDME will specifically focus on engjiimg and design and the
interaction in the design of complex technical systems. In  supporthisf
FutureTechDME should research, develop, and implement engineeringnaititom
technologies to support product and process information.

1.1.2 Partnershipsto Forgefor FutureTechDME

The partnerships that FutureTechDME must forge over the next 20tpelae successful
in product realization are very important. FutureTechDME must caenpésearch on
the theoretical underpinnings and core technologies to support prodilizati@a
FutureTechDME must partner with leading academic labs in #ees af product design,
strategic planning, computer science with a strong backgroundginezring product
design, innovation and business. Currently there are many desigmufatturing
enterprises that are partners with academic lab — however this is fted lilegree.

To be successful in the future, FutureTechDME must forge strquegémerships and
invest in academic relationships. FutureTechDME and the associated aciadbsmicist
have a vested interest in the success of product development, creatiigitaif
enterprises for product realization, and the formalism of produlczatan. As depicted
in Figure 1, FutureTechDME must have a strong presence and/enveht with the
direction of research in product realization through case studies iestehaind
experiences. Similarly, academic research labs must stepduture of product
realization by establishing new methodologies and theoretical pindergs in product
realization. This relationship must be kept in check to ensure awadesearch lab



don’t act as consultants to FutureTechDME and similarly so atadibs do not
develop theories or support tools that will not be used by industrial partners.

As part of the key partnerships, personnel include academicyfacedearch scientists,
graduate students, and technical contacts / visiting researcbersvérious industrial
partners. A brief description of expected responsibilities include the falipwi

Academic Faculty- disseminate knowledge and present the research area of indorma
management to student and other colleagues in the domain of infornetiorology.
The academic faculty will have the job of conducting researchalbatemphasis on the
importance of computer technologies, information management, and relpiesitb the
mechanical engineering curriculum. The academic faculty wilo ahave the
responsibility of conducting research in the area of informati@anagement and
technology

Research Scientistsdevelop technologies and tools to support information management
in design and manufacturing enterprises. Research scientistisgilbe responsible for
disseminating knowledge, but will be the prime persons in developraadt
implementation and research towards bridging gaps in current informati@yemeant.

Graduate Students Will serve as thought leaders toward information management.
Student will work and complete research and implementation. The db¢his work will

not be on commercially available tool development or production us&geof-of-
concept implementation of developed methods and techniques are expected.

Industry Liaison / Visiting ResearchersEngineers and scientist, technical managers will
join the lab for periods of time —their focus must not be simply oneémehtation, but
driving the future of product realization. These researcherdwitesponsible for close

ties to industry, case studies, and integration of developed technologies to product usage

The success of FutureTechDME depends not only on the team membeassdoon
sharing and disseminating information, experiences between albenerof the teams.
This information may be case studies, technologies advancementsluctrealization,
feedback from engineers at FutureTechDME, and research findingsretibal
advancements, or the development of support tools from the academic side.

Only through close contact will FutureTechDME be successful irfutuge of design
and manufacturing. By forming these long-term partnerships HAwan®ME can
expect benefits in distributed product realization — however theseitseaed not
immediate. Design and manufacturing enterprises must contninvdst and partner
with academic laboratories over the long-term to move towardsraliem of product
realization.

Relationships with academic lab are important because of tleeedife in the goals of
the research labs and manufacturing enterprises. The mais goahanufacturing

enterprises are to make a profit and produce products. While erdayprises have
made a commitment towards continued research, it is not the main @m the other

hand, the goals of academic research labs are to create amdirisseknowledge. By

leveraging the goals and focus of both manufacturing enterpnsieacademic research
lab, leaps and bounds can be accomplished towards the formalizatiorochfctpr
realization over the next 20 years.



