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Abstract
The electronic components business within the Nuclear Weapons Complex spans organizational
and Department of Energy contractor boundaries. An assessment of the current processes
indicates a need for fundamentally changing the way electronic components are developed,

" procured, and manufactured. A model is provided based on a virtual enterprise that recognizes
distinctive competencies within the Nuclear Weapons Complex and at the vendors. The model

• incorporates changes that reduce component delivery cycle time and improve cost effectiveness
while delivering components of the appropriate quality.
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Executive Summary,,

The Enterprise IntegrationTeamwas commissionedby directorsfrom SandiaNational
° Laboratoriesand AlliedSignal/KansasCityPlant to develop a virtual enterprisemodel for the

electronic components business in the NuclearWeapons Complex. This modelwas developed
with a primaryfocus on the electronicscomponents business;however, most of the infrastructure

" and many of the concepts are directlyapplicableto any portionof the NuclearWeapons Complex
business. By re-designingthe electroniccomponent businessthe team identifiedefficienciesthat
will reduce the product realizationcycle timeto approximatelyone half the currentcycle time
with commensuratesavings projected in cost.

It is criticalfor the Nuclear Weapons Complex to adoptand implementthese enterprise
characteristics. If they are not adopted, it willbe impossibleto support customer requirementsfor
fasterproduct realizationcycles and reducedcosts. Future customerrequirementswill have
smallerproductionquantities andwill expect fewerdevelopmentcycles and lower costs. These
benefits can only be achieved by partneringin a virtualenterprisearrangement.

The model proposed suggests significantchanges in business practices and organizational
structureswithin the Nuclear Weapons Complex. The teamdeveloped the following
recommendationsto realize the modelproposed in this report:
• Form a VirtualEnterpriseProcessManagementTeamcomprised of technical, business, and

legal participantsfromDOE, AS/KCP, and SNL.
• Develop an implementationroad map
• Benchmark against othervirtual enterprisecorporations
• Integratewith existing re-engineeringactivities
• Begin implementationin key areas such as creatingbusiness and legalagreements, developing

informationinfrastructure,developingbusiness practicesto enable heavyweightproject
management, and developingpreferredsuppliers

• Develop and implementa pilot project

Five key objectiveswere derived from the mission statementand stakeholderinterviews. These
objectives are: improvingcost effectiveness,reducingcycle time, providingcomponents of
appropriate quality, minimizingthe numberof people involved, and broadeningthe electronic
component base for the enterprisepartners. All the characteristicsof the enterprisehad to
support one or more of these objectivesand allobjectiveswere supported bythe resultantmodel.

Whilethere are local areas of strengthsin the presentbusiness structure,the overallanalysis
suggested that a major paradigmshiftin the organizational,business, and engineering practices
needs to occur to achieve the desiredobjectivesof the electroniccomponents business. The
intent of the as-is analysiswas to uncover strengths and weaknesses to determinewhich existing

• practicesneed to be nurturedandwhere improvementscould be made. The analysis included
developmentof work and informationflow diagramsfor representativeelectroniccomponent

• lines.The work flow diagramsshow thatthere aremany steps consideredto be non-value added
activitiessuchas walking purchaseordersthrough, negotiatingICOs, TMS of suppliersand
transferringdesign drawingsinto manufacturing drawings. These non-value addedactivities
significantlyimpactcycle times, productcost, and the frustrationlevel of the people involved.
Informationflow diagramsshow that thereis redundantdata entryfrom one system to another



and a general lack of system integration. In addition,the organizationstructures andcurrent
technology systemswere examined. It was determinedthat the current organization structure
hinders effectivecross-organizationalteaming. The limitedsynergybetween organizationstends
to result in narrowedapproaches taken in developing solutions. The technology systems

" assessmentindicatedthatour presentsystemsare not integratedand primarilyfocus on point
solutionsto identifiedproblemareas.

' Key areas havingthe highestimpacton the objectiveswere identifiedas: information
technologies, supplierpartnerships,procurementsystem, integrateddefinitionconfiguration
managementsystem, and approvalcycle times.

Enterprisecharacteristicsdeveloped forwork, informationflow, technology and organization
areas were the basis for the model. Keycharacteristicsof the proposedvirtual enterpriseinclude
thefollowing:
• Enterpriselegal/businessagreementsand strategicplan
• DynamicIntegratedProductTeamsworkingwithcustomers,suppliers,designers,and

manufacturersin a concurrentengineeringenvironmentto captureevolving component
definitionsin productrealizationscripts. Teamsare led by customer-focusedheavyweight
projectmanagers.

• Use ofpre-quali_ed suppliersand subscriptionto a suppliermanagementsystem
• Manufacturabledesignsbased on capableprocesses
• Integratedinformationtechnology systemsproviding:

- excellentcommunicationsvia email,file exchange andinteractivevideo
- guidanceto resources,experts,process history,designhistory, anddesign guides

throughan expertknowledgebasedsystem
- desktop accountingand commoncost identifiersfor the enterprise
- instantaneousinitiationof procurementactivity andfundstransfer

By applyingthe model to specificbusinesscases, theteam demonstratedthatcycle time
reductionsup to 60 percentwith correspondingreductionsin developmentcosts could be realized
by the enterprise.Otherkey customerbenefitsincludethe deliveryof appropriatequality
components,the enterprisestayingaheadof customerneeds, the expansionof technology
transfer,a unificationof the nation's two industrialbases (defenseand general commerce),and
thecontractors'abilityto focus on strengths.

Fundamentalbarriersto creationof theEnterprise arethe currentorganizationalstructureand the
traditionalbusinesspracticeswithin theNuclear WeaponsComplex. Each site has specific
missions,andfunds are allocatedfromDOE accordingto those missions. Fundingmechanisms
aredefinedby projectratherthantechnologycapability. In addition,the Enterprisecan only
thrive withcross-functionalproductteams. Personnelandbusiness practicesenabling

, heavyweightprojectmanagementare necessaryfor this environment. Finally,government
procurementregulations impedecreation of the necessaryworking relationshipswith industry for
supplyingcomponents and/orthe materials neededfor manufacturing.



1. Scope
I

1.1 Objective
e

The purpose of this project was to develop a model that fundamentally changes the way electronic
componentsaredeveloped, procuredand manufactured.Thesechangeswill reducecomponent

" deliverycycle time,providecomponentsof appropriatequality,and improvethe cost effectiveness
of the electroniccomponent business.

1.2 Background

In orderto providethe highestvalue to the Departmentof Energy(DOE) Defense Programs
customersas well as the non-traditionalcustomers,Ray Bait and Jim Searcy,Directors of
Sandia's Elearonics Components and ManufacturingTechnologies Centersrespectively,and
Dennis Cunanings, Directorof Engineeringand InformationServices at AlliedSignal's Kansas
City Plant, made a commitmentto examineways to enhance the electroniccomponents business.
As a result, they chartereda team in November 1993 entitled"EnterpriseIntegration" consisting
of SandiaNational Laboratories/NewMexico (SNI#NM), SandiaNational
Laboratories/California(SNIJCA), and AlliedSignal/KansasCityPlant (AS/KCP) personnel to
createa seamlessbusiness modelwhich allows SNL and AS/KCP, together with key vendors, to
operate as a virtual enterpriseofferingmaximumbenefit to the electroniccomponent customers.
The teamdefinesa virtualenterpriseas:

An enterprisecomprisedof multiplecompaniesthatwork in cooperationso that
they appearas a single entityto theircustomers. This includescreationof anagile
environmentwhereappropriateinterfaceswithsuppliersare in place in anticipation
of the customers'broadapplicationsandneeds.

Electroniccomponentsconsideredin the modelincludedevices suchas resistors,capacitors,
applicationspecificintegratedcircuits(ASICs), cables, hybridmicrocircuitsandprintedwiring
boards.

The electroniccomponentsbusinesswithintheNuclearWeaponsComplex (NWC) is very
diverse. Earlyon, the team discoveredthata uniquedevelopmentprocess is used for virtually
everydevice family. Because it was neitherpossiblenoruseful to investigateeach component's
developmentprocess,the teamdividedelectroniccomponentsintofour lines of business. This
reportprovidesgenetic models for each of these businesslines andincludesall processes
beginningwith establishingcustomerneedsandendingwith deliveryof productiondevices. The
four linesofbusiness aredefinedas:

-- NWC Designed, NWC Manufactured where SNL is the designagency andAS/KCP is the
productionagency. Examplesincludecablesandhybridmicrocircuitnetworks.

it

-- NWC Designed, Industry Manufactured, AS/KCP Procured where SNL is the design
agency,the componentis manufacturedbyindustry,andAS/KCP is responsiblefor
procurementof productiondevices. Examplesincludesome integratedcircuitsand specially
designedcapacitors.

-- NWC Designed, Industry Manufactured, Manufacturing Development Engineering
(MDE) Procured where SNL is the designagency,the componentis manufacturedby



industryand SNL procuresthe partthrough the MDE program. Examplesinclude
ApplicationSpecific Integrated Circuits(ASIC) and SurfaceAcoustic Wave (SAW) devices.

- NWC Specified, Commercially Available where SNL specifies a commerciallyavailable
, componentand AS/KCP procuresthe devices for production. Examplesincludestandard

capacitors,inductors, and logic families.

. Note: These four linesof business arereducedto three in the "to-be" virtual enterprise
environment. This is because the enterpriseprocurement process does not differentiatebetween
whetherSNL or AS/KCP does the procurement.

1.3 Mission Statement

The teamcomposed andfollowed the missionstatementbelow:

The EnterpriseIntegration Team shallpropose a model for how to panner in the
selection, evaluation, development,procurement,andmanufactureof electronic
components. The model will be based on a virtual enterprisethat recognizes
distinctivecompetencies. The enterprisewill be seamless and of maximumbenefit
to the customer. This modelwill definethe elementsand theirfunctional
relationshipsrequiredto successfullyimplementa virtualenterprise.

The team will identifybusiness practices, communicationmethods, and processes
that are requiredby the virtualenterprise. In addition,barriersto implementation
and payoffs fromadoptionwill be identified.

1.4 Overview of Cross.Organizational STEP Adoption Tool (COSAT)
Process

Two consultants, MitchellFleischerandMichaelWood fromthe IndustrialTechnology Instit,_,t,,
(ITI), trained and facilitatedthe EIT in the methodologyfor the virtual enterprise analysisand
design. The process used is called the COSAT Process.1 COSAT is a computer software tool
designedto assist a company in makingbusiness changes that gain the maximumbenefit from
technologies and human resources.

In addition,Fleischer and Wood providedinformationaboutbest practices in concurrent
engineering basedon various studies and cases from many companies. These best practices
includethe followingbasic elements:
• Strong interface with the customer
• Top down systemsengineeringdesign approach
• Multi-functional and multi-disciplinaryteams, and continuity of teams

. • Engineeringoptimization of productandprocess characteristics
• Design benchmarkingand soft prototyping
• Simulationof productand downstreamprocess

o

• Experiments to confirm/changehigh riskpredictions
• Earlyinvolvementof subcontractorsand suppliersand corporate focus on continuous

improvementand lessons learned.



The COSAT Process
I
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Figure 1: Overview of the COSAT Process

The business organizationdesign processwithinCOSATis somewhat traditional;however, the
planningprovidesa frameworkfor designingorganizationsand systemswhich meet concurrent
engineeringobjectives. There arefourmajorphasesof the COSATProcess: projectscope,
assess as-is, design to-be, and implementationas shownin Figure1. Throughoutthe process,
the relationshipbetween work, informationflow, technology,and organizationareevaluatedand
consideredin the design.

Summary of Stakeholder Interviews

As a part of the baseline assessmentprocess, stakeholderinterviewswereconducted.The
stakeholdersindicatedthat businesschanges areneededto foster the following characteristics:
• Teaming

-Cooperation versus competition
. - Jointstrategic planning

- Practiceconcurrentengineering
• Business Practices

- Use only value added processes
- Get paperoutof procurementprocess



- Weaponscomplexneedsto operatelike a privatebusiness
• Flexibility

- Adaptto changerapidly
- Do not force one processfor all situations

• Communication
- More opennessand trust

• - Minimizelocationbarrierbyusing electroniccommunicationsystem

1.6 Design Principles and Enterprise Objectives
The first step in assessing the current environment and in preparingfor designof a new
environmentis to establisha commonset of principlesto guide the process.Principles are the
essentialbeliefswe hold about the way things ought to be and on which we base our actions._
The following designprinciples, the project team believesto be the key ingredientsto a successful
enterprise, wereestablished.

1. The voice of the customer is the focus throughout the process.
2. Points of contact are establishedthat facilitate satisfyingthe customer.
3. There is distributedgeneralknowledge on theprocess of adding value to the customer.
4. Product-focusedleaders areappointed for all importantdevelopmentprojects.
5. Single points of primaryresponsibilityand authority are requiredfor ¢,achmajor task.
6. Decision makingoccurs at the lowest level and is traceable.
7. All _akeholders affected by a decision is representedby the decision.
8. Appropriate coordinatingmechanismsto manage interfacesare developed.
9. Process driven, concurrentlegal and business practices arein place.
10.Design historyis capturedand used.

