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ABSTRACT

With the advent of full service contracts by the Navy, Shipyards have become responsible for the life cycle support of ships, including maintenance and logistics data over the life of the ship.  Hence, it will become increasingly important for shipyards to efficiently integrate acquisition data with lifecycle support products.  In particular, the use of Integrated Data Environment (IDE), mandated for all ACAT1 acquisition programs, will serve to collect and configure engineering and design information during acquisition.  The Shipyard’s cost and performance of these new Navy contracts will depend on the efficient incorporation of this engineering and design information.

The Navy and the aerospace domains are moving toward the adoption of a new the life cycle support standard for technical publication: the International Specification for Technical Publications utilizing a common source database (a.k.a. S1000D). This standard applies to both land and sea specific applications, as well as defense and commercial uses. The purpose of the specification was to address the dramatically rising costs of managing life cycle support information.  The specification adopts ISO, CALS, and W3C standards. In fact, it uses STEP AP239, Product Life cycle support (PLCS) as one of its normative standards

The Integrated Shipbuilding Environment (ISE) project has published a technical architecture, including XML-based information models, for the sharing of product model data to exchange design, engineering, and production data.  The direct use of such data in the population of technical publications could result in significant savings.
In this paper, we discuss architecture and a process to populate portions of the ‘common source database’ for ship life cycle support using product model data in ISE format.  Specifically we address the issues involved in generating PLCS technical data directly from ISE product model data and populating a database in accordance with the S1000D standard. Both the S1000D standard for interactive technical documentation and AP239, lifecycle support data, are analyzed based on the ISE technical architecture. The integration of the document-centric S1000D standard with the data-centric AP239 and ISE standards is discussed.
NOMENCLATURE

ACAT1

Acquisition Category One
AP


Application Protocol.

API


Application Programming Interface.

CAD

Computer-Aided Design.

CALS

Continuous Acquisition and Life-Cycle Support

DEX

Data Exchange Set 

DoD

Department of Defense 

DoN

Department of Navy

DTD

Document Type Definition

ECM

Enterprise Content Management

ETM

Electronic Technical Manual

GUI

Graphical User Interface

HTML

Hypertext Mark-up Language.

IDE


Integrated Data Environment

IPDE

Integrated Product Development Environment

IETM

Electronic Technical interactive Manual

ILS


Integrated Logistics Support

ISE


Integrated Shipbuilding Environment Project under NSRP ASE Program

ISEA

In-Service Engineering Agent

ISO


International Organization for Standardization

MRC

Maintenance Repair Card

NSRP

National Shipbuilding Research Program

OEM

Original Equipment Manufacturer

OSS

Operational Sequencing System

PARM

Participating Manager

PDM

Product Data Management

PLCS

Product Life Cycle Support

PMS

Planned Maintenance System

S1000D

International Standard for Technical Publications
SGML

Standard Generalized Mark-up Language

STEP

Standard for the Exchange of Product Model Data (ISO 10303). Defines a neutral file format for product model data and 3D graphics.
W3C

World Wide Web Consortium

XML

Extensible Mark-up Language
XSL

Extensible Stylesheet Language.

Introduction

With the advent of full service contracts by the Navy, Shipyards have become responsible for the life cycle support of ships, including maintenance and logistics data over the life of the ship.  Hence, it will become increasingly important for shipyards to efficiently integrate acquisition product model data with lifecycle support product model data.  In particular, the use of Integrated Data Environment (IDE), mandated for all ACAT1 acquisition programs, serves to collect and configure design, engineering and production information.  This information is also required to develop the logistics data for the sip.  After ship delivery, the acquisition data is required to initialize life cycle support systems for the ship.  Technical publications, required to operate and maintain the ship, also require similar ship product model information.  Hence, the Shipyard’s cost and performance of these new Navy contracts will depend on the efficient transfer and incorporation of ship product model data.