1.1.3 Goalsto achievefor FutureLab DME

To support the formalization of distributed product realization, FutaleD®E and
associated university research labs must work towards achiexwegat goals. A key
concern in distributed product realization for FutureTechDME in 2020thes
development and usage of a comprehensive information model for both product and
process based information, as well as associativity betweemeatsi. In developing a
comprehensive, semantically rich information model FutureTechDMEddsity
partnerships must address several issues including,

e Capturing product knowledge and information in the realization process, in a
computer and human —sensible manner to support collaborative computer-based
product realization

» The utilization of formal product and process models to support knoweakgps
product development

» Development of computer-based tools and frameworks to support information
sharing through a product and process model representation

* Development of a robust and flexible design process model for useilihn m
disciplinary system realization teams

Developing distributed product realization (DPR) frameworks to supihat close
associativity between product and design process models is becamsiegsingly
important to successful and efficient product realization.

By developing DPR frameworks, the product realization procesbeamore efficiently
and effectively supported. In turn an increased amount of procebsprduct
knowledge and information will be captured so as to reduce the lom@@land effort in
the realization process.

Future Lab DME will achieve the goal of modeling product and peocgsrmation to
increase the efficiency and effectiveness of system réalizséhrough the following
objectives

1. Design, develop, and implement method and tools to manage information in
the product realization process

2. Work with industrial partners to study and improve the efficierudy
information management in product design

3. Support the development of an engineering curriculum toward information
technologies in the classroom — emphasis on mechanical engineering

4, Work toward the development of standards
1.1.4 Challengesfor FutureTechDME

Over the next 20 years, FutureTechDME will face severalaingdls on the cutting edge
of research and the design and manufacturing of technical produetgeralSof the
challenges FutureTechDME are listed below.

« How to develop partnerships with academia and research centeustiothe
envelope and shape the leading edge of design and manufacturing.



FutureTechDME will need to forge strong relationships with cewtieescellence
in academia to develop tools, methods, and technologies to remaadea la
product realization.

* FutureTechDME will need to make significant investments in &@me financial
resources with academic partners towards a scientific famdbr engineering
product realization. In this time when enterprises are cutimgn back on
research and development and strategic partnerships with unesrsiti
FutureTechDME must envision the long term and make investments for long-term
success.

* Information technology must be infused into business and product development
practices. As product development becomes more distributed infonma
technologies will increasingly support FutureTechDME internaho dompany
and with outside vendors and suppliers. While there may be an im#gstment
for hardware, software, and training of IT, the return on investmiirttengreater
over the long term. There may Infusing ideas of information techndiogy
engineering student, especially mechanical engineering

* A good balance between domain experts and systems engineetsenagsieved
to remain competitive and foster good communication amongst stakehaider
the realization process. The complexity of modern, and future, products
pushing the limits of integration between engineers, managelghees and
various stakeholders involved in the realization process. Engindédsewhe
thought leaders and managers in the realization process and nknstwable in
a multitude of fields as well as integrating various areblse organization and
mode of operation of FutureTechDME must be structured to maximize the
efficiency and effectiveness of systems engineers in the @radalization
process

» Developing support technologies and frameworks for product realization.
FutureTechDME must be visionary in product realization and not just “fight fires”
throughout the realization process. As changes are infused t@ahezation
process a reflection process must be completed to ensure impraventbe
realization process and the development of support technologies to leaders
in the world of 2020.

* FutureTechDME must develop processes and products that are open dotd flex
to change as future demands and needs change. By developing opexiated fl
engineering systems [1] FutureTechDME will remain competitn design and
manufacturing over the long haul. The open systems paradigm should be
followed for the products FutureTechDME develops as well as teepses they
follow in product realization.

The vision of the world of 2020 and the needed support technologies are patdicat
the intimate involvement of FutureTechDME as a both a thought leadproduct
realization as well as a leader of design and manufactarieagthe next 20 years. The
challenges that FutureTechDME provide motivation for envisioning thrddvef 2020,
postulating the needs of a design and manufacturing enterprise in 20@0sipg the
necessary support technologies to meet these needs, and finalgpiey a scientific



formalism for product realization. These challenges are ongyvaliat enterprises will
face over the next 20 years. However, they are keys in shapingrbdwct realization
will be completed and how enterprises will operate.