Being guided by the missionstatement,and following these design principles, the team derived the
followingfive majorobjectives forthe enterprise:

1. Improvecost effectiveness of the electroniccomponentbusiness
2. Reduce component deliverycycle (concept to delivery)
3. Provide components of appropriatequality (meets customer's electrical, mechanical, and

environmentalrequirements)
4. Involve a minimumnumberof people

• enable maximumtwo-stop contact to identificationof project leader
• use dynamicintegratedproduct teams

5. Broaden the electroniccomponent customerbase

Each of these objectives is addressedin moredetailthroughout the report.

2. Assess As-ls
III I

4J

2.1 Overview-Top View Diagramand Description
Currently,the responsibilitiesfor selection, evaluation, development, procurement and
manufactureof electroniccomponents for the NWC is dividedbetween the design agency
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(Sandia National Labs), the production agency (AlliedSignal/KCP), and selected vendors.
Figure 2 shows a top level view for the as-is environment. While the missions of the companies
overlap considerably, each company creates its own strategic plan and independently manages
its roles in the component business.

e

Traditionally, Sandia's role is as the design agency. The electronic component customers are
internal Sandia sub-system design departments or external customers interfacing with Sandia
component engineers. Development of components is completed through various Sandia and
AlliedSignal organizations. Each organization at Sandia is managed independently of the others
and of similar counterparts at AlliedSignal. The purchasing, accounting and legal systems are
designed to meet Sandia's needs, the requirements of our Managing and Operating contractor
(Martin Marietta Corporation), and DOE.

Similarly, AlliedSignal/KCP's role is as the production agency. As next assembly engineers
select components, the requirements are given to AlliedSignal for production support.
AUiedSignal has various organizations dedicated to the production or procurement of these
components. The Kansas City Plant's purchasing, accounting and legal systems are designed to
meet their objectives in congruence with the parent company (AlliedSignal), and DOE.

Suppliers "As-Is" Top View -- suppliers

-_ Sandia N'U°n_ii_ p,anning/ / Sinlt__i_Kansas Ci__ _ J
_ ,,,_.._ _gicPlanning_ _ 1,_nln_ _._
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Figure 2: As-Is Top Level View
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In this environment,work tends to be done serially andsignificantresourcesarededicatedto
technology systems that support each company independently. A great deal of time is spent
transferringinformationbetween non-compatible systems.Frequentlythe customeris the common
partyinsuringthat the finalproduct meets requirements.

In addition,activitiesat sites overlap due to differentbusiness practices. Supplierswho work
with Sandia in earlydevelopmentefforts and then with AlliedSignalfor production activitiesmust

' completelyre-negotiate thetermsand conditions of contractsas the responsibilityfor the product
transitionsfrom one company to the other.

2.2 As-ls Work and Information Flows

To better understand the relationshipsbetween how AS/KCPand SNL work with each other and
with theirvendors, high level work and informationflow diagrams were constructedto model the
four lines ofbusiness. These genetic models represent the majority of work that we do. The flows
were generated fromthe perspective of the ProjectLeader,andwere primarilybased on the
experiences of the team members. Work flow describeshow tasks move through Sandia and
AlliedSignaland to the vendorsfor itemsthat are purchasedfrom outside the NWC. The
info:mationflows modelthe movementof information,usually by paper, in the currentqystem.
The team generallyfelt that the biggest gains to be realizedare in the area of information flo'_,.
The intentof the modelingis to uncover strengthsand weaknesses to help the team determine
where improvementscan be made and what we would recommendkeeping from the current
processes. The modeling technique used is a modifiedversionof the method presented in the
COSAT software._ The as-is work and informationflow diagrams for SNL and AS/KCP are
given in Appendix A along with a detailed descriptionof the modelingtechnique used.

2.2.1 NWC Designed, NWC Manufactured
The as-is informationflow for the NWC designed andmanufacturedcase for SNL andAS/KCP is
characterizedby little informationflow between the sites, but significantinformation being
generatedat each site. Each site creates informationboth in paperand electronic form for their
particulardesign and manufacturing responsibilities. The informationis shared on an as needed
basis, typicallyin paper form. Recently the sharingof electronicdata has increased, especially in
the form of drawings, designfiles, qualityvariables,andattributes data. A good example of
electronic informationsharingis the electronictransferof Intergraphdesign files used for
electrical definitionsof productssuch as printed wiring boards.

Each site has created a unique set ofbusiness practices and information systems both paper and
electronic to support theirbusiness needs. In most cases thereis some integrationof systems
within sites, butvery little integrationbetween the two sites. There is a heavy use of paper forms
and multipleapproval levels are requiredto conduct business. Cycle times for the entiredesign

a

andmanufacturingprocess are typically6 monthsor longer, with some electronicproduct
requiring as long as 2 years tbr design and manufacturing. The long cycle times are the resultof

• manywork andinformation process steps, the involvementof many people, a large number of
governmentand DOE rules_mdregulations,the largeuse of paper and little integrationof existing
systems. Many of these steps werefound to be non-valued added.
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The work and information flow diagrams for the NWC designed and manufactured components
are shown in Figures A. I-A.3. Figure A. 1 is the work flow diagram for SNL and AS/KCP.
Figure A.2 shows the information flow for SNL and Figure A.3 shows the information flow at
AlliedSignal. Typical information that flows from SNL to AS/KCP includes design and weapons

" related information. Information that flows from AS/KCP to SNL includes customer order status,
quality data, and production information.

' 2.2.2 NWC Designed, Industry Manufactured, ASIKCP Procured
The product realization process is primarilyserial both in information and work flow with little
connection between the design and manufacturing processes. After initial contact with the
customer, requirements are negotiated. If the customer is from outside the weapons business,
issues revolving around contracts and intellectual property must be resolved. This typically
involves looping of information from the customer to the Project Manager, a Program Office,
legal, purchasing, and DOE until the issues are resolved. This step is generally made more
frustrating for both the customer and the engineer negotiating the requirements because of the
cost accumulation structures that are used at SNL and AS/KCP.

Starting the design requires the negotiation for resources with other Sandia organizations. This is
a cumbersome process often requiting help from relevant Center Administrative Assistants and
the Program Management Offices. If capital equipment is required for the project, the manager
needs to enter the capital equipment procurement process which often delays projects
substantially.

The design process is heavily influenced by the designers' previous experiences in designing pans,
usually this experience is within the NWC. This is seen both as a strength and a weakness of the
current process. The design community in the NWC is seen as placing a high value on
performance arid reliability. Issues such as manufacturability and schedule sometimes suffer in
comparison. The design process usually involves several iterative negotiations with purchasing:
buying the required design tools and models, consulting services to include the vendor in the
product realization process, a purchase order to procure prototype quantities of parts for
evaluation, and incidental purchases. Since the purchasing organizations cannot maintain
expertise in all areas of technology, purchasing agents sometimes require the assistance of the
engineers involved to identify potential suppliers, write specifications, and evaluate bids. The
design also has to be evaluated for reliability, materials compatibility and approval has to be
secured for the use of any hazardous materials that the designers has specified. All of these
processes are serial and require multiple layers of management approvals. Throughout the design
process the Project Leader is requiredto track costs through a system that is difficult to enter and
post costs in a manner that is hard to understand.

If the pans perform according to the design intent, the design is transferred to AS/KCP. The
AS/KCP product engineer's first step is to have the part drawings redone to meet their

" requirements. The AS/KCP Product engineer is also required to establish a vendor according to
AS/KCP rules. The result is that sometimes the Sandia vendor is not selected to continue on this

• project. This then requires that the vendor be brought up to speed on the project. Because the
DOE rules are so restrictive, vendors frequently make special runs or establish separate lines to
deliver products to the DOE. The result is higher cost and in some instances lower quality. As
designs move away from the designers, the path required for approval of changes gets
increasingly more cumbersome.
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FiguresA.4-A.6 show the work and informationflow diagramsfor theNWC designed, industry
manufactured,AS/KCP procuredbusiness. FigureA.4 shows the work flow, Figure A.5 is the
information flow diagram for Sandia, and FigureA.6 shows the informationflow at AlliedSignal.

• 2.2.3 NWC Designed, Industry Manufactured, MDE Procured
Since the design processis essentiallythe same for all the NWC designedcomponents, the same
problemsdescribedin the previoussection are encounteredwith setting up the initial project,

' procurement,cost tracking,etc. Differencesin how complete the design needs to be before it
leaves Sandia and the level of detail in the productacceptance are the most notablechanges.
Because AS/KCP is not in the loop, the Sandia designs for MDE have to specify the design more
completely.This includesa moremanufacturabledesign and a complete set of instructionson how
the parts willbe accepted. Since this is frequentlynot in the Sandia designers' usual experience it
is anticipatedthat the chance of firsttimesuccess willbe lower, requitingmore iterations to reach
a productthat meets the design intent. Some economy is realizedfromthe fact that when the
parts are qualifiedin the initialdevelopmentprocess the same vendor is used for the production
hardware, obviatingthe need to re-qualifythe parts. In the MDE process, parts are generally
accepted at the vendor and shipped directlyto the user, usually AS/KCP's next assembly. The
process of vendor qualificationto produceMarkqualityparts remainsthe same regardlessof
whether the parts are procuredbypersonnel from Sandia or AS/KCP.

Where possible,MDE procurementtakes advantage of the stabilitythat is providedby the
manufacturer'scapability studies and the significantvolume run through the production line. This
is Post prevalent in the production of integratedcircuitswhere propagation delays, etc. are
incorporatedinto computeraided simulationsduring the design phase. This is usuallynot possible
for production of special capacitorsand magneticswherethe NWC transfersthe process to the
commercialvendor.

The absence of process capability data puts the designs at greater risk sincethe assumption is that
the qualificationlot representsthe variationof the production process. AtAS/KCP, information
is transmittedthat gives the status of requirementsthat determinethe numberof units to be built.
This requiresan infrastructurebe maintainedat both Sandia and AS/KCP to support these parts.

FiguresA.7-A.9 show the work andinformation flow diagramsfor the NWC designed, industry
manufactured,MDE procuredbusiness. Figure A.7 shows the work flow, Figure A.8 is the
informationflow diagram for Sandia, and Figure A.9 shows the informationflow at AUiedSignal.

2.2.4 NWC Specified, Commercially Available, ASIKCP Procured
NWC specified,commerciallyavailablecomponents constitute the majorityof the electronic
devices that are developed and procuredfor War Reserve (WR). Typically,electrical
specifications for these devices attemptto reflectthe chL acteristicsof a commercial-equivalent

, device and are based on sampled performance. It is assumedthat these samples reflectthe
supplier's manufacturingcapability. Componentsin this category include:

capacitors (ceramicand tantalum)
" inductors

resistors

packaged and chip discrete semiconductors
logic families

14
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However, these devices arenot trulycommercialdue to WRrequirements.WR componentstend
to divergefrom commercialcomponentsdue to theirreliability,environmentalandtraceability
requirements.In addition,governmentprocurementregulationsandDOE qualitystandardsplace
furtherrequirementson suppliers.

Severaldisadvantagesresult from these additionalrequirements:
• Increasedcomponentcost anddeliverytime.

It

• Increaseddevelopmentcost and time.
• Deviation from standard, high-volumeprocessesbecause suppliersmaybe requiredto make

specialmanufacturingrunsor to operateon separate lines. This potentiallyresultsin:
* Lower qualitydevices dueto additionalor non-standard processingthat maynot be well

understoodbythe manufacturingpersonnel.
* Loss of high-volumestatisticalprocess and performanceinformation.

As shownin Table 1, the WR componentcost is approximatelythree times higherthanthe cost of
anequivalenthigh reliabilitydevice and is an orderof magnitudehigherthan a commercial-
equivalentdevice. Presently,there is no measureof the improvementin componentqualityas a
result of additionalrequirements.Thus,it is not possibleto determineif these requirementsjustify
the highercost. Because ofthe NWC's low productionvolumes, developmentactivities are also
a majorcontributorto ultimateproductcost. WendelArcher(SNL, Dept. 2251) recently
assessed the developmentcost and timefor MDE magneticcomponents. The developmentcosts
for these deviceswere approximately$125k - $175k, anddevelopmentactivitiesrequired12-18
monthsto complete.

Analysisof the work and informationflow diagramsrevealsa distinctdivisionof responsibilities
between SNL andAS/KCP. These diagramsalso show that information is sharedbetween SNL
componentengineers,AS/KCP componentengineersand suppliers. The customershares
informationwith the componentengineerat his/hersite. However, the customerdoes not
communicatewith the supplier.

47 uF tantalumcapacitor SA1998-6 313937-00 $6.00 $12.00
0.01 uF ceramicchip cap SA3628-6 444267-106 $1.50 $8.00
39 pF ceramicchip cap SA3484-36 444194-136 $2.00 $6.00
0.1 uH chip inductor SA3206-13 319426-01 $10.00 $17.00
MOSFET SA3483-1 $110 (TXV) $243

$8.09 commercial

- Chip transistor(2C2907AHV) 379550-00 $0.20 $0.66
Quadop amp SA2585-2 412566-00 $0.61 commercial $5.28

Mil Cls B
m

* Commercialcost assumespurchasequantitiesof 1000 each.