However, three different, but interrelated, product model standards are emerging for acquisition, logistics, life cycle support, and technical publications.  The Integrated Shipbuilding Environment (ISE) project has developed and published standards-based information architecture.  Information models for the exchange of acquisition data have been published utilizing W3C and STEP (ISO 10303) standards. The Integrated Shipbuilding Environment (ISE) consortium includes six US shipyards and a number of information technology companies. The Product life Cycle Support (PLCS) consortium has developed AP 239, a STEP standard for logistics data and life cycle support.  This consortium includes a number of aerospace companies, but no shipyards. The Navy and the aerospace domains are moving toward the adoption of a new the life cycle support standard for technical publication: the International Specification for Technical Publications utilizing a common source database (a.k.a. S1000D). This standard applies to both land and sea specific applications, as well as defense and commercial uses. The purpose of the specification was to address the dramatically rising costs of managing life cycle support information.  The specification adopts ISO, CALS, and W3C standards, including STEP AP239 as one of its normative standards.

The re-use of ship product model data over the life cycle of the ship will require the ability to exchange product model data across these standards as illustrated below in Figure 1.  Automation of such product model transfers could result in significant savings.  Potential benefits include:

· Reduced cost, faster development of logistics, technical publications, and life cycle support products

· Increased accuracy, reduction of human data entry errors

· Correct and accurate technical data utilizing correct revision and change information.

· Reduced rework due to accurate technical data

The potential benefits for authoring technical publications are particularly noteworthy.  Today, the extraction of data from drawings is primarily a manual process, involving days of effort.  In addition to the extraction time, any changes or updates require additional investigation time – possibly up to a week.  This data is typically used for input to downstream systems, which also require updates – this can be weeks of effort.  Technical Manuals and Training guides are also developed from this basic data as well as utilizing additional drawing information for parts lists, maintenance, and disassembly; all of which require significantly more effort.






Figure 1: Notional re-use of Ship Product Model Data 

In this paper, we discuss architecture and a process to populate portions of the ‘common source database’ for ship life cycle support using product model data in ISE format.  Specifically we address the issues involved in generating PLCS technical data directly from ISE product model data and populating a database in accordance with the S1000D standard. Both the S1000D standard for interactive technical documentation and AP239, lifecycle support data, are analyzed based on the ISE technical architecture. The integration of the document-centric S1000D standard with the data-centric AP239 and ISE standards is discussed.

The paper first provides an overview of the ISE information architecture, PLCS information model, and the S1000D standard.  This is followed a discussion of the technical integration approach and implementation.  Finally, future work is discussed.

ISE overview

In 1999, the National Shipbuilding Research Program (NSRP), in conjunction with industry participation, funded the Integrated Shipbuilding Environment Consortium (ISEC) to address the problem of lack of information interoperability for the product model data associated with ship design, engineering, and construction. The ISE projects have developed an architecture and a tool set based on the integration of the STEP standards (ISO10303) and eXtensible Markup Language (XML).

The information interoperability problem has arisen as a result of the US shipbuilding industry’s migration to a digital product model. In the 1990’s, the US Navy and its shipbuilders began the migration from a design process that captured ship design information on 2D drawings to a process in which ship design information is formulated electronically (with geometry represented in 3D) and captured as a digital product model. The family of systems required to create and maintain a digital product model has come to be known as the Integrated Digital Environment (IDE) or the Integrated Product Development Environment (IPDE). 

Each major US Navy shipbuilding program in recent years has built its own IPDE from scratch. Collaboration team members typically deploy a lesser, satellite instance of the lead yard’s IPDE or rig up connectivity to the primary IPDE. As a consequence, the team member is compelled to support and maintain one or more ancillary IPDE environments. The landscape is illustrated in Figure 2:
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Figure 2.  Today’s IPDE Landscape

Each major program boasts a different IPDE implementation. The most widely publicized difference is the selected CAD platform, but, in fact, the more crucial difference is in the surrounding shipyard IT systems, the application systems, the data management systems and the plexus of integration threads that hold the system together.  At the core of each IPDE is the digital product model which is authored, managed, used internally for analysis and manufacturing, and ultimately transformed into the design deliverable. However, the digital product models are different for each program. One reason for the discrepancy is that the constituent elements of the product model deliverable have not been unambiguously specified at a fundamental level. This deficiency impedes the prospects for collaboration of product data as well as for the collaboration of IPDE system components (i.e. plug and play).