Establishing the World of 2020 — Postulating the Fu  ture
of Engineering Product Development

In this section | provide a historical view of engineering, glesand manufacturing.
Based on this view, | propose what the future of engineeringowilike and postulate
how engineering product development will be completed.

Motivation for developing my Context of the world of 2020

The motivation for developing the world of 2020 is to develop design methods and
support tools to meet the needs of the future. In this effortemat to paint a vivid
picture of the future of engineering. | present an overview ofgdesanufacture
characteristics of the past and present and postulate whaitttine Wwill be. From these
characteristics, | identify the drivers of the world of 2020 and deweapacteristics for

the future of engineering product realization.

Questions Posed to Develop a More Concise View of the World of 2020

To aid in the development of my view of the world of 2020, | have formiiis¢weral
questions

*  Why should be pursue a scientific formalism for product realization fglobkal
manufacturing enterprise

Design is a complex activity often driven by the personal eispeand experience of
those involved. As companies become increasingly global the expertgsakground,
education, and views of the designers and engineers involved in the prealigztion
process may vary dramatically. The methods, tools, and techniquésefdesign of
technical products must be formalized into a scientific basedyemaitically rigorous
activities to ensure that geographically and culturally distedbudesign teams are
“speaking the same language” to ensure successful product development.

* What is the purpose and benefit of using a design methodology?

A design methodology can increase the probability of producing assfieteroduct or
process. More over, in the event that obstacles are facgdtemnatic design approach
will lessen the risk of a design. For example, if obstaclesacountered well into the
detail design phase, the systematic approach will minimizeuhwer of steps that must
be repeated to remedy the problem. From a legal standpoint, teenaiis approach
should emphasize detailed documentation. Because the design is commpéettdndard
manner, with specific augmentations for the specific designe tiseat higher chance of
keeping records of the process and the decisions made throughout the design.

By following a design methodology, the process can be refeored the future for
changes made to the specific product or can be used to dettreatsme for related
products.



* What are the implications of enterprises in manufacturing?

When | envision enterprises, | think of large multi-locational comganiaow are such
companies going to operate in the future. What is going to be rihetuseé of the
companies and how are design processes going to be managed. @anéstin
business today have shown that large companies have many digigdosittiaries that are
not always a walk away. What sorts of issues are these companies gaice to f

* How will information and knowledge be shared with members of a design group?

Information, documentation, and calculations must be shared amongst gnougemie
complete assignments. How will this information be shared whesingagapers is not
adequate and mail is not quick enough? Granted now we have fax mactinesail,
but this is often not adequate to pass large amount of information. tAorkéased
design repository will serve as a central database fommaftbon relevant to group work
and allow groups to meet and interact as though they are faceetanfactraditional
classroom environment. In addition to being able to access informattbe repository
it must be able to be process and/or used by all stakeholdeng idesign process.
Standards must be developed to enable seamless sharing of informathendesign
process. These standards will become more important as produmtseb@ore complex
and information continues to be stored and created digitally.

* What will the standards of “business” be amongst members of the group?

Prior to tackling a design problem, the “right” group must be formd@dhis is not
accomplished by picking names out of a hat, but rather should be compittddgic

and thought. Groups should be formed based on the interests, goals, andatataeh
member can bring to a group. In forming a team, the idea of develapougle of
conduct and work ethic should be addressed. In this contract of smtsissues as
design goals can be clarified, ethical issues can be resolvedsindlliocation can be
determined. The code of conduct should be developed and formed to maximize the
efficiency of the team.

* What is the role of information technology in the product realization pramfesgen
systems?

As we enter the information age what support tools are neededédttr changing face
of engineering design. While | do not think that the developmenmoal$ will drive
paradigm shifts in manufacturing they will help to change thpeslod how engineering
is done.

Under standing our past and our present

In order to postulate the future of engineering product realizatiermust study the past
and present. The characteristics and paradigm shifts we id&atifythe past will aid in
developing a more concise vision of what the future has in store. malan[2]
characterizes several differences between tffece@tury to the Zicentury (see Table
1).