Table 1: Cost Comparisonof High ReliabilityandWRComponents
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Theprocess of turningcustomerneeds into supplierrequirementsexemplifieshow thework flow
characteristicsaffect componentdevelopment.The designagencyfocuses on verifyingthat
componentsmeet the customer'sneeds(as communicatedverballyand in Compatibility
Drawings,CDs). Compatibilitywith the customer'sneeds is generallyverifiedusing commercial

• devices. TheProductionAgency emphasizescomponentcomplianceto a Product Specification
(PS) that is primarilybased on suppliercapabilityas well as complianceto DOE ordersand

, governmentregulations. Compatibilityto the ProductSpecificationis verifiedduringWR
componentqualification.Because the acceptancecriteriafor a device is differentin development
thanit is in production,thereis a the riskthatthe customer's designmay be incompatiblewiththe
WRcomponentor thata suppliermaybe unableto meetWRcomponentrequirementseven
thoughthe componentmaymeet the customer'sneeds.

The componentengineersat the design and productionagencieswork concurrentlybut key
activitiesoccurseriallysuch as establishingcustomerneeds, componentcharacterizationand
componentqualification.Also, when a componenttransitionsfromsupportinga customer's
developmentactivities to supportingproduction,therearemajorshiftsin responsiblepersonnel,
customer focus, componentcharacteristicsand supplierrequirements(shown in Table2). These
shifts potentiallyresultin increaseddevelopmentcost, increaseddevelopmenttime, information
loss, degradedcustomerrelationsand degradedsupplierrelations.

Component SNL comp. engr. AS/KCPcomp. engr. inefficientwork flow
Responsibility
Customer's Contact SNL comp. engr. AS/KCPcomp. engr. I. loss of customer

needs info 2. additional
customereffort

Customer reflectedin CD & in PS is the only specificationsdo not
Requirements verbalcommits requirement alwaysreflect

customer'sneeds

Component verifiedwith commercial verifiedbyPS, customerrequirements
Compatibility devicesusing customer seldomreceives not matchedto product

feedback customerfeedback capability
Supplier providesmil-specor providesWR devices customercompatibility

commercialdevices verifiedonlywith
developmentdevices

Supplier initialsurveys, must pass quality 1. DOE requirements
Requirements preliminaryspecifications survey,devicesmust limit the available

meet PS suppliers2. devicemay
not meet PS 3. surveys
area snapshotin time

1

Table 2: Problems in the PresentDevelopmentProcess
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FiguresA.10, A.11, andA.6 show the work andinformationflow diagramsfor theNWC
spedfled commerciallyavailable,AS/KCPprocuredbusiness. Figure A.10 showsthe work flow,
Figure A.11 is the informationflow diagramfor Sandia,andFigureA.6 shows the information
flow at AlliedSignal.

a

2.3 As-IsOrganization
• The organizationstructureof a companyhas a directimpactonthe effectiveness of the project

teams.At the opposite extremesof the organizationalspectrumlie functionaland autonomous
organizations. In strictlyfunctionalorganizations,the functionalmanagerhas a greatdealof
power and projectsaremanagedby"lightweight"projectmanagers. Withthis structure,synergy
exists withineach functionas employeesare ableto stay currentwiththe associatedtechnologies.
Projectgoals can have a lower prioritythanthe developmentof technologies. In an autonomous
organization,projectmanagersare "heavyweight"and havethe powerto focus resourceson
projects. There is increasedcoordinationacross functionsallowingprojectgoals to havepriority.
Projectscan be more accuratelyplannedat the onset so thatcommunicationwith the customeris
not strained. However, the technologies offeredmaynotbe themost recentlyavailable. The
sTnergywithin each functionaltechnology does notexist. A conflictof roles and responsibilities
between functionalmanagersandprojectmanagersexists if the properbalanceof power is not
achieved.

2.3.1 Sandia
Sandia's Centersare primarilyorganizedin a functional structure. Examplesare:Electronic
SubsystemsCenter, Technology TransferCenter,and Centerfor ES&Hand Facilities. Forthe
most part,departmentswithin the centers are organized by product line. These departments
includeProgrammersDepartment, AdvancedData SystemsDepartment,and Battery
DevelopmentDepartment. The overallmanagementof the project lies within the department
responsiblefor entire systemunderdirectionof a lightweight project manager. Each systemis
usually dividedinto multipleproducts (subsystems)and split again for individualcomponents. At
each stage there are additionalproject managers. Most often, funds for each project come in at
the system level. The projectand functional managers give funds to the subsystem groups who, in
turn, allocate funds for associatedcomponent organizations. Whilethe project managersat all
levels are responsible for coordinatingactivitiesandschedules, the authority_o allocate resources
and evaluate performance remainswith the functional line managementcausing membersof the
projectteams to retain strongties to theirfunctional departments. The functional/product
organizationstructureallows the teammembersto remainup to date on the currenttechnologies
within theirdepartment.However, when priorities change, project goals can be pre-emptedby
functional managersjeopardizing project success.

2.3.2 AIIiedSignallKansas City Plant
, The AS/KCP is primarilyorganizedin a functionalstructure at the directorlevel. Typical

functions of these organizationsincludeManufacturingOperations,Engineering and Information
, Systems, QualityandProgramManagement. Below the director level is the manageriallevel. In

most cases, the organizationsat the directorlevel arefunctionallyorganizedexcept for several
examples of product organizationat the manageriallevel, such as radars,firesctsand
microelectronics. These managerial organizationsincludethe functions of engineering,
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manufacturing,qualityand productioncontrolbasedon the needs of theirparticularproduct
assignment.

For majorweapon programsthere is a strong areaof project managementand responsibilityfrom
the ProgramManagementorganization. This organizationhas the authorityto set priorities and_a

to clear obstacles that are relatedto the particularprogram. Most of the communicationwith
Sandiafor a majorprogramoccurs through the Engineering and Program Management

" organizations.

There is a strong use of cross-functional teams that are formedand work together to solve
common problemsusing a Total QualityManagementapproach. This has helped to reduce the
influence of functional organizationsand to increasethe cooperation and teamworkbetween
organizations. Previously,the functional organization structurerequiredmore signature
approvals resulting in the involvement of morepeople.

2.4 As-ls Technology

The assessmentof technologyin an environmentis accomplishedby comparingthe capabilitiesof
known systems to importantcharacteristicsneededfor success. The teamessentiallyadoptedthe
ImportantTechnologyCharacteristicsidentifiedin the COSAT software. After identifyingthe
existinginformationtechnology systems,the team, using theirpersonal experiences, ratedeach
systemagainst these characteristics. The resultwas a matrixshowing areas where improvements
are needed in the technology systemsto facilitatethe work and information processes used in the
electroniccomponentbusiness.

2.4.1 Background
An ImportantTechnology Characteristicof an informationtechnology systemis a feature of the
systemwhich is likely to affect the work people do, the skills needed to do thatwork, how people
and groups interact, and how they are supervised._ These characteristics include ease of use,
range of information, maintainability,and flexibility.

Numerous ird'ormationsystemsat both Sandia and AlliedSignalwere identified. The systems
includedboth technical systemssuch as MechanicalComputerAidedDesign and Inspection
Instructions, and administrativesystems such as ComputerAutomated ProcurementSystemand
FinancialInformation System.

AppendixB contains three relatedtables:TableB. 1 identifiesthe characteristics, describeseach
characteristic,and defines the ratedvalue for each characteristic.TableB.2 describesthe features
of known informationtechnology systemsas well as identifiesdesiredfeatures of those systems.
TableB.3 is the ratingmatrix which shows each of the systemsrated against the characteristics.

2.4.2 Summary
, The team concludedthat the majorityof the systemsservethe purposefor whLh they were

created. They are efficientandprovideaccess to a sufficientrangeof information. However,
mostof the systemsaredifficultto maintainand areinflexible. These arecommoncharacteristics

" of systemscreated to providepointsolutions to identifiedbarriers.There is no global mechanism
for preventingduplication of efforts. However improvedcoordinationmay be possible at Sandia
with the creationof the Chief InformationOfficerand supporting organization. In addition, the
interactionof these systems is essentially non-existent. Most systemsat Sandia are managed
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independent of the others and of the similarsystem at AUiedSignal. Examples of common systems
between the companies are: the Intergraph system used for electrical definitions of products such
as printed wiring boards, email used for small file transfer and correspondence, and ProE used for
mechanical drawings.

a,

2.5 Analysis of Strengths, Weaknesses, Opportunities, and
• Constraints (SWOC)

2.5.1 Background
An analysis was completed identifying which strengths, weaknesses, opportunities and constraints
have the most impact on the project objectives. The following definitions were used for the
electronic component business:
Strengths: good practices in the existing organization that must be nurtured and protected

because of the distinct competence they give or could give to the organization.
Weaknesses: limitations in resources, skills and capabilities that seriously impede effective

performance.
Opportunities: major favorable situations in the firm'senvironment. These may also reflect what

potential changes are needed to achieve organizational goals.
Constraints: key impediments to accomplish the organization's goals. These could include

problems coming from the environment.

While analyzing the work and information flows, numerous SWOCs were identified at each site.
Strengths included skilled staff'and the ability to deliver components meeting QC-I requirements.
Accounting systems and definition configuration management systems which are not integrated
were identified as weaknesses. Opportunities included partnering with a few critical suppliers and
keeping abreast of current technologies. DOE regulations and limited resources in the area of
capital equipment and expense funds are examples of constraints. The complete list is included in
Appendix C, Table C. l, along with a description of the process used to determine:the priorities.

2.5.2 Priorities

Using the prioritization approach described in Appendix C, SWOCs having the highest impact on
the enterprise objectives were identified. A positive improvement on these elements will bring the
electronic components business closer to meeting the objectives identified in Section 1.6.
• Information Technologies - moving toward a more concurrent engineering environment,

including use of past design and technology information insures delivery of the appropriate
component for the customer's requirements. Engineering information needs to be accessible
before it will be used. Transferring funds automatically and allowing the engineers to initiate
appropriate purchases reduces costs and reduces the number of people involved in completing
projects.

, . Supplier Partnerships and Subscription to a Supplier Management System - selecting a few
pre-qualified suppliers greatly reduces the cycle time for delivering a component while
assuring up-front the component will be of the appropriate quality for the customer.

" Subscribing to a supplier management system provides access to large component databases
maintained by industry.

• Procurement System - simplifying the procurement systems and allowing approvals at the
lowest level reduces the amount of information being transferredand interpreted by different
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people. The numberof people involvedis reducedandthe overallcost effectiveness is
improved.

• IntegratedDefinitionConfigurationManagementSystem- automatingand integratingthe
systemsused for definitionconfigurationmanagementimprovescoordinationand reduces

" errorsin productdefinitions.Thisallows the appropriatecomponent to be deliveredat a
reducedschedule.

, , ApprovalCycle Times- reducingthe amountandlevel of approvalshas a directimpacton the
deliverycycle time. By havingcapableprocessesup front,inspectionsand otherrelatednon-
value addedsteps areeliminated. Again, the appropriatecomponentwill be deliveredwith
reduced cycle time.

3. Desiqn To-BeI II

3.1 Overview - Top View Diagram and Description

The proposedEnterpriseis bestcharacterizedas appearingas a single entity to the component
customer,whetherthe customeris internalor external. Customersmayinitiatebusinesswith any
partof the enterprise,andthrougha guidance system,they are quicklydirectedto the personwho
canprovidea responseto theirrequests.A top level view of the Enterpriseenvironmentis shown
in Figure 3.

In theEnterprise,businessdecisionsaremadebased on a single strategicplan createdfor the
enterprise. Workthatuses competencieswithineach companyis managedas one entity. The
physicallocationof the people, laboratoryspace, etc., maystillbe split,butthe technology is
managedas a whole. Legal agreementsare in placeatthe onset enablingthe environmentfor
SUCCESS.

There is no longera distinctionbetweendesign agencyand productionagency. Each project is
completedby a Dynamic Integrated Product Team consisting of the appropriate design and
production personnel. Designs arecompletedconcurrently eliminating the need for file transfer
between non-compatiblesystems. Productteam membersuse technology systems to access
informationsuch as design definitions,histories, process capabilities,and models from their desks.

The accounting system is integrated and easily accessibleby the project leadersfor distributionof
funds and budgettracking. Similarly,the procurementsystemsare integratedto allow Product
Team membersto easily purchase the appropriatematerials from the pre-qualifiedsuppliers.
Therefore,suppliersonly need to interface with one entity for each product as well. Partnerships
with key suppliersexist as needed to create the agile environmentused to properlyrespondto
customers' needs.

i
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Figure 3: To-Be Top LevelView

To-Be Work and Information Flows

The to-be workand inform_ttionflows are fundamentallydifferentfromtoday's way of doing
business and resultin of a paradigmshift thatemphasizesfive things:integrateduse of
informationtechnology,empowermentof employees,heavyweightprojectmanagers,cross-
organizationalteaming, andpre-qualifiedsuppliers. Using availableinformationtechnology,
the EnterpriseIntegrationTeamdesignedprocessesthat include:
• using informationto locatethe correctcontact fora customerin two steps
• creatinganexpertsystem thatretainsprocesscapabilitydata,design guidelines, previous

design andmanufacturingexperiences
• enablingdesktoppurchasing
• selecting vendorsand schedulingfabricationthroughcomparisonof pre-qualified suppliers

" and internalworkloads
• creating continuouslyupdatedaccountingsystems.