There are a number of process-related and technological prerequisites to the next generation IPDE capability. The ISE project has focused on one of those prerequisites: information interoperability. Information interoperability is the sharing of information across system, application and organization boundaries. Information interoperability is a key enabler of next-generation IPDE; it is a necessary but not a sufficient condition of its production deployment. Surprisingly, the primary focus of information interoperability is not on data exchange for collaboration. The vast majority of the information exchanges take place (thousands of times a day) among the application systems within a single IPDE.

The ISE architecture and prototypes have defined how to create the formal documentation of the requirements for digital product model deliverable. The goal of this activity is to specify the digital product model for shipbuilding, to a level of detail and aligned with current Web capabilities, that enables the production-worthy sharing of the product model between and within various IPDE deployments. This is illustrated in Figure 3:
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Figure 3. Future IPDE Landscape

The shipbuilding problem universe is broad, but it is comprised of a finite number of well-understood application domains. The information interoperability lifecycle is virtually the same for each application domain. 
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Figure 4. Information Interoperability Life Cycle.

Figure 4 depicts the stages and responsibilities of the information interoperability life cycle. The first role belongs to the international standards organizations (such as ISO and, at a more technological level, the World Wide Web Consortium -- W3C).  Work to define the digital ship product model has been underway since the 1980’s and is now substantially complete. This work consists of the definition of the universe of information elements needed to represent a ship across the stages of the product development life cycle.

The second role is the purview of the ISE project; it entails the production level refinement of the standards-based information requirements into a form suitable to provide information interoperability. The ISE project has developed a very detailed technical approach. It is important to understand that broad directives to use STEP, XML or any IT standard, while well-intentioned, are NOT SUFFICIENT to provide information interoperability.

A detailed description of the ISE process is available on the ISE website [7] and in references [1-4]. The following summarizes the technical approach. The international standards published by ISO/STEP initiate the move toward implementation level consensus, but they are not sufficient; the ISE process elaborates the STEP standards, making them suitable for production use by simplifying, bounding and testing the standard. The process steps (illustrated in green in Figure 4) have been proven, prototyped and demonstrated by the ISE project in selected application domains. 

1. Information model: this step consists of the definition of a use case specific information model, that is, an unambiguous delineation of the information elements needed for each significant ship design/build/support usage scenario. Please note an important technical detail. The information must employ end-user friendly information elements, not the impenetrable STEP-specific jargon. The bulk of the effort at this stage consists of simplifying and scoping the information requirements. This entails correcting deficiencies and eliminating ambiguities that still exist in the broad standards. Once the content is resolved, a consensus must be developed on format issues for various representations. As one example, DON and industry are moving toward standard name spaces that can be utilized by XML implementations to facilitate data interoperability.

2. Development of prototype translators: This pertains to CAD as well as other applications. The primary purpose for developing prototype translators is the need to ensure completeness of each interaction in a way that cannot be ensured by a mere paper review. This stage generally results in the realization of some commercially available translators but does not guarantee a production capability or deployment. 

3. Test framework: The ISE work has revealed that two stages of testing are needed. The first stage consists of automated testing using ISE tools; the second consists of end user testing with actual data files. 

Figure 5 is the Information Interoperability roadmap; it shows the current status, what’s done and what’s left:
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Figure 5.  Information interoperability Roadmap.

PLCS overview 

AP239, Product Life Cycle Support (PLCS), known officially as ISO10303-239 [6], is an international standard for the definition and exchange of product data needed for the long-term support of very complex products, such as ships.  The development of this standard was led by a joint industry and government initiative dedicated to the goal of accelerating new standards for product support information. Work on the standard commenced in November 1999 and as of this date is in the final stage of adoption as an international standard.

Although the name of AP239 is Product Life Cycle Support, the standard is focused on a particular category of product and support scenarios. Specifically, AP239 is intended for use with complex, high value products, with numerous unique parts and product configurations and a long service life and demanding in-service support requirements. Not surprisingly, for such products and support scenarios, in-service costs comprise a significant proportion of the total cost of ownership. Clearly, the scenario applies to ships, and even more emphatically to US Navy warships.