Table 1. Shiftsfrom the 20" Century to the 21% Century in Design and M anufacturing.

20" Century Industrial Age 21% Century Information Age
1. Mass production Mass customization

2. Labor serves tools Tools serve labor

3. Labor perform repetitive tasks Labor applies knowledge
4. Command and control structure Common control structure
5. Capital intensive Knowledge intensive

6. Capitalist own production means Labor owns production

7. Capital is primary driver Knowledge is primary driver

The characteristics presented in Table 1 provide a good basis oh whirther
postulate the world of 2020. There has been a shift from mass poodtmtmass
customization in many consumer products. Additionally, there has beéiit d&rom
human labors serving the tools to tools supporting human labor. Fimalym@st
importantly, there has been an increase in the importance of knovitengaufacturing
that has driven not only how goods are produced, but also how they myeedesThere
has been a shift from the Industrial Age in th& Z@ntury to the Information Age in the
215 Century.

1.15 Historical Trendsin Product Realization
Roman [3] makes the following assertion about the world of the pagshamesent
as drivers for the future

Historically, the main conditions that sparked paradigm shifts in design
and manufacturing were changes in technology of energy, resources,
transportation, communication, markets, management, and economic,
political and production ideologies

| paraphrase several key points that have drastically changed emgjragesign from [3]:
» Shift from working with natural forces to working against them

» Shifts from static, season-constrained energy sources to morke melable and
cheaper sources

» Shifts from old closed mercantile trade practices to fregk@nadeology where
government is involved

» Shifts to faster, far-reaching, all-weather, affordable transportation

» Shifts from small scale, limited markets to larger markath more specialized
and exclusive goods and services with the distribution and markestens/to
support them

* Increased political power to companies due to changes in legskatd lobbying
strategies that help these companies get favor from legislation
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In addition to looking over the historical trends and paradigm shiftsoihupt realization
of the past, it is beneficial to examine the current trendsadyat realization. In the
following section | take a closer look at the current trends in design and manuatactur

1.1.6 Present Trendsin Product Realization

In a survey of current product realization practices, the followregds in product
realization are identified:

e Large corporations must manage a tremendous amount of data, inforaradion
knowledge between multiple locations are multiple times

» There is often a drive to “fight fires” in product realizatian dolve problem
temporarily, but not get to the root of the problem

» Outsourcing — non-core activities are being pushed down the supplygdésign
line). Enterprises are concentrating on only the essentigiti?zs. Companies
must have a longer term plan

* Market pressure has pushed manufacturers to develop improved quality product
in a shorter time — there is a need to develop and use information technology

In addition to the general bullet points above, | highlight several ketprfaof the
Information Age and the effect on distributed product realizationthéninformation
Age, we expect that amount and availability of information throughmuentire design
process will continue to increase. However, a major obstacleiimformation Age is
not the volume of information in the design process, but how the informatroanaged
and how usable the information is in the realization process. rébdsgy points in the
managing information in the product realization process are the following:

Engineering is becoming digital Companies are using technologies such as computer
aided drafting (CAD), finite element analysis (FEA), systengineering tools, email,
and product data management systems (PDM) to manage enginegstems
realization. However, these tools are still in their infaaog are not used efficiently or
effectively.

Computer Aided Design (CAD} most CAD applications are used for detailed design
and usually only captures shape information (some material infempatiCurrent tools
do not support conceptual design or exploration of functional principles indepesfde
form. Additionally, CAD files are most often in proprietary f@ainand can not easily be
shared between design firms and various groups

Finite Element Analysis (FEA} Integration between formal tools — there is a huge gap
between engineering synthesis tools (e.g. CAD) and engineanialgsis tools (FEA).
There is not a close association between design models and amabgsels — thereby
making it difficult for analysis driven design. This large gaprease the efficiency of
design in the detail phase

Product Data Management (PDM)Product Data Management systems offer a great file
management system. In our view, this capability is tremendous.e\onwPDM are the
most immature of engineering tools and their use is not well krayvatudied. At the
present time, PDM offer a fantastic method to store and gaar@ssembly files but are
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not well integrated into the design process. When and where RibdMsased in the
realization process are not well known or well studied.