Empowermentof employeesallows decision makingand the resultantactivities to occur in a
timely mannereliminatinga numberof non-valueaddedsteps. Heavyweightproject
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managementis a termthatmeansthe projectmanagersareempoweredto access resourcesto get
theirjob done. Team members'standingintheirrespectiveorganizationsare moreinfluencedby
theirprojectmanagersthanby functionallinesupervision.Cross-organizationalteamingbuildson
the empowermentof employeesand heavyweightprojectmanagement. Overall,the objectiveis

" to get the rightpeople involvedup frontto get thejob done rightthe firsttime. All the people
thatare stakeholdersin a decision arerepresentedin the decision _rocess.

" Theuse of pre-qualifiedsuppliersand a suppliermanagementsystem is intendedto facilitate
access to a groupof vendorsthatmakeavailableprocesscharacterizationdata,queuetime,and
partavailability.Pre-qualifiedsuppliersalso teamwith the Enterpriseto forecastand make
availablethe electronicscomponentsneededbythe customersof the future.

Models for the three linesof businessin the to-be environmentare describedinthe following
sections. The to-be work and informationflows for these Enterprisemodels are shownin
AppendixD.

3.2.1 NWC Designed, NWC Manufactured

The Dynamic Integrated Product Team is the focal pointof the design andmanufacturingproduct
cycle. TheProductTeam is a cross-function_ team of SNL and AS/KCPassociates that have a
strongprojectfocus andfunction withheavyweightprojectmanagementauthorityand
responsibilities. The numberof workand informationsteps is significantlyreducedbythe
eliminationof the non-valueaddedactivities andsystems integrationbetween AS/KCPand SNL.
Integratedor seamlesssystemsincludescheduling,design,accounting,andprocurement.Thereis
a significantincreasein informationtransferbetween the teammembersdueto the seamless
systems.

The ProductTeamis responsiblefor coordinatingthe projectfrom inceptionthroughcompletion.
The projectleaderhas readyaccess to projectpersonneland is capableof quicklyforminga cross-
functionalteam of SNL and AS/KCPassociates.ProductTeam empowermentallows for quicker
decisions andsignificantreductionsinthe numberof approvalsfor purchaseauthorityand
accountingactivity. A guidancesystem is availablewhichallows the initialcontact to find and
contact the personwho canhelpthe customerand initiatethe project. In addition,the expert
systemprovidesaccess to informationincludingprocesshistoryand capability,designguidelines,
qualifiedsuppliersboth withinand outside of the NWC, and productand process experts.

The designandmanufacturingprocesses areconcurrentwithmuchof the requiredmanufacturing
informationbeingcreatedduringdesignresultingin a productrealizationscript. The product
realizationscriptincludesmost of the baselineinformationnecessaryto producethe product. As
a result, some of the designand manufacturingcycles arereplaced with simulationsandvirtual
prototyping,thus reducingcosts and cycle time. Manufacturinginformationsuch as production
simulation,processrouting,roughcut travelers,tool informationand directnumericalcontrol

" dataareoutputs of the productrealizationscript. Thisproducesa smootherand fastertransition
into manufacturingand resultsin a significantimprovementin customersatisfaction.

" Informationsystems areutilizedto a greaterextent whichreduces paperworkand reducesthe
overallcycle time. Seamlesssystemsbetween enterprisemembersallow muchgreateraccess to
informationsuch as scheduling,purchasingandaccountingfunctions. Membersof the Product
Teamwill be ableto chargetime to a commonaccount,whetherthey areAS/KCP or SNL
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associates. The ProductTeam schedulesa productin the manufacturingqueuefrom a
workstationduringthe productrealizationphase andtracksthe productthroughmanufacturing
from the sameworkstation.

, FiguresD. 1 andD.2 show the work andinformationflow diagrams,respectively,for the NWC
designedandmanufacturedbusiness.

. 3.2.2 NWC Designed, Industry Manufactured
When a customer makescontact, the personcontacted determinesif the customerhas reachedthe
bestpersonto helpthiscustomer. Fora customerfromoutsidethe NWC, the initialcontactuses
the a guidance system to directthe customerto theright person. Theguidance systemwill be on-
lineallowinginternalcustomersto access the informationrequiredto reachthe rightpersonon
the firstattempt The customeradvocate thenestablishesthe technical,administrative,and legal
frameworkto allow a projectto be initiated.The customeradvocate is also ableto negotiate the
customer requirements,acceptthejob, andinitiatethe cost accountingfor the project.

A DynamicIntegratedProductTeamis establishedthatwilldesign and buildthe component. The
supplieris selected from among the preferredsuppliers.Thenecessarytools, models, etc are
purchasedelectronicallyfrom the desktops of the team me_bers. ,_vailabledesign tools include:
an expert knowledgesystem, on-line enterpriseschedulingandaccountingsystems, prefer'red
suppliers,supplierschedules,and processcapabilitiesat the preferredsuppliers. A contract with
the supplierfor consultingservicesbringsthe supplierinto the designprocess electronically.
Reliabilityandcompatibilityare forecastusing expertsystems. The result from this process is a
productrealizationscript. A completedesign thatcontainsall the informationrequiredto start
producingthe pan.

Tool programs,performancemodels,and process capabilitiesalljoin to allow immediate
manufactureof the componentand eliminatethe need to performacceptance testing once the part
has beenproduced. An orderis placed, and the vendormanufacturesthe componentto the
schedulethatwas forecast in theinitialdesignphase. The vendorshipsthe partsto the designated
source and updatesthe expertsystem on process capabilitiesandpan performance. The design
definitionis archivedand feeds the expertsystemwithdesigninformationand lessons learned.
The extensiveuse of on-line systemshas been estimatedto reducethe product realizationtime by
at least 50%. Examplesarediscussedinthe BusinessCases below (Section 4).

FigureD.3 shows the work flow for the NWC designed, industrymanufacturedcomponents.
FigureD.4 is the informationflow diagramfor both the NWC designed,industrymanufactured
componentsand the NWC specified,commerciallyavailablecomponents.

3.2.3 NWC Specified, Commercially Available
Four fundamentalcharacteristicsdefinethe envisionedto-beNWC specified, industry
manufacturedcomponentsbusiness:

" • Componentsof the appropriatequalitywithout unique WRrequirements(commercial,Mil-
STD, and high-reliabilityonly)

• s Preferred, pre-qualifiedsuppliersanda suppliermanagementsystem
• No componentcharacterizationor qualificationperformed bythe NWC
• Single-pointresponsibilityfor a component(or componentfamily)within the NWC
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A suppliermanagementsystemis one methodfor accessinglargecomponent databases
maintainedby industry. This type of subscribedsystem provideslow-volume component
consumers likethe NWC access to many of the advantagesenjoyedby high-volume consumers
such as componentperformanceinformation,supplierratings,technology advancementsand

• lowerdevice prices.

Inthe proposed to-be environment,the customerworks with a componentengineerto select the
" appropriatedevice(s) based on:

• component capabilityand statisticalcomponent performanceinformationprovidedby a
preferredsupplier,a preferred parts database,or bya suppliermanagement system

• component models
• supplier ratingsbased on past performance

This information is availableto the component engineer(and possibly to the customer) through an
expert knowledge system. Afterthe customerselects the desiredcomponent, the component
engineerplaces an orderusing a desktop purchasingsystem. The component engineeralso uses
on-line,NWC scheduling and inventory information to establishproduction orders. [NOTE: If
the customer'srequirementscannot be met with an availablecomponent, then the device must be
developedas an NWC designed,industry manufacturedcomponent and would follow the
developmentprocess describedin section 3.2.2. This results in longer development times and
higherCOSTS.]

To achievetheto-be,severalchangesinthewayNWC specifiesandprocuresthesetypesof
devicesmustoccur.Thesechangesinclude:
• Procuringonlyappropriate-qualitycommercial,Mil-STD, orhigh-reliabilitydeviceswithout

placingunnecessaryWR requirementsonthesupplier(noWR specifications).
• EstablishingpartnershipswithcriticalsuppliersthatcomplementtheNWC's capabilitiesand

anticipatedtechnologyneeds.
• Subscribingto industrycomponentdatabasesanda suppliermanagementsystemnotonlyfor

selectingstandardpartsbutalsoforobtainingcomponentmodels.
• Givingintegratedproductteamstheresponsibilityandauthorityto managetheircomponents

fromconceptthroughproduction.
• Usinginformationtechnologyto:

• identifythecustomer'ssingle-pointcontact
• tracksupplierquality
• keepandprovidestatisticalperformanceinformationoncomponents
• predict reliabilityand compatibilitybased on component models andperformancehistory

• Establishingstream-lined,desktop scheduling,purchasing,accounting, and inventory systems.

FigureD.5 shows the work flow for the NWC designed, industrymanufacturedcomponents.
- Figure D.4 is the information flow diagramfor both the NWC designed, industrymanufactured

components and the NWC specified,commerciallyavailablecomponents.
a,

3.3 To-BeOrganization
In the Enterprise,phases of'a majorproject arestill functionallyorganized. At the component
level productlines are managed as singleentities so that the most currenttechnologies are
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availablefor providingcustomers'solutions. These productlinescould have people and facilities
crossingcompanyboundaries.One majordifferencelies inthe authoritygiven to project
managers. Heavyweightprojectmanagementis neededto maintaincustomerfocus. The project
managersinthe Enterprisehaveaccess to the guidanceandschedulingsystems whichidentify

- availableresourcesand allow themto scheduletime accordingly.Functionalandproject
managersarejointly responsiblefor resourcemanagementandperformanceevaluations. Another

. change lies in the supplierrelations.An agile environmentexists in whichthe Enterprise makes
and breakspartnershipswith suppliersin responseto customerneeds.

3.4 To-Be Technology
Table B.2 in AppendixB includesa synopsisof knowntechnologysystems and describesdesired
featuresof those systems. Whileaugmentingcurrentsystems to includethose featureswill be an
improvementin currentbusinesspractices,integratingthe systemswithin each company and
across the enterprise is necessaryto realizethe fullpotentialof the enterprise. Thetechnology
systemsused for accessinginformation,technicaland administrative,are perceivedas the most
criticalto the success of the enterprise.

3.4.1 Description of Enterprise Information Systems
Figures D.2 and D.4 in AppendixD show the informationflow for the enterprisemodel. In the
model, six systems are shownto be instrumentalfor the properflow of information. A brief
descriptionof how each system is used inthe enterprise is given below:
• GuidanceSystem- the guidance systemprovidesthe means to quicklydirectthe customerto

the people who can providethe p_apersolutionto theirrequest. Any individualwithinthe
enterprisecan access the system uponcontactby a potentialcustomer. Whilediscussingthe
requestwith the customer,the individualuses the systemto matchthe customerwith the
people who have the fight skills and technologies to meet theirneeds.

• ExpertKnowledge-based System - the Product Teamuses the expertkn6wledge-based
system to gain access to informationincludingprocess historyand capability, design
guidelines,qualified suppliersboth within and outside of the NWC, and product and process
experts.

• ElectronicProcurementSystem- the electronicprocurementsystemprovidesthe interface
betweenthe ProductTeamand the pre-qualifiedsuppliers.ProductTeam memberscan
access the system, inquireabout the availabilityandcosts of desiredtools, models, etc., and
quicklyplace anorderfor needed items. The systemprovidesfor electronicfundstransferto
the suppliersand each purchaseis automaticallyavailablefor inquiryby the accounting
system.

s AccountingSystem- the accountingsystemis used to trackall costs. All laborchargesacross
the enterprise are inputelectronicallyand trackedby the system.The systemalso has access to
each purchasemadefor a project.Projectleadersuse the real-timesystem to track costs andI,

managebudget for theirprojects.
s SchedulingSystem- resourceavailability(people andequipment)is trackedthroughthe

schedulingsystem. In addition, product schedulesare maintainedin the system and can be
accessedby anyone in the enterprise. Project leadersuse the system to manage resources and
scheduleequipment for meeting theirproject requirements.
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DefinitionConfigurationManagementSystem- The DCM systemassistsin the coordination
andmanagementof componentdefinitions.The DCMguides the creationof the product
realizationscriptandtracksdefinitionhistory. All designsare archived in theDCM system.

In additionto the systemsshown,the ProductTeamoperatesin a concurrentengineering
environment.Design informationis availableto allmembersof the team throughsimilar
integratedCAE systems. The transferof drawingsis no longernecessary,and informationneeded

• by each memberis incorporatedat the onset.

4. Business Case,s
Electronic componentsbusinesscase exampleswere developedfor aNWC designedand
manufactureddevice and for a NWC specified,commerciallyavailabledevice. Typical electronic
components were selectedto representeach business case. For the NWC designed and
manufacturedcase a thick filmnetworkwas selected as the example and a capacitorwas selected
for the NWC specified, commerciallyavailablecase. The virtualenterprise characteristics
(summarizedin Section 5) andthe generic to-be work and informationflows (described in Section
3) were appliedto each business case to illustratehow these components would be designed and
manufacturedin the Enterprise.