The PLCS initiative has identified the following business drivers that will be satisfied or supported by an international standard for product life cycle support information:

· Reduced cost of ownership: The end-users of products, for example, the U.S. Navy, are looking to reduce the total cost of ownership by improving the reliability and maintainability of ships. Reductions in the time needed to undertake essential maintenance and ship upgrade operations also result in increased availability of the war ship.

· Exploit prior investment in product data: The life cycle support community relies heavily on the product data developed during the design and manufacture phases of ship construction. Today the delivery of this product data to the life cycle systems is expensive, time-consuming and entails a good deal of manual intervention.

· New business opportunities: Shipbuilders are looking downstream (so to speak) to generate additional revenue from providing life cycle services. The ability to synthesize design product data with life cycle support data greatly streamlines the role of full service provider. AP239 will also provide a formal specification for shipbuilders that want to bid such work.

· Product lifecycle management: There has been increased emphasis on the managing of product information throughout the ship life cycle—from concept to decommissioning. This leads to a more pressing need for exacting product and support information throughout the product life cycle and even across the supply chain. As a consequence, there is a need to reduce the cost of acquiring, maintaining and delivering product support information.

· Extended enterprise/ Navy’s One Shipyard Vision: With the increasing complexity of systems and collaborations, there is an increased need for knowledge workers to share information across organizational and system boundaries. WWW technology has made new strides possible.

· Product configuration management: Because of the complexity, longevity, and strict reporting requirements of the ship life cycle support scenario, product configuration management is, perhaps, the major challenge. Keeping the information to operate and maintain the ship aligned to an accurate product configuration representation throughout its life is exceedingly difficult. In addition, there is a need to align support information with product information, looking back, and with technical documentation, looking forward. There is a serious need for improved configuration management and provision of feedback on as-maintained configuration, usage, properties, operating state and behavior.

The scope of the information domain for PLCS is quite broad encompassing static characteristics, such as states of the environment, of people, of the product, as well as dynamic characteristics, such as activities performed by the product (operational behavior, diagnostic data) and activities performed by people (e.g., test, repair, move). 

For better comprehension the information scope of AP239 has been categorized as follows:

· Product Description: the ability to define product requirements and product configuration, including a variety of product views and product structures.

· Work Management: the ability to request, formulate, approve, plan and capture feedback on work activities.

· Property, state, behavior: the ability to describe, capture and share feedback on product properties, operating states, and usage. This includes activity history as well as product history.

· Support engineering: ability to define the necessary support for a particular set of products on the ship and to plan the support opportunity, facilities, and resources.

AP239 has been developed in a very modular fashion, adopting an approach that should interoperate nicely with the ISE architecture. The single integrated information model that is AP239 has been assembled from a number of modules. A Data Exchange Set (DEX) is a subset of the overall AP239 schema. Each DEX, like an ISE context schema, supports a specific business process or purpose (information use case). The PLCS information models have been developed using both EXPRESS and XML technologies.

Finally, AP239 introduces the concept of reference data, which is described as standardized, computer-interpretable data that can be used to extend or tailor an information model: specializations that can be applied for a particular industry or usage scenario. Reference data is used within AP239 primarily to define classifications of items, such as classes of documents, tasks, or for enumerated code lists, such as fault codes. Reference data is intended to allow adoption of the standard within a specific domain and will likely be used to create the ISE ship life cycle support information model and context schemas.  The use of this kind tailoring leads to the need for registering such information and will likely entail cooperation with the DoN XML repository.

S1000 overview

The S1000D specification is an international standard that was developed to establish standards for authored content used in creating documentation for vehicles or equipment of any type.  It offers benefits to both consumers and producers of such content.  For producers, these benefits include greater data reuse stemming from its modular nature, the better streamlining of publishing since material is authored in one format and then published in multiple ways, and the cost benefits associated with following a common standard that will ideally provide better low-cost off-the-shelf tools for authoring, managing and processing of such data. With regards to consumers, the benefits stem mainly from having an international standard embraced by its suppliers, resulting in such data becoming more interoperable with improvements in data communications and data mining.  In addition, the cost benefits associated with using standardized software such as off-the-shelf viewers and the improved quality and maintenance of documentation is also envisioned.