Communication- The prime method of communication amongst distributed engigeerin
teams is still (1) telephone (including teleconferencing), d@jail, and (3) design
meetings. This is often a difficult and expensive way to shaigméeformation. Email

is a quasi one-way line of communication with little or delayechédiate feedback. The
telephone offers two-way lines of communication but is often harcptaie complex
concepts across the phone line. Design meeting, the traditiondbmnadgsign reviews in
product realization are more expensive and require more time. hhétb®f phone and
emalil are the availability and cost, but lack the bandwidth of sharing infemati

Design Meetings- Design review and meetings are becoming distributed — th@ftare
limited by bandwidth and communication mediums. The method in whichmation is
shared is a limiting factor on distributed design teams

Expert Systems- they are making a comeback after a long decline of usagevalle
of an expert system is becoming more important as there iscatoeeapture deep
knowledge in many locations

Manufacturing— manufacturing is still by basically traditional meansa¢hine tools)
there is a growing trend toward non-traditional manufacturingt &Parcomponents can
no longer be manufactured with traditional tools. Additionally the w@dgy for non-
traditional manufacturing is spilling over to prototyping and digital communoitat

Design Enterprises the view of design-manufacture enterprise is changing. t®tree
changes in the market there is an increase in only completirg activities and
outsourcing the fabrication. | believe this has caused the decldesign as intellectual
property rights are being diluted. Not only is fabrication leaw@ntgerprises, but the
design cycle is also being outsourced.

In the section that follows, | establish my view of the Worl@@20. This is a vital part
to answering my Q4S because it drives my assumptions and requirementsalidesogn
method.

Developing the World of 2020

I highlight several characteristics of the world of 2020 in ereging design and product
realization. These issues range from political and economicesmdo technical
concerns that will shape the way in which product realizationb&icompleted over the
next 20 years.

Political/Economic

- Global standards

— Smaller politically, larger economically

— Super economies (e.g; India, China)

— Trade will keep on being used as political and economic tool
— Standardization at a global scale

Social/Cultural
— Mass communication: greater homogenization of cultures globally
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— Degradation of moral values learned form religions will increase
— Better defined code of ethics
— English will be the dominate language

Technological
— Increased computer capabilities

— Internet based communication
— Virtual prototyping/simulation will cut design time
— Integration of manufacturing and design

Business

— Most companies will move to developing comprehensive systems rdthar
discrete components

Other companies will provide renting and maintenance rather then selling
Process environmental data for sustainable development efforts

Mass customization

Environment

— World concern, e.g., global warming, ozone, reduction in bio-diversity

- Government involvement in market via green taxes

— Renewable resources in response to increase cost of total energy production

Design environment

— Distributed, working simultaneously from various location

— Increased communication with supply chain companies

- Internet backbone

— More accurate determination of customer demands (via information technology)
— OES methodologies

1.1.7 A Discussion of the Driversfor the World of 2020

Despite the advances in computing and computer supported engineersngitpuoficant

gaps still exist in product and process modeling. Engineers &avieeir disposal
numerous tools to aid, and even sometimes complete complicated sralysiany
different types. In as much the ability of the computer to “crumaihbers has been
harnessed wonderfully to support engineering analysis. However, atrengery few
applications, that successfully provide a framework for intaggaéind capturing both
product and process knowledge and information generated throughout the design process.

As the product realization process becomes increasingly disttjibeeneed to fill these

gaps and develop methodologies, tools, and techniques will ultimatelytdehigher
quality systems produced in shorter times while incurring lesssts. The current
generation of computer support frameworks and tools cannot adequately support
distributed product realization. If product realization continues tonbedacreasingly
distributed, as it is expected, and computer support frameworkstdeveloped these
gaps will only grow larger.

In the past, the realization of technical products was complgte@dgners or teams of
designers at a single company. This enabled the sharing ohatfon and collaboration
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on the synthesis of ideas and the analysis results relativ@ly eden compared to the
current product development practices.