After analyzingthe differencesbetween the as-is and to-be cases, majorbenefitsand gaps were
identified. These are basedon the use of the genetic models. Additionalbenefitsand gaps could
be realizedfollowing a re-engineeringeffort focused on the specific processes used for each
device.

4.1 NWC Designed, NWC Manufactured: Thick Film Network

A thick film networkconsistsof acircuitconductorandresistorpatternappliedona ceramic
substratewith areas for the mounting of bare or packagedsemiconductors. Networks are
typicallymulti-layeredand consist of alternatingthick filmlayers of dielectric and conductor
materialinterconnectedby vias. The thick filmmaterialis most often applied by printing
techniques through a patterned screenand subsequentlyfiredat high temperatures. Thick film
networks can containup to 30 layersof dielectricand conductors.

The following assumptionswere made for the business case:
s Design tools are available
s Thick filmnetwork fabrication p_ocessesare developedand may need only minoradjustments
• Fabricationmaterial such as subst-ates and thick film paste are availablein stores

The estimates in the modelwere based on full implementationof the virtual enterprise
characteristicsas describedin the virtual enterprise characteristicstable (Table 3, Section 5). The

. as-is work flow was dividedinto 14 workflow steps fromthe initialcustomer contact to the
shipment of the completed networksto the customer. Cycle times were developed for each one
of the steps in the as-is work flow. The total cycle time for the as-is environmentis 245 work-
days or 49 work-weeks. The work flows are shown in Figure4.

By utilizing the virtualenterprise characteristics,the numberof work steps in the to-be case has
been significantlyreducedand the associated cycle time has also been reduced to 136 work-days
or 27 work-weeks. The to-be process is started with a customer contact and the veryquick
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formationof a ProductTeam to planand manage the project. This is a cross-functionalteam
that includes designengineers,productengineers, processengineers,quality engineersand other
functions on an as neededbasis.

The team develops the productrealizationscriptwhich includes a significant amountof
manufacturinginformationsuch as roughcut workinstructions,tooling informationin a form

" that can directlyinterfacewith productionequipment,processflow information,released
drawingsand a bill of material.

Electrical simulationandvirtualprototypingthat includesprocessand materialcharacteristicsis
performedin a much morethorough and detailedmanner.This significantly minimizes or
eliminatesthe fabricationof modelsto verify the manufacturingprocesses and electrical
characteristics.The reductionor.total eliminationof physical model fabricationresultsin a
cycle time reductionfor overalldelivery and also resultsin significant cost savings.

Figure 4: NWC Designed and Manufactured Business Case: Thick Film Network
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The majorbenefitsfor operatingin thevirtualenvironmentin orderof importanceare listed
below:

• Enables additionalCAE-based designiterationswithout buildingcomponents
• Reduces product realizationcycle time
• Improvesunderstandingof product capabilityfrom process knowledge
• Reduces non-value addedactivities such as inspection, drawing release, and redundantdata

entry
• Reducesdevelopmentandtoolingcosts
• Eliminatesmultipleproductdesigndefinitionsbyusinga singleproductrealizationscript

The primarygaps in the as-is and achievingthe to-be for the thick filmnetwork case include the
following:
• Expert knowledge system (e.g. statisticaldata, layout rules, reliability...)
• Seamless systemsincludingDCM, scheduling, and accounting
• Directtie between computerdefinitionandthe manufacturingequipment
• Specific re-engineeringfocus on thick filmnetworks
• Well understoodprocesses through process characterizationand control

4.2 NWC Specified, Commercially Available: Ceramic Capacitor
A business case was selected to illustratehow a virtual enterprisecould improvethe NWC
specified, commerciallyavailablecomponent business. The component that was selectedfor this
business case was a standard,ceramiccapacitor made by a previouslyqualifiedsupplier (such as
Kemet). The comparativeas-is andto-be work flow diagramsare shown in Figure 5.

The team compared the as-is andto-be based on estimatesof the typical processes and time
requiredto go fromestablishingcustomerrequirementsto having production components. The
as-is work flow requires 12 steps and 67 work-weeks while the to-be work flow requiresonly 5
steps and 21 work-weeks. Sanitychecks were performedin an attemptto validate these
estimates. For the as-is, capacitorsdevelopedfor the MC4033 wereused as a baseline. One to
two years were requiredin this application. Forthe to-be, capacitorsused in the Stratcom Secure
Recede System (SSgS) were the baseline. Whilethe development process for these devices did
not incorporate all of the recommendedvirtualenterprise characteristics, the SSR.Sdiduse AT&T
standardparts. The timerequiredto obtain similardevices for the SSRS was approximately8
weeks. The majordriverwas the vendor's device flow time. The approachtaken for the SSRS
was to develop a designthat could use commercialcomponents, and emphasis was placed on
manufacturability.

Forthis business case, a two-fold reductionin process steps and a three-fold reductionin
developmenttimewas achieved by using severalvirtual enterprise characteristics. In the go-be,

• the customerworks directlywith a single-pointcomponent contact to select the component based
on manufacturing capability, statistical performance information, and component models. Even

, thOughcomponent selectionis limitedto preferredpartsand/or suppliers,component
characteristicsare immediatelyavailable. Once the component is selected,the component
engineerdeterminesthe best supplierfor the part based on vendorhistories and quality ratings.
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Figure 5: NWC Specified,Commercially Available BusinessCase:CeramicCapacitor

After selecting the supplier, the component engineer then schedules and orders the parts for
development and production from his/her desktop computer.

The virtual enterprise relies on several information systems being available. This business case
requires a customer guidance system to identify the customer's single-point contact, an expert
knowledge system that provides device information and determine supplier ratings, and a
seamless, desktop system accessing scheduling, purchasing, accounting, and inventory
information.

In addition, becausethe enterprisestructurecrossessiteboundaries,the componentengineercan
accessmultiple informationsourcesto obtain funds,establishschedules,and orderdevices The

, elimination of non-value added activities is another importantaspect of the virtual enterprise. In
this business case, component characterization, specification development, and component
qualification arc eliminated as a result of re-engineering.t

For this business case, the virtual enterprise:
s Reduces cycle time
s Reduces component cost
• Delivers components of the appropriate quality
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* Increases next assemblyflexibility
• EnablesCAE-baseddesign analysiswithoutbuyingprototype components for nextassembly
• Eliminatesnon-value addedactivitiessuch as coraponent characterization,specification

development,and qualification
t

There are many gaps that must be filledbefore it would be possible to conduct business as
envisionedin the virtualenterprise. Forthis particularbusiness case, these gaps include:

4

• Preferred,pre-qualifiedsuppliersand supplierratings
• Simplified, seamlessscheduling,purchasing, accounting,and inventory systems
• On-linedevice models
• Customerguidancesystem
• Expertknowledgesystem containingthe supplier'sstatisticalperformancedata, yields, and

reliabilityinformation

5. Enterprise Characte,ristics

5.1 Characteristics

There are many char_cteristi,_sthatdistinguishthe virtual enterprisefromtoday's electronic
components business. Table3 summarizesthese characteristicsand identifiesthe associated
initiatives,benefits,and barriers. The initiativesare currentSNL and/orAS/KCP activities that
have features which could support the virtualenterprise, however, they may not providecomplete
solutions needed to realizethe associatedcharacteristics. Most of these activitieswould require
adjustmentsif they wereto be appliedto the enterprise. The benefits and barriersidentifiedin the
table are those that have the most impacton the enterprise. These will be discussed Sections 5.2
and 5.3 respectively.

In the description below, the virtualenterprise characteristicsare dividedinto four categories:
• Organization
• Work
• InformationFlow
• Technology

Each characteristic is describedunderthe category where it has the most impact. However,
because these characteristics applyacross the enterprise, they tend to affect all four areas.

Organization
To the customer, the electroniccomponents enterprise appearsto be a singlebusiness, but it is
actually comprised of NWC sites and industrialpartners. Enterprisemembersand our primary
customer (DOE) work together to develop the Enterprise's joint strategicplan. Each member's

• obligationsand responsibilitieswithinthe virtualenterprise areestablishedthrough legal and
business agreements.

a,

The organizationalstructurewithin the electroniccomponent virtual enterprise is based on
heavyweight project management. Project leadershave the authority to cross organizational
boundaries (both internal and between enterprise sites) in orderto ensure their project's success.
The project leaderworks closely with the customer and reflects the voice of the customer
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throughoutthe project. Thispersonalso leads a productteam comprisedof membersfromacross
the enterprise. In the Enterprise,teammembersare influencedbytheirprojectmanagersaswell
asby theirlinesupervisors.

. Work
Concurrent engineering through cross-functionalteamingis the fundamentalcharacteristicof how
workis accomplishedin the virtualenterprise. DynamicIntegratedProductTeams are

" responsiblefor a productfrom conceptto completionof production. These teams focus on
achievingmanufacturabledesigns basedon capableprocesses. This requiresstatisticalprocess
controlinformationfrom the manufacturer.In addition,industry-standardmanufacturing
processes and practicesare used wherepossible. If necessary,manufacturingprocesses are
developedconcurrentlywiththe design,andmanufacturingengineersarekey membersof the
productteam.

TheEnterpriseis cognizantof industrypracticesin componentdesignand manufacturingand also
keeps currenton computer-basedtools for engineering,design and manufacturing
(CAE/CAD/CAM). To achieve majorreductionsin productdevelopmenttime, the Enterprise
uses modernsimulationcapabilitiesandhas access to componentmodels. These tools and
capabilitiessupportvirtualprototyping(simulation-basedprototypes)and rapidprototyping
activities. Modernmanufacturingcapabilitiessuchas automatedmanufacturingusingdirect
numericalcontroland modulartooling are also established.

In thevirtualenterprise,team memberscan instantaneouslyinitiateprocurementactivitiesand
performfundstransfersthroughoutthe enterprise. The staffestablishesbudgets and schedules
usingvariousenterpriseinformationsystems. In addition,real-timeaccountingandinventory
informationis availableat everyone's desktopcomputers.

The design definitionwithinthe Enterprise is very differentfrom today'sconcept. Product
realizationscriptsthat cutverticallythrough the design and manufacturingprocessescontainall of
the informationrequiredfor the design, manufacture,and maintenanceof the product. These
scripts includethe designlayout,tooling definitions,productiontravelers,directnumericalcontrol
data,and acceptance criteria. Anothercriticalelementin the creationof the designdefinitionis
access to designand manufacturinghistories. These historiesprovidethe productrealization
teamwith informationon knowngood designs, robustmanufacturingprocesses,and lessons
learnedwhich enablesincremental,continuousimprovement.

The Enterprisehas partnershipswith key suppliersto enableagility. The decision to partnerwith
suppliersthatare not partof the NWC is basedon how criticalthe supplieris to the success of the
enterpriseand how the suppliercomplementsthe NWC's capabilitiesandanticipatedtechnology
needs. In addition,the Enterprise alsouses industry-basedsuppliermanagementsystems (such as
the AT&Tsystem)and has the infrastructurein placeto select, pre-qualifyandmaintainpreferred

, suppliersthatarenot membersof thevirtualenterprise.

InformationFl0w
. In a virtualenterprise, there is a significantamount of information that must be shared

electronically. The abilityto communicateand exchange information not only within the virtual
enterprisebut also with customers and suppliersis critical. The information infrastructureused by
the Enterpriseenablesproduct teams to concurrently plan projects and select/design/manufacture
components. Because the informationinfrastructureis site-to-site compatiblewithin the
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Enterprise,membershave easy access to shareddatabasesand systems. Teammembersarealso
ableto share informationbetween multiplecomputerplatforms. This seamlessinfrastructure
bringsknowledgeto the pointof use. In addition,the infrastructureprovideselectronicties to
customersand suppliersthatare not enterprisemembersthroughexistingcommunication

• networkssuchas Intemet.

Gettingthe customer in touch withthe rightpersonis anotherimportantaspect of information
" flow. To achieve this, the enterpriseuses a customerguidancesystemthatassists inidentifying

the customer'sappropriatecontact. This systemallows the customerto be workingwith the right
personin less than one daywhich minimizesthe customer'sinconvenienceand helps initiate
activitiesin a timelyfashion.