Background 

S1000D originated in Europe in the 1980s.  U.S. interest has increased in recent years as the specification evolved to include requirements addressing military needs.  U.S. military projects, such as the Air Force’s Global Hawk and F117A programs have elected to utilize the specification.  Various Navy programs, such as the CVN21, are also expecting to make use of S1000D for its reactor plant documentation.  The S1000D specification today is managed by a consortium consisting of representatives from government and industries from the United States and eight European countries.

Why the progression to S1000D?  

· S1000D is wining converts.  Previous attempts to establish a standard have failed resulting in a hodge-podge of information models for documentation.  Some military standards, such as 87269, have been constructed but either has been customized for projects or interpreted differently making them no longer real standards.  S1000D on the other hand is now becoming a true standard amongst document producers with wide interest in the U.S. and Europe.  

· The growing need for a single unifying information model for the document development process to allow content producers to benefit from commonality amongst the document producing communities is apparent.  Currently most document producing organizations use a homegrown approach to creating documents.  This approach typically consists of some customized information model(s) and collection of custom tools for authoring and producing documents that is highly proprietary.   As one would expect this homegrown approach results in the dependency on costly and perhaps cumbersome tools which are developed in-house or customized extensively.  Such tools are typically inflexible, unlikely to be interoperable and costly to maintain and replace.   The producer’s document development processing environment (content authoring, content management through delivery) often stagnates, making adaptation for new work or tools difficult.  

· The perceived benefits from content reuse that can be achieved with S1000D warrant consideration of the standard for many documentation producers.  S1000D by design allows content authors to construct reusable chunks of content.  The granularity of the chunks is flexible and in the hands of the author and their organization.  This flexibility allows documents to be constructed and managed as virtual documents, where modules of the document are linked together to produce the final document.  The modules can be used and reused in numerous documents simply through the module linking mechanisms built into S1000D itself.  This allows document producers a better way to create and manage specific documents constructed from shared content.  The modules themselves can also be configuration managed in a more straightforward manner as independent entities.  S1000D also allows for the insertion of applicability information associated within module itself, so that the module can identify which products it is associated with.  For instance, an authored module can include information about what version of equipment it is specifically for.  Modules can also be reused by other document producers as well, for instance a part’s supplier module can be reused within the documentation of the part’s buyer documentation greatly simplifying the construction of documents using content from different organizations.  

Data Modules

The S1000D is organized around the concept of Data Modules.  Each data module type has its own DTD (Document Type Definition) to describe how content in the module is structured.  The modules available are the following:

· Descriptive Data Module – this module is used to contain the descriptive text (e.g. introductory material, purpose, planning, …) found in the front section of most technical publications.  In addition to traditional document content (i.e. paragraphs of text, titles, tables, etc.), this module can also capture applicability information associated with the module.

· Procedural Data Module – this module is used to contain the content associated with the steps of maintenance or operations procedure, content areas include preliminary requirements, maintenance function and close-up procedures.  The preliminary requirements sections is used to capture any conditions and resource requirements that must be in place before the procedure can be executed.  The maintenance section is to be used to contain the actual procedure’s steps that user must follow to complete the activity.

· Illustrated Parts Data Module – this module is used to contain information that may have previously been contained within an Illustrated Parts Catalogue (IPC) or a Complete Equipment Schedules (CES) document.  Table and graphic information can be attached as well.

· Fault Isolation and Reporting Data Module – this module is used to contain Fault Diagnostic information.  The Isolation section describes the known faults and the associated isolation procedures.  Fault localization is handled through a series of questions.  Graphics can be attached to aid in the fault location process.

· Maintenance Planning Data Module – this module is used to contain planning information.  This information consists of timeline data, data associated with task to be performed for maintenance, data about routines checks (scheduled checks, unscheduled checks, etc).

· Aircrew Operator Data Module – this module is specific for use for flight information data.  