However, the design of complex technical systems is incrégdiegoming a set of
collaborative tasks among designers or teams of designers atbatphysically,

geographically, and temporally distributed. The complexity of modeydugts means
that a single designer or design team cannot manage the commdtct development
effort.

While the advantages of a distributed, collaborative product developrasdss lie in
the fact that companies can leverage from a variety of diffeesources, can capture a
wider market share during product development, and reduce cost ant tinaeket by
leveraging the expertise of other design firms or companies.exanple, companies,
therefore, do not need to employ experts in all domains of the prdkdegtcan simply
outsource specific tasks or activities.

The disadvantages of a distributed, collaborative product development praused the
burden of sharing and exchanging product information, knowledge, and seperti
Engineers and designers must exchange this information atisisbuted networks
because of the presence of geographically and temporally distributed dasign te

The current trend in product development is pushing the envelope of available technology
for information management. Neither a design process model nor a praddet
currently exist that captures all aspects of the product develdpprocess so as to
support the seamless sharing of information. The lack of an iredgpboduct and
process information model for product realization is a major itignitechnology in
distributive product realization.

The current state of support technologies such as email systamsmachines,
teleconferencing, web-based product data management (PDdHns; central file
servers and repositories, and concurrent engineering frameworiare a few have
allowed engineers and designers to collaborate in distributieglupt realization
processes to a limited degree. However, these current teclesotagiture only a small
percentage of the information associated with realization bhieal products. In order
to decrease many of the gaps and inefficiencies in the prodaiizateon process
additional support tools and methodologies must be developed.

Based on the above discussions and shifts towards a digital infomnrath product
realization environment, the key drivers for technical productzassn in the world of
2020 are identified as the following:

1. Companies will develop products in a distributed and multi-discipliresagnt
to meet the rising demands of consumers: for high quality, reduceddumnaa
time, and decreased cost.

2. Companies will reduce overall cost through the use of “digital desig

environments” to more efficiently and effectively share producrmétion
and knowledge throughout the entire product realization.
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3. The Human-Computer Cyborg will change in focus and utilization —
computers will be utilized more efficiently and effectively the design
process. The expert systems and artificial intelligende hecome more
mature and ubiquitous in the context of engineering product realizalioa.
value of the Human-Computer Cyborg will be increased.

4. Product Realization Computer Support Frameworks will be more aesrsp
— computer frameworks will support the design process more sebmless
Technologies such as distributive product realization framework aehliqir
data management systems will support the engineer/designendet. The
current support tools and engineering tools are not integrated etmugh
transparent. For example, PDM systems require substantdl &fid time to
use. The future state of tools will not require this additionarieind will
support the product realization process.

Key Characteristics of the World of 2020 - Summarized

The following list a summary of characteristics that wilpact product realization in the
world of 2020.

Computers and Computer Support Framework

Human Computer-Cyborg will be stronger and used more frequentbhen
realization process not just for crunching numbers, but for knowledgel base
engineering design

Advancements in the use of knowledge systems to support human designer
Design will be more computer-based

Seamless integration of software tools

Additional tools to help designers to synthesize ideas

We will see a tremendous shift in computer usage from where it all readyys toda

Expert systems

Information

Digital age — information cannot just be passed by word of mouth
Information age — endless amounts of information

Information driven design

Digital information will be available

Use of standard information models

Documentation of decisions throughout the design process will be moreamipor
from less of a legal issue and more of an efficiency issue

World Wide Web will change from information rich to knowledge rich source
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Realization Teams

» Distributed — from intra and inter company

» Distributed product teams

» Distributed — tele-commuters will be a big part of the work force
* More integration of multi-disciplinary design teams

» There will be fewer experts in the workforce in a deep anelanaore integrators
of teams — knowledge will be lost

Design & Manufacturing

* Manufacturing will change to be even more flexible as thalleb& more of a
need to have customer input

* There will be a trend toward alternative manufacturing methods

» Companies will begin to realize that outsourcing all aspecthefrealization
team may actually be causing the demise