T_hnolo_,v
TheEnterprise'sprimarytechnologycharacteristicsareininformationtechnology.Whiletheteam
identifiedtechnolo87needsandtherequiredcharacteristics,it didnotidentifyhowtherequired
systemsshouldbe implemented.TheinformationtechnologiesthattheEnterpriseusesincludea
customerguidancesystem,anexpertknowledgebasedsystem,deslctoppurchasing& scheduling,
access to real-timeaccountingand inventoryinformation,and ties to industrycomponent
databases. The characteristicsof these systemswere describedin Section 3.4.

i

Q
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Area Virtual Enterprise Characteristic Initiatives Benefits Barriers
Organization o Legal/businessagreementsfor the enterprisethatare MDE/DDP, Enablesthe enterpriseto exist - Omem agreemems

customerorientedand thatclearlydefine roles and MOU for PWBs and - DOE mission assignments
responsibilities HMCs

Organization o StrategicPlan for the Virtu_ Enterprise EIT Providesunifieddirectionand Ottrent strategicplans aresite
ab.sh jointSos ori:d

Organization o Heavyweight projectleadersthatoat acrossthe -Providescustomerfocus Currentntanageagnt stngtm_
enterprise -Expedites resource

allocation

Work, o ConcurrentEngineering: IMDI, EP401100 -Reducescycle time -Currentorganizationalstngture
Information -enabled throughDynamic IntegratedProductTeams ICE, TEAM, IPDS, -Reducesdesign iterations
Flow, (DIPTs) IDEA -Ensuresproperquality -DOE restrictionson supplier
Organization -includes customers,componentengineers, components partnerships

technology/materialsexperts,and suppliers - Improvescommunication - Electroniccommunication
-Providescustomerfocus technology not in place
-EstablL_:s uaccable decisions at
the lowest level

Work o Manufacaitabledesignsbased on capableprocesses KCP-PC&C,TQS Reducesdesign iterations Processcapabilityinformationis
limited

Work o Cognizantof industrypracticesin components,design, ECCI, Industry - Incorporatesbest indusay - Limiteddata
manufacturing and CAE/CAD/CAMtools. Partnerships, and practicesinto NWC business -Proprietarydata

Supplier Management - Improvesoastomerrespo_ness - Currentbusiness iractices
system

Work, o Modem simulationcapabilities: VirtualPmtotyping -Redeges design iterations -Technology not available
Technology -rapid prototypingof models(stereolithography) Facility (VPF), -Reducescycle time -Proprietarymodels

-virtual prototyping MUSE, ECCI -Ensuresproperquality-
-on-line component models components

Work o Modem manufactming automation: Reducesproductrealization cyle Expensiveequipment
-direct numericalcontrol time and cost

- modulartoolin8 ....
Work, o Product realization scripts TEAM Reducesdrawing definition - Technologynot in place
Information cycle and manufacturingset- - Inco_'bilities with existing
Flow uptime technologies

-Currentbusiness practices

Table 3: Virtual Enterprise Characteristics Table



Vir_J_ _lgnterp_ Om _r_-t__eristic IsWatives Beaefits Barrkrs
Work, o Mechanismforselecting& maintainingpreferredpre- Whiteslar, - Reducescycletime - Costof_p and
Organization qualified suppliersand forestablishing supplier SupplierManager - Reducescosts maintenance

partnerships Progrm -emm=properquality -RWknychangingcomponents
componems

Information o Informationinfrasuacture: Picture-Tel,SNLCIO - Stqsxnlscemcurreme_ Technologyandsystem
Flow, - seamless communicationw/e-mail and interactive Iniliatives, EDMA, andteaming standardsare not in place
Technology video MDMA, - Improves_tion and

- f'detinnier capabilitybetweendifferentplatforms PDES, NIRVANA, responsiveness
ACCORD -Reducesproductrealizationcyle

time a._ cost

Information o Customerguidance systemthatallows identificationof Reducesresponsetime to customer No _ or _ shell
Flow, propercontactforeach customer
Technology
Work, o Instantaneousinitiationof procurementactivities& funds JIT System Reducesprocurementtime -DOE purchasingregulations
Technology transfers ECCI -DOE qualityrequirements(QC-

IPDS 1)
-Technolosy not in place

Work, o Desktopaccess to accmmtinginformationand ability to FIS Reducesprojectadministrationand -Internalbusiness practices
Technology set up projectcost identifiers BTCS set-uptime -DOE regulations

t

Work, o Integrated scheduling system MRP II -Reduces pmdegt cycle time -Presem systemsnet fully
Technology, -Quiddy securesresoen:es automated
Information - Currentbusinesspractices
Flow -No link betweensites
Information o Expertknowledge system thatcaptures: IDEA, Smartprocessing -Reducesdevelopmemtime -Systemdevelepmemisnotyet
Flow, - processcapabilities - Improves_ility complete
Technology - componentcharacteristics - Currentbusiness practices

- design/developmenthistories - Informationnot compiled
-Hi_ maintenancecosts

Technology o Integrated Definition Configuration Management system DCM Project - Provides traceability - System not in place
- Reducesfile exchange errors - _'ble with existing
-Provides archive capability system(s)

-Forwardcomtmfibilitymay not
be pos_'ble

t_

Table 3 (cont'd): Virtual Enterprise Characteristics Table



6.2 Benefits

The benefits resultingfrom thevirtualenterprisemustbe consideredfrom two perspectives:
1. benefitsto the customer
2. benefitsto the enterprisemembers

Theenterprisewillbe successful_ if it benefitsthe customer. In orderto thrive,the enterprise
mustalso benefitits members If eitherof these criteriais notmet, thenan enterpriseshouldnot
be established. Theteam believesthat the proposedvirtualenterprisemodel benefitsboththe
customerand the enterprisemembers.

Thebenefitsto the customerinclude:

• Delivery of componentsof the appropriatequality
• Reduceddeliverytimes
• Decreasedcosts

• Improvedcommunicationandresponsiveness
• Access to the enterprise's expertisein currenttechnologiesandcomponentcapabilities

Otherbenefitsspecificto DOE (the primarycustomer)include:
• Expandedtechnology transferbetweengovernmentandindustry
• Demonstratedleadershipin unifyingthe nation'stwo industrialbases (defense andgeneral

commerce)by establishinga successful enterprisemodel
• Increasedfocus on strengthswhile maintaininga breadthof availableenterprise capabilities
• Maintenanceof a skilledwork force

The membersof the enterprise reapthe samebenefitsas the customeras well as additional
benefits. The benefitsofbeing a memberof the enterprise include:
• Increasedrepeat/newcustomers
• Supportof the strategicobjectivesof the individualmembers
• Increasedjob satisfaction/challengefor staff
• Increasedcapabilities
• Decreasedtime spent on non-valueaddedactivities

Enterprise membersareableto drawnew customersand achievecustomerloyalty because
workingwithinthe enterprise will shortendeliverytimes andreducecosts while achieving
componentsof the appropriatequality. Being a memberof the enterprise also frees up resources
allowingbusinessesto focus on doingworkthat is critical to theirsuccess such as enhancingareas
of strengthandachievinggreatertechnology transfer.

Enterprise membersarealso ableto leveragethe capabilitiesof the othermembers. This brings to
" each memberbroadermarketopportunitiesinareasrequiring: rapidprototyping,smalllot

fabrications,rapidlychangingrequirements,and low developmentcosts. In addition,individual
, memberswill have access to a greaterbreadthof capabilitiesandtechnologies throughthe

enterprise.

The technologyinfrastructurethat supportsthe enterprisealso increasesa member'scapabilities
outsideof the electroniccomponentsbusiness. These capabilitiesincludeincreaseddesign
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flexibility, improved documentation, and processes for storing/retrieving historical information.
The methods used to develop components in the virtual enterprise also apply to other areas such
as capturing evolving requirements and reducing design iterations through simulation and virtual
prototyping.

Q

5.3 Barriers and Gaps

There are many barriers that must be overcome and gaps that must be filled before it is possible to
successfully implement the virtual enterprise model presented in this report. A barrier is an
obstruction. To overcome a berrier, one must either implement a change (such as putting a door
in a wall) or bypass the obstruction (such as climbing over a wall). A gap is a separation that can
be filled by applying time and resources (such as building a bridge). Both barriers and gaps can
prevent the success of the virtual enterprise. However, overcoming a barriergenerally requires a
re-engineering effort whereas filling a gap requires an engineering effort.

The fundamental barriersto the virtual enterprise are the current organizational structure and
traditional business practices. The NWC is structured as a group of contractors for the DOE.
The roles and responsibilities of each site are defined by mission assignments. The DOE treats
each site _s a separate business which reduces the complexity of their oversight and auditing role.
DOE orders define how we must conduct business within this structure. Orders such as quality
requirements significantly impact and constrain the operation of the electronic components
business. In addition, federal regulations in areas such as procurement and waste
generation/disposal also burden the electronic components business.

The virtual enterprise is an agile alliance of NWC sites and critical suppliers operating under a set
of legal agreements. The virtual enterprise also relies on joint strategic planning based on the
enterprise's objectives. These basic concepts do not fit in the present NWC organizational
structure maintained by the DOE. Within the virtual enterprise, it is impossible to define the site-
specific responsibilities that the DOE currentlyrequires. Also, having industrial partners conflicts
with federal competitive procurement regulations.

The primary goal of the virtual enterprise is to cost-effectively develop components of the
appropriate quality in a shorter time than is now required. The quality and procurement
requirements that the NWC presently operates under tend to drive component costs up and
increase development time with no measurable improvement in component quality.

There are also barriers at each site that prevent the formation of a successful virtual enterprise.
One example is site-specific organizational structure. The virtual enterprise relies on cross-
functional teaming. To achieve this, management structures must be established that recognize an
individual's contributions to the enterprise as well as to their functional organization. Also,
projects in the virtual enterprise are led by heavyweight project managers who maintain focus on

" customer needs. These project managers must have the authority to rapidly secure resources
from multiple organizations. Present funding mechanisms that emphasize projects as opposed to

, maintaining the technology base also impede the virtual enterprise. This is because the enterprise
relies on technologies such as information systems that benefit multiple projects but are difficult to
justify on an individual basis. In addition, once these technologies are in place, a funding system
for covering the maintenance andoperating expenses must be developed.
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Workingclosely with industryandhavinga good understandingof industry-basedprocesses
requiresa change inthe way we do work. Forthe enterpriseto succeed, theremust be a close
workingrelationshipwith industry. Severalmethodssuch as partnering,developing preferred
suppliers,or subscribingto a suppliermanagementsystemcan be used to achieve this close-

- workingrelationship. However, theseapproachesrequirea significant,long-terminvestmentof
resourcesto achieve. In addition,specialeffort is neededto complywithgovernment

o procurementregulationsfor some of these approaches.

Therearemanygaps in the implementationof the informationtechnologiesrequiredbythe virtual
enterprise. These informationsystemsmust be highlycoordinatedbetweensites in orderto
_hieve the desiredseamlesscompatibility. In addition,the enterpriserelieson a largestorehouse
of lmowledge such as customercontacts, statisticalperformancedata,supplierratings,and
design/manufacturinghistories. Significanteffort is requiredto compileand maintainthis data.
Also, work approachesmustbe establishedwhichsimplifyhow this datais captured.

There are manyprojectsunderwaytodaythatcanhelp eliminatethese barriersand gaps. Even
incrementalprogressin anyof theproblemareas shouldbe encouragedand mustcontinue. In
addition,the corporate re-engineeringactivitiesoccurringatboth SNL and AS/KCPwill help
breakdown some of the virtualenterprise'sbarriers.

6. Recommendations for Imvlementation
Theobjectiveof theEnterpriseIntegrationTeamwasto createa modelfortheelectronic
componentsbusinessin the future. Afterthe model was complete,the team developedthe
followingrecommendationsfor implementation:

1. Form a Virtual Enterprise Process Management Team
A VirtualEnterpriseProcess ManagementTeamshouldbe formedwith representativesfrom
DOE, AS/KCP,and SNL. The team shouldincludetechnical,business,and legal representatives.
Participationandbuy-infrom all threeorganizationsis essentialfor success of the enterprise.

2. Develop an Implementation Road Map
The Process ManagementTeam shouldformulateanimplementationplanbaseduponthe virtual
enterprise "to-be"model. This plan,similar to a projectplan, shoulddelineatethe activities,
decisions,andmilestonesnecessaryto realizethe model.

3. Establish a Benchmark
A company thathas successfullyintegratedtheiroperationswith anotherseparatecompany
shouldbe identifiedand used as a benchmarkagainstwhichsuccess of the enterprisecan
reasonablybe measured. The benchmarkshouldfocus primarilyon those elementsthatthe team
has identifiedas part of the to-be model, and those which improvecustomersuccess.

° 4. Integrate Into the Ongoing Re-.engineeringActivities
TheProcess ManagementTeam shouldstriveto integratethe VirtualEnterprisedevelopment

• withthe SNL Re-engineeringInitiative,the AS/KCPTotal Quality/TotalQualitySpeed effort,
andthe DOE re-engineeringactivities.

5. Focus Implementation on Key Areas
It
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• The Process Management Team must agree upon the business/legal infrastructure necessary
to allow the Virtual Enterprise to operate, without encumbrance, with organizations within
the nuclear weapons complex, with customers, and with external suppliers.

• The accounting and purchasing practices is an area where much progress can be realized to
•" facilitate the Virtual Enterprise.

• Personnel and project practices which enable "heavyweight" project managers to have
, influence across corporate boundaries should be enacted.

• The information infrastructure is rapidly forming, and the best time to influence its
development for the benefit of the Virtual Enterprise is now.

• The establishment of a process for selecting and maintaining preferred, pre=qualifiedsuppliers
should be a high priority item for the Process Management Team.

• A complex-wide and industry-recognized Definition Configuration Management System
should be implemented.

s The Process Management Team must insist on a Virtual Enterprise system which will allow
realization of components of appropriate quality.

6. Initiate a Pilot Project
A pilot project that boldly formulates new procedures and systems will serve to fine-tune the
Virtual Enterprise model and will, on a limited risk basis, encourage wider buy-in by those unsure
about the soundness of the concept. This pilot project should encompass as many key areas from
Section 6.5 as possible.

An example pilot project is given in Appendix E. This was extracted from a proposal submitted in
response to an Advanced Research Projects Agency (ARPA) Broad Area Announcement for
Agile Manufacturing Pilot Programs.
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Appendices

Appendix A: As-Is Work and Information Flow Charts
The work and information flow diagrams illustrated in Appendices A and B are modeled using a
modified version of the method described in the COSAT sol.are. For the work flow diagrams,
the information in and around the boxes is defined as:

Constraints

!

Inputs _ Activity
/ Outputs

/

Resources

For information flow diagrams, the box contains the name of a person or group of people and the
arrows indicate the type of information being transferred between those people.

|
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Appendix B: Important Technology Characteristics Tables
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ITC Description Rated Values
Rangeof • depth anddiversityof information Low narrow,littledepthor diversity
Information • extentof the archiveddatabase Medium somedepth or diversity

• existenceof informationlibraries High considerabledepth anddiversityof into.

• applicabilityof informationacrosslife cycle
Reliability • consistencyof the systemacrosstimeand Low fails frequentlyand without warning;

applications inconsistent;unstable
• stabilityand resistanceto minorchanges Medium fails occasionally,perhapswith briefwarning,
• consistencyof meaningand the use of the data moderatelyconsistent,stable

acrosscompanyand geographicboundaries High rarelyfails, and if it does, provideswarning;very
• a reliablesystemrarelyfails consistentand stable

Self Sufficiency • can be used as a standalone,without system Low user frequently has to go to another system to
• need to interfacewith other systems to perform perform typicalwork

typicalwork Medium useroccasionallyhas to go to another system
• completenessof the database High user cando nearlyeverythingneededwith the
• extent of necessaryutilities to avoidrelyingon systemat hand

externalsoftware

FaultTolerance * capabilityto tolerate mistakes by havinginternal Low errors(system or human)cause major
featuresto protectagainsthumanor systemerror disruptions

• has backupoptionsto recover from operator,
software,hardware or power failures Medium errorscause minordisruption

• a faulttolerant systemis not subjectto harm from
its own mistakes High errors cause little, if any disruption

Maintainability • ease of keeping the systemoperating Low difficultor timeconsumingto get assistance with
• easy to add new capabilities,minimumimpact problemsor new capabilities
• includesease of maintenance, serviceability,and Medium some assistancereadilyavailable,but may be

availability incompleteor moderatelyeffective
High easy to obtain effectiveassistance with problems

or new capabilities

L_
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ITC Description Rated Values
Flexibility • adaptable to multiple or expanded uses Low system limited to specific uses; not daptable

• modularity of the software Medium system capable of being extended or modified,

• options available but only to a limited degree
• ability to incorporate upgrades without having to High system allows easy addition of capabilities

maintain or lose existin_ information without loss of existing information
Information • ability to exchange data with other systems and to Low very difficult or unable to exchange data with
Integration coordinate shared data other systems or between applications

s ability to work with legacy systems Medium exchange data w/other systems, but w/difficulty
Hif_h easily exchanses data with other systems

Data Integrity • ability to protect the character and meaning of data Low character and meaning of data is often lost when
with those data are shared across applications moving between applications

• involves open communication systems that Medium character and meaning of data is occasionally
lost or slight changes occur which have littleaccommodate interoperability
impact

Hi_ character and meanin_ of data is maintained

Access Control • maintaining a secure, up-to-date and consistent Low serious problems w/security, control, access
and database control

Configuration s capability to handle file and data version control as Medium occasional problems which may result in only
Management well as control of who can access the data and who moderate costs when they occur

can modify the data High rare problems or easily controlled at a low cost
Ease of Human • ease of understanding and learning Low substantial effort to learn;remains difficult to
Use • ease of work tasks for which the system is used, use; substantial ergonomic problems

like programming and drafting Medium significant effort to learn, but becomes easy to
• ergonomic soundness use for experienced user

High ease to learn and use

Efficiency • general operational efficiency Low substantial effort require to accomplish any task
• includes required user training and ramp-up time, Medium moderate effort to accomplish moderate sized

ongoing operational requirements task
Hi_,;_ little effort required to accomplish any task

LJ_
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Systems Currently Used Featu_nctio_ Desired Featurta/guat_'cml
Purchasing(IntegratedProcurementSystem) Desk top JITpurchases,online, forecasting,orderstatus Qualifiedvendors,electroniccontractplacement,

electronicsfund transfer,integratedwiththe
financi_ system,distributeddataetmy, access Z
controlforreadand write

Financial Information(FIS) online, updatedweekly,archives financial information, continuouslyulglated,automaticallytrack
cost planning committments,in.grated wi._ thepurchasing

system, access contrl read and write, distn'buted data
entry, budgetin smallerincrements,consistent
accountingpractices(servicecemersand
organizations)

Service CenterInformationSystem(SCIS) time accotmtingin I rain. increments,cost accounting in Improvedreportingfeatures,moreuser-friendly,
$.01 increments,indirectcosting to distributethe costs of continuousupdates
essential supportactivities (training, maintenance,etc.),
reflectstruecosts, flexible, easy to open, modify,and close
cases

CAD (Design Sim!nlalion) - Electronic schematic captureandsimulation, facilitateco_t engineering,
Electronic Layout physicaldesign definition, used to generateartworkand coupledw/CAD package,easily transferablefiles

tool paths betweenelectrical& mechanical(includes stress&
thermalsimulations)

CAD - Mechanical Simulation (Pro-E) solids modeling,mechanicaldesign definition, digital Pro-EandPm-M be interconnected,wantto be able
design (7) to realizevirtual reality to easily assess fit/function

MechanicalLayout(Pro-E) solids modeling,mechanicaldesign definition,digital

idesign (7)
CAM (Pro-M, Anvil, etc.) 12-dmodel, userfriendlyandcan be used by machinists want3-d model, needsto be able to design more

:fficienttool paths,more intelligent common

standards betweendesignersand suppliers

t_
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;ystems Currently Used Fentares/Fua_ons Desired Fentu_
_omponentInformation(Whitestar,ECCl) outdatedinformation,incompletetechnical information, currentinformation(continuouslyupdatedby

limitedparts, limitedmodels suppliers),device models, cost & schedule
information,easily searchable,electrical
characteristics,physicalparameters

ICE facilitatesconcurrentengineering facilitatesconcunm engineering,needsto be
compatiblewithall CAD/CAMsystems

IDEA expertsystem, providesknowledge acrossprojectlines, integratedin workpracticesso thatthe systemis
difficult to capturethe knowledge, maybe _ to refreshedand maintained
maintain

SupplierPerformance limited information,microsystemswithin Sandiathat are generalsystemthat is on-line andupdatedwith
not sharedoutside the local department,ratingsarebased ratingsbased on clearlyexplicitcriteria
on past Sandiaperformance

MUSE(multi-media user ...) allows mechanicalmodels to be placed in a multi-media wantto be user friendly,trainingtool on manu.
environmentto improveconceptvisualization floor,easy to set up& manipulatefiles

e-mail send files andmessages easy universalaccess, consistent user IDsand
systemsetups; betterdirectory,reliability

EPs oint (NWC) requiredengineeringprocedures need promptsto tell you whenyou shoulduse them,
need to be easily accesu_ole

DOE Orders OverarchingoperatingrequirementsforNWC verycomplex, difficult to get because Sandians
operatefrom derivativedocuments

FactoryManagement-CACTUS Providesshop tracking,display of workdirectionsto Inputseveraloperationsat once, displaygraphics,
operators,time _.repo_dng,scrapreporting SPC functions, trainingand

certification/qualificationverificationlockout

Table B.2 (cont'd): Features of Technology Systems



!
8

& •

System_ Currently Used Features/F_actions Desired Femares/Functtons
ATS-Automati¢ Traveler System Work inmroction systemfor assembly and fabrication of Need to be combined with all plant work instngtion

_roduct systems, more user friendly, improved editing

ll-lnspection Instructions Inspection work instruction system to define feature and Combine with ATS system
fmgtion measurement

OR-Open Requirements Displays scheduling infornmtion for 18 months and Improve accuracy-too many changes
>lanning beyond 18 months, shows attrition, runs daily

CAMPS- Computer Automated Procurement System Procurement system that is feed from signed requisitions m Input orders and approve from a workstation
from the open requirements system

Contract Order Inputs orders and integrated with the open requirement Ability for a customer to view and input orders

system
Design Configuration Management - paper system Paper system (ICO, ACO, FCO, SXR, etc) need to be able to convert older files to be

compatible with new systems; needs to solve legacy(not included in ratings matrix)
iissues, needs to be well-controlled

O_
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Appendix C: Strengths, Weaknesses, Opportunities, Constraints Table
The prioritized SWOCelementsare shown inTable C.1. The enterpriseobjectives were ratedby
importance(1flow, 2--medium,3=critical)and the impact of each SWOC on each objective was
discussed. In orderto distinguishthe priorities, SWOCs with a strong relationship(positive or
negative) were given a score of nine, those with a moderaterelationshipare scored at three,
SWOCswith a weak relationshipto the objective aregiven a score of one, an.dthose with no
impact are scored at zero. Once all the relationshipshave been correlated,the scores were
multipliedby the importanceweight and summedto identifythe impactof each SWOC on all of
the goals. These numbersare shown in the Priorities row.
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ObjectiveImportance(;l-low,2-medium_3-critical): 2 3 3 1 3
Strengths:

Meet__-QC-I requirements 9 9 3 9 1 66
Use of commonCAD systems 3 9 3 3 0 45
Hire _ nurture ,&ill ed _!tsff 3 3 3 3 3 36

Inv____in_t_cb.nologysupport 1 3 3 1 3 30

Stabilityin de__'__nworkforce 3 3 3 1 0 25

A_ounfins ______snotin.ted betweenfacilities 1 3 0 1 0 12
Do notworkto commonDOE roles 3 3 3 3 3 36

Long cycletime (e.g. inspection,non-valueaddedwork, lens approvalchains) 9 9 3 9 3 72
No intelFa---t"ddefinitionconfigurationmanasementsystem 3 9 9 3 3 72
Schedulin8 sy_s arenotin_tearated 1 9 1 3 3 44
Complexprocurementsystems 9 9 3 9 3 72
Manyd_i_a-nandfabri_'_oniterations 9 9 I 3 3 60
Inflexibleworkforee 3 3 1 1 3 28

Partiesaff_ted byd_isions aren_presentin theprocess 9 3 3 I I 40
Culturedoes noternpb___siTe_pm1_unplannin_ 3 3 I 0 I 21

S_bility in productionworkforee 3 3 9 3 1 48
Opportunities:

Few supplierpartnerships 3 9 9 3 3 72
Few commoncorporateobjectives 1 3 1 1 9 42
Keep ab_re-__-t.of!a__t_t_t_tech.& _bilities by partnefin8 w/tech, developmentsupplien 3 3 3 1 3 34
Seek to improveandupdateprocesses 3 3 3 1 3 34
E_blish aninf_____mcturethatincludesa processforusin$ lessonslearned 3 3 3 1 1 28

13oupfront-___-:e_ments(mfg,compatibility,reliability,benchmarkin[_) 3 3 9 1 1 46
Do zmt/benefitanalysis(E___-__!-I,programplanning,etc) 9 1 3 1 1 34
Infonna_fionL-.c_hnolo_i_es(fundstransfer,IDEA, ECCI,ICE, etc.) 9 9 3 9 3 72

Constraints:

Limit_ _reso__u_ree___(_pltalequipment'andexpensefunds) I 3 3 I 3 30
' Government,DOE re_u!stions(procurement.,ES&H, etc) 9 3 1 9 3 48

Union contract 3 3 0 3 1 21

• Phys_ic_!separationof manufacturing:anddesi_:n 3 3 1 3 1 24

Legend:
Offinorelationfldp
l=weakn:tuiomhip
2=moderaterelationship
_".-",xomz__dom_p

Table C.1" PrioritizedStrengths,Weaknesses,Opportunities,and ConstraintsElements 63



Appendix D: To-Be Work and Information Flow Charts
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Section [I - Summary of Proposal

A. Innovative Claims for the Proposed Research

The proposed project will demonstrate a virtual enterprise model for moving

organizations to an agile manufacturing posture. The concept of agile manufacturing

([acocca Institute's _Ist Century .Vfanufacturing Enterpriae Strategy Report) implies

needs ['or new and innovative ways of conceiving and implementing business

organizations for manufacturing. An approach to be demonstrated in this project is to

meid theories and principles from new concepts of' the manufacturing enterprise to help

agile manufacturing happen. Specifically, the project will develop ways to apply the

characteristics of the virtual enterprise (Davidow and Xlalone; Hammer and Chumpy)

to agile manufacturing. Relevant thoughts and experiences in defining the virtual

enterprise, as well as implementing enterprise integration and business-process

reengineering will be brought to bear on creating a virtual enterprise. That enterprise

will consist of the Sandia National Laboratory; the Allied Signal/Kansas City Facility;

their customers; and their suppliers. The purpose of the virtual enterprise will be to

partner for the selection, evaluation, development, procurem.eat, and manufacture of

electronic components.