Customer Related

* Products will be more flexible for customer demands

» Customer will drive the product process (changing from just spegifthe
assembly to much more high level specification)

» Consumers will be more aware of environmental concerns — may driv&riytiu
change more

Governmental Issues

* Governments will increase the penalties for not “Life-cycle” enginger

 Governments will have more involvement with manufacturing and product
realization

» The separation of countries will still be evident — while mostitsapuld be great
to have a completely unified world, | do not know if this can be aeklidecause
of competitiveness between nations

In the following section a discussion of support technologies needegrdéatuct

realization in world of 2020 is presented. As previously mentioned thle gat forth in

this report are towards the scientific formalization of produatization through the
development of theoretical underpinnings and core methodologies. | deseot @hat
the development of support technologies alone result in the fornmatizat product

realization.  However, there is currently a significant gapwéen theoretical
underpinnings in distributed product realization and the associated suppistt To

address these gaps and work toward a formalism, my first steps tére development
and implementation of technologies to support the current stadestobuted product
realization.
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Technology Needed to Support FutureTechDME in 2020

In this section, a discussion of the needed technologies to supginitbuded product
realization is put forth. The drives in this technology, as previdughlighted, are the
following:

1. Companies will develop products in a distributed and multi-disciplireagntto meet
the rising demands of consumers: for high quality, reduced turnarommeq and
decreased cost.

2. Companies will reduce overall cost through the use of “digitsigdeenvironments”
to more efficiently and effectively share product information datbwledge
throughout the entire product realization.

3. The Human-Computer Cyborg will change in focus and utilization -poten will be
harnessed more efficiently to be used in the design process. Tie afsaxpert
systems and artificial intelligence will become more matamd ubiquitous in the
product realization process — humans will never be replaced, but the oathe
Human-Computer Cyborg will be increased.

In direct response to these drivers, technology needed to support distrimoduct
realization is the development of a distributed product realizdtemework based on
standard product and process models. The framework must support ya ofafemal
engineering tools and support the flexible and open nature of engmgmoduct
realization.

There are several formalized design process models, such aBaliheand Beitz
systematic design method [4], that are adequate for realieoitnical product in the
world of 2020 — but the supporting technology base to support engineessltieae to
formal product models is not adequately developed. Techniques suchisierbBased
Design (DBD) put forth by Mistree and colleagues [5,6] offer &mithl methods for
modeling the product realization process. However, computer basedvivedeeand
implementation are still lacking to support information rich dsited product
realization.

In order to support the information-rich nature of distributed produdizatian
computer-based support frameworks must be developed. The framewdrkuppsrt

the product and process models in an open and flexible nature. Tlmati@alof
technical products is a flexible activity that cannot be universally ploescfor all design
domains. However, a certain level of prescription is valuable in the desigsgrodbat

it captures and reuses experience based knowledge. To support knowleglde bas
engineering design a flexible design process model should be implemented quuéecom
platform. The design process model should be strongly associatedhwitproduct
information model, as one does not exist without the other.

In a review of several distributed product realization framewadhlesX-DPR framework,
developed by Panchal and colleagues [7] provides a step in theditrghtion for
developing a collaborative, integrated product realization framewohie X-DPR
Framework is a computer system that allows designers toreaphd complete meta-
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design of distributed product realization processes in accordande thét DSP
philosophy. The system is designed such that a designer cgnneadél his/her design
process using visual tools.

However, there are several shortcomings in the framework faribdiged product
realization. Below, | present several enhancements to theRX{E#Phework that must
be addressed to more fully support distributed product realizationdayeaeloping a
the next generation DPR framework.

Extreme flexibility of the X-DPR frameworks The first area of note is the extreme
flexibility in designing design processes in X-DPR framewo This flexibility can be
looked at as positive because the system is flexible and openwideadomain of
application. On the other hand the flexibility can be consideredinege little expert
direction is provided when completing tasks.