An approach to such an enterprise-building venture has been initiated at Sandia. Tools

and methods developed by the Industrial Technology Institute and by the NIST

Manufacturing Technology Centers offer ways to operationalize and help organizations

through the change process toward the virtual enterprise. Two such tools, the Cross-

Organizational STEP Adoption Tool (COSAT) and the Human Resources Assessme_l_

Package (HRAP) are expected to form the cornerstone for the proposed enterprise

development at Sandia.

The major benefits of the virtual enterprise model for agile manufacturing will be:

• Faster provision of electronic components to the field
t

• Less expensive procurement and manufacture of electronic components

$

• Higher quality components through the joint strategic and tactical
integration between providers

For longer-term users beyond the demonstration site, the virtual model can be ex_,,

to offer a method for integrating technologies, organization and people for agile

manufacturing. 71
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Deliverables

I. Pack,_j_ ' :':,t tested tools/or organization and h,,man re.source

a_sessment. COSAT and HRAP, as applied to. a,,d refined by the virtual4

enterprise application will be documented for dissemination, along with
orientation materials for training other companies to use them...,,.

2. Description of the Virtual Enterprise model and process. The
characteristics of the Sandia/Allied-Signal Virtual Enterprise will be
described. This report will also articulate the process by which the
enterprise evolved, so that other firms may replicate, or customize that
process.

3. A formative implementation analysis. ,,ks the virtual enterprise is designed
and implemented, the project will document the activities and the
accompanying facilitators or barriers to effective change. This analysis will
offer implementation guidance to future groups moving toward an agile
manufacturing environment.

4. Summative evaluation of the value of the virtual enterprise model.
Outcome data will be gathered from a six-month pilot

implementation/demonstration to test the value of the new agile approach.
- That evaluation will rely upon relevant outcome criteria for the

Saadia/Allied operation, and comparisons of results from the virtual
enterprise with other traditional forms of organization. Criteria will include
cost, quality, delivery, service and morale.

5..4 dissemination model for building more virtual enterprises. A process
will be developed and reported, by which government agencies can foster
more widespread adoption of virtual enterprises for design, manufacture and
provision of resources to the armed forces and civilian manufacturing
sectors. This will include guidance on how Agile Xlanufacturing Pilots can
embrace the virtual enterprise approach and benefit from it.
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C. Cost, Schedule and Milestones

TASK MONTHS PERSON-DAYS MILESTONE

" Revle'_ obJ ecc!ves 1 20 -

" Set s_rasegy • guidance i-2 30 -

Review o_her EI efforts 1-3 40 Report

Complete As-Is assessmen5 1-3 i00 Documentation

Design To-Be Vlrt. Ent. 2-4 220 Doc/Repor_

Assess Implement'n Gaps 4-5 60 Ass'_ Report

Flan Implemen_ation 5-6 50 Ac_lon Plan

Es_abllsh success crl_erla 6-7 40 Documen_a_lon

Design evaluatlon 6-7 40 Repor_

' Implement and evaluate 7-15 400 Monthly repts

Repor_ and recommend
Improvemen _s 15-18 60

Dissemina_e model 15-18 35

ProJecr, management, 1-18 100

To_al 1195

Estlma_ed Costs ITI Sandla Allied Perc. To_al

Year I $234K 218 210 75 737

Year 2 $95K 65 65 20 245

4
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D. Technical Approach, Rationale, and Strategy

Overall Technical Approach

Our approach will be to use existing tools to link the concepts of the virtual enterprise

, strategy with the realtime task of building an integrated team for agile manufacturing

of electronic components. The work will involve reengineering the business process for

component procurement and manufacture and providing the operational tools to

accomplish that integration. Development of the enterprise will be pursued by the

members of the design, manufacturing and business team that cuts across the two

components-producing organizations (Sandia and Allied). ITI will facilitate the

assessment, design, implementation and evaluation phases of the project. Perceptronics

will provide their PERCN'ET process modeling and sim,tlation software tool and

expertise.

Rationale

It is a premise of this proposed research that transferring the concepts of the virtual

enterprise to agile manufacturing requires structured tools and technical assistance.

Simply reading the books (e.g., Th, lartual Corporation and Reengineer_ng the

Corporation will not suffice to know ho_.._wto plan and implement change for agile

manufacturing. Tools, which have already been developed, can provide both a

structured change process, and a knowledge base of expertise on the element, s of an agile

manufacturing enterprise.

The virtual enterprise mandates a new level of heightened and immediate

respon,ivene**. Through the development of new seamless structures and processes, the

virtual enterprise can serve as a basefor adaptation to emerging and changing market

consideratiotm, materials developments and product configurations. It can also provide

for the optimum utilization of resources throughout the enterprise, based on thorough

communication and coordination.

The virtual enterprise is comprised of three central components: information

processing, organizational dynamics, and manufacturing systems. It links services with

, a manufacturing based economy. The enterprise is viewed as involving an ever-

changing set of activities within a common fabric of relationships among the partners.

The enterprise will be based on innovation and trust (instead of competition). It will be

dedicated to the removal of waste throughout the product life cycle. And, the members

of the enterprise will be empowered to act.
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Those concep,:s :viii be embedded in the Sandia/Allied virtual enterprise by selecting

and stren_tr:-.:;;:,_ business practices and communicatio,,_ methods for effective

provisiono,'e!ectroniccomponents.
'W,

The applicationof the modelto the Sandla/AlliedSignalintegration team will allow

" transformation to the virtual enterprise from a situation where potential design and

manufacturing redundancies or conflicts can result in less than ideal utilization of

resources and relatively inefncient processing of business information.

Technical Strategy

1. Review objective8 and progre88- The Sandia/Allied-Signal team has already
begun to plan for development of an integrated enterprise. They have

established mission and vision and have begun to assess their a_-is operating
environment. Initial thinking has also identified some preferred directions
for future enterprise development. ITI helped Sandia/A.llied begin the
process by providing an overview of how the COSAT tool could be applied
to their endeavors. This project will allow further facilitation and
development. The initial activity will be to review objectives in the context
of the virtual-enterprise basis for this project, and to bring the project team
up-to-speed on progress and directions.

2. Set a continuous improvement strategy- This task will layout an overall
strategy and process for enterprise development and improvement. We will
review the team approach for that improvement and establish a process for
problem-solving much like that associated with Continuous Improvement
User Groups, and what we have developed as a process for Continuous
Improvement Through Teams. The method will be described and the

enterprise team will establish any guidance functions that may be
appropriate.

3. Review other enterprise integration efforts- This will entail a review of
literature and practice in enterprise integration that are relevant to the focus
at Sandia/Allied Signal. The virtual enterprise concept is sufficiently new,
so that there will not be a deep literature base. However, we should be able
to identify some research and ease studies of enterprise integration, and

, sociotechnical organization design that will offer some best-practice
guidelines for the virtual enterprise effort.

4. Complete the As-Is assessment - This task will complete the as-is
assessment of the organizational and technical environment for the virtual
enterprise. That assessment will include description and understanding of
work flows, information flows, organization, and technology. These elements
will be synthesized as a basis for developing specifications for the new
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enterprise: what aspects of the as-is will change and to what forms will they
,:han_-:" Fh_. _sessment will be aceomplishe,:l thr,,u_h f:_cilitated team
lis,:_-.- ' :::..I presented in -.ehematics that '_iI_ _he team to understand

what curren'.ly happens in selecting, procurin_ an,l making components.

5. Des[gu :iz_ "T_-Se" t.irtual enterpr_se- Using parallel considerations to the
" _-is assessment l,work-flow, organization, etc.), the team will continue to

establish the desired characteristics of the new enterprise. The Sandia/Allied
team has already developed some initial concepts and work-flow ideas for
the "To-Be" scenario. The enterprise characteristics are likely to include, to

some degree, the following:

• Work- modern computers, concurrent engineering, simulation and
modeling, instant procurement procedures, modular tooling and direct
numerical control, desktop accounting and costing, product realization

strategies, C:_)/CAE systems, and capable manufacturing systems.

) Information- readily available design histories,'project plans,
realization scripts, guidance systems.

• Organization- clear roles and responsibilities, teams, heavy_eight
project leaders, legal agreements, preferred suppliers, strategic plans,

. maximum flexibility.

• Technology- common integrated desktop systems, integrated
scheduling, forward compatible ['or design and manufacturing, e-mail,
interactive video, file exchange, expert systems for processes and
component designs.

8. Assess capabilities and socialize the laboratories - Given the design for the
virtual enterprise, attention must be paid to providing the resources and
support for implementing the change. Early in the process of assessment
and design, champions will have been established. With those champions
the virtual-enterprise team will help orient and attune other key members of
the organizations to the emerging partnership. We will also conduct an
assessment and possible redevelopment of the human resources necessary to
implement the enterprise. While the virtual enterprise offers promise for
optimum resource utilization, it also stimulates challenges for processes,
skills, and measurement. The Human Resources .-kssessment Package will

, offer indications of any needed developments in education and training,

empowerment, leadership and related functions.

7. Plan the implementation - .-ksa natural follow-on to the socialization
activities, the team will establish the specifics of the implementation plan,

including the work-area focus (e.g., a subset of components), the timetable,
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sequenced activities and responsibilities, and operations for monitoring
continuous improvement.

8. Establish success criteria - Feasible measures of desired enterprise outcomes
will be established as a means to me_ure the effectiveness of the endeavor.

Those criterion measures are likely to represent each of the five "CQDSM"
areas: cost, quality, delivery time, service and morale. The measures will be
designed for maximum ease of collection and interpretation, with the
expectation that measurements will be publicly posted and updated in the
working areas of the enterprise to inform and motivate the team.

O. Design evaluation- Demonstrating the Virtual Enterprise business practice
requires a sound evaluation of its effectiveness. Tile design, to be elaborated
by the team, is likely to involve both some form of experimental/control
comparison, and comparison of measures across time in the virtual
enterprise. Since the program is new, and the laboratories' involvement in
component design and manufacture is broad, it may be possible to establish
an experimental group for the virtual enterprise in, for example, printed wire
boards, while holding out a control group for other components (oscillators,
cables, hybrids, etc.}.

10. Implement and evaluate- The virtual enterprise will be implemented based
on the action plans of the team. Although the implementation will-be for a
longer period, we will track measures for evaluation over the first six-eight

months (with possible followup measures later). The magnitude of the
enterprise change is unlikely to yield major impacts in so short a time.
However, within the eight months, we should have some short-term results
impacting the process of doing business, and a program developed for Sandia
and Allied-Signal to continue their internal evaluation.

11. Report results and recommend improvements- A project report will detail
the process and outcomes of the virtual enterprise experiment at
Sandia/Allied-Signal. It will describe the model, events, and results in
sufficient detail to determine the value of the approach and to generalize the
approach to other organizations.

12. Develop the dissemination model. An adjunct to the research report will

consist of a model for disseminating the virtual-enterprise approach
throughout the electronics industry, and potentially other ._d_.PA-relevant

* manufacturing sectors. That model will recognize this as a seminal venture
toward a modern, interacting coordination of Technology, Organization and
People, with no component driving or inhibiting the others. The National
Lab demonstration is geared to expansion to other manufacturing and design
environments. The model will include emphasis on core values, leadership,
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and enablers (Gunn, 21st Century ,_,fanufacturing). Key features of the
virtual enterprise will be operationalized for partnorships: structt, res.

agree:._.-:.r'.t:. _upport requirements, and teams.
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Appendix F: AcronymslDeflnltlons
AS/KCP AlliedSignaiCorporation/KansasCityPlant
BTCS Business TerminalControl System

. CAD ComputerAidedDesign
CAE ComputerAidedEngineering

. CAM ComputerAidedManufacturing
CIO Chief InformationOfficer
COSAT Cross-OrganizationalSTEP Adoption Tool
DCM Definition CortfigvrationManagement
DOE Departmentof Energy
DDP DelegatedDesign Project
DIPT DynamicIntegratedProductTeam
ECAD ElectronicComputerAidedDesign
ECCI ElectronicCommerceof ComponentInformation
EIT EnterpriseIntegrationTeam
EP401100 EngineeringProcedure entitled"Qualificationof Process and Production

UnderDemonstrationPrograms"
HS FinancialInformation System
ICE InteractiveCollaborativeEnvironment
ICO IntegratedContractorOrder
IDEA IntegratedDesign EnvironmentandAssistant
IMDI IntegratedManufacturingand Design Initiative
IPDS IntegratedProductDefinitionSystem
IPS IntegratedProcurementSystem
ITC Important Technology Characteristic
ITI IndustrialTechnology Institute
/IT JustIn Time
MCAD MechanicalComputerAidedDesign
MDE ManufacturingDevelopmentEngineering
MOU Memorandumof Understanding
MUSE Multi-Use SyntheticEnvironment
NWC Nuclear Weapons Complex
PC&C Process Characterizationand Control
PPL PreferredPartsList
QC-1, QC-2 DOE's QualityCriterion
SNL SandiaNational Laboratories
SWOC Strengths,Weaknesses,Opportunities,Constraints
TEAM TechnologiesEnablingAgile Manufacturing

h TMS Tool Made Sample
TQ Total Quality

• TQS Total QualitySpeed
VEPMT Virtual EnterpriseProcessManagement Team
WR WarReserve
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