The X-DPR framework more readily supports a descriptive desigressocThe overall
design of the design process is dependent on the designer that is ibdspgonghat

portion of the process. For example, the established tasks andh&gsbaaformation

flow are dependent solely on the experience of the design asdlgestive. Problems
will arise when working in groups to establish the design procBsi$erent engineers
will establish different information flow and the overall procesfi not be easily

integrated.

| propose establishing families of design tasks and associatd$anh services. These
families, much like a database can be expanded, as new sereaesade available. |
propose this is possible because there are a finite number ofttasksigineers perform
for their given domain. For this same reason, formal tools andcesrare established
based on what tasks are commonly completed.

Standardized Information Flow Interface$he second enhancement augmentation to X-
DPR is the formalization of task interfaces. Currently, terfaces associated with all
tasks are information flow in and out of the particular task. &gbdishing standard
interfaces, it will be easier to achieve modularity of engineering tasks.

The information flows between activities must be standardizedsksTean be created
with an information flow for which an agent does not exist — thereforagent must be
created or the task must be changed. Incompatibility in task coompbnd sequence
may be addressed through establishing standardized information ports.

To address several of these problems and enhance the meta-desiss pstandard
interfaces must be established through the formalization and idatidih of information
content and information format (file or protocol type).

While standardization of interfaces restricts designers fmaréicular task they also
enhance the level of knowledge in the meta-design process. | proposH mieating
tasks with known and established information interfaces. By developing a
standardization of information flow in meta-design | will be g stkvse to measuring
design freedom and design knowledge in a quantitative manner.

In the current X-DPR framework, tasks and the associated infiormitows are created
are based on the designer’'s experience — a descriptive apprdacbur view, the
descriptive approach is solution focused and does not adequately caypwiedge in a
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formal and reusable manner. | propose to explore the following augtos to the X-
DPR framework

Catalog of Available tools The idea of developing a catalog of available tools both hard
and soft tools is an excellent idea. First, just as in arky tasls may be needed to
perform or complete the task to the desired quality. In evgrlyiga we ensure that we
have the proper tools before embarking on a task. For instancendtdattempt to
change my oil in my automobile before | know that | have the prepenches, oil-
collection pan, and replacement oil.

In the product realization process, this idea is complicated because of the plkzed tin
the meta-design stage an engineer may decide that aufzartask must be completed.
However, if the support tool is not available then when that taskcasuatered in the
realization process it can not be performed.

As | previously mentioned this is true for software tools and supornefvorks, as well
as machine tools. Suppose an engineer develops a process plan tecimanafproduct
for a tool or technology that is not available. Again when thatigcis encountered,
there will be a large delay and may be the demise of the compéany important to
associate, characterize, and classify the “local” tools amibte agents that are available
to a company.

Closure

The overarching goal in this report is to present a vision of theefudf engineering
design and move towards a scientific formalization of productzegain. In achieving
this goal, | have first developed a strategic vision of where €liaahDME should be
positioned and the partnerships that must be forged. FutureTechDME shakgd m
significant contributions in both time and money with academic relsdabs to shape
the next generation of distributed product realization. FutureTechBMitld form
long-term vested relationships with academic labs through ctosenunication, sharing
case studies and first hand experiences, and cutting edge support atabls
methodologies. These relationships will push FutureTechDME to thérdiatreof
distributed product realization not only as a producer of quality ptedbat also as a
thought leader. Additionally, a vision of the future of the world of 2@28résented. A
critical review of paradigm shifts in the past is comgalletand a vision of product
realization over the next 20 years is proposed. Finally, a visioheotechnologies
needed to support distributed product realization in the next 20 ygausfisrth. | have
proposed several In order for FutureTechDME to remain competitideaathought
leader in product realization over the next 20 years.

It is my strong belief if FutureTechDME forges the above noeeti relationships with
universities, invests in cutting edge research, and positions #tdtie forefront of
knowledge that it will be successful over the next 20 years. wilimg and excited to
stay with FutureTechDME over the long haul and invest my effortiarelin helping to
negotiate and navigate FutureTechDME to the forefront of pragadization over the
next 20 years of this century.
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