Storage model 

Today’s businesses increasingly compete on their ability to collectively create, process, share and distribute content.  Most businesses that generate documents must rely on an integrated Enterprise Content Management (ECM) system to manage their documents and their associated content.  Enterprise Content Management (ECM) can be described as the category of software that helps an organization manage all of its unstructured information - or content- in its enterprise.  This information exists in many digital forms: text documents, engineering drawings, XML, still images, audio and video files, and many other file types and formats.  ECM helps organizations create content with common desktop applications that are seamlessly integrated with the ECM.  ECMs can also aid in capturing and incorporating existing content from a variety of sources.

ECMs that are particular effective for S1000D based documents provide operator aids specifically for the management of S1000D modules and the construction of S1000D-based document deliverables.  These deliverables can be paper documents, standalone electronic documents (i.e. PDF files), or content delivered by electronic presentation systems (e.g. web servers, database driven IETMs, etc.).  Seamless integration of the ECM with desktop authoring tools such as XML editors that understand S1000D content, are also integral to efficient authoring of content and creation of S1000D-based documents.

S1000D specific processing aids that may be provided by the ECM include:

· The tracking of references to other modules by a module

· The validation of module references, assuring that the modules referenced exist and are contained within the ECM

· Searching and locating modules based on metadata or on module identifiers allowing for reuse of module content by the author

· The automated extraction of module information as modules are added to the ECM

· The identification of dependencies of a module on other modules to facilitate change management

Authoring documents under S1000D using an ECM and a desktop XML editor mainly consists of authoring individual S1000D modules and then using S1000D’s module referencing to essentially stitch together the authored content into a single document.  Under this model, the lowest level of reusable content is the module.  Modules are authored and validated as individual chunks of content and may be reused repeatedly in one document or in many documents.  An ECM can be used to manage modules as individual objects with information with regards to versioning and access control of the objects maintained by the ECM.  ECMs may also be use in conjunction with a workflow engine to route the authored content and associated documents for approvals.  Finally the ECM is often used to perform the necessary extractions of modules, the bringing together the set of modules needed to create a particular document, which is then used to produce the deliverable document.
Presentation model 

S1000D is being looked towards as a standard not just for authoring of content but as a content standard for presentation as well.  The international recognition of S1000D will allow a new market for vendors in the IETM presentation market.  Previously tools developed for presentation of content had to be extensively customized to handle in-house information models, and were limited by the degree of customization often needed and the lack of integration.  Now with the use of S1000D modules these vendors can instead develop tools that focus on being interoperable at the module level, and work with little customization for the customer.  The document development community can now capitalize on the commonality of S1000D to save these customization costs, improve content sharing and reuse, and reduce time for document presentation development through better and more integrated tools.  Different presentation engines, for instance to handle different presentation formats, can now readily be applied to S1000D standard captured content without the need for customization of content.

Requirements 

This section outlines the requirements for data exchange and interoperability between the three product model standards.

Author/Update Product Model Data for Ship life Cycle

The entire range of product model data for design, engineering, production, logistics, life cycle support, and technical publications is developed in a similar fashion during both ship acquisition and ship operation & maintenance.  Table 1 below lists the agencies in both the shipyard and Navy that are responsible for authoring and updating this product model data.

	
	Shipbuilder
	Navy

	Acquisition
	Construction Yard
	PARM

	Operation
	Planning Yard
	ISEA


Table 1: Author/update agencies

The two ship processes that require authoring/updating product model data are:

· Acquisition.  The ship is under construction.  The Construction Yard (and associated ILS department) develops product model data for the ship and systems under contract.  The Navy PARM develops product model data for government furnished systems.  

· Ship Alteration (Modernization).  Plans are developed to modernize a portion of the ship. The Planning Yard (and associated ILS department) develops product model data for the ship and systems under contract.  The Navy ISEA develops product model data for government furnished systems.  

The product model data, in both processes, is authored and developed as illustrated in Figure 6 below.  The design, engineering, and production data must first be defined before logistics and support data can be developed.  Traditionally, design and engineering data is defined to the level of form, fit, and function.  Logistics and support data incrementally extends his information, based upon the selection of a particular OEM part.  Technical publications incorporate both types of data.


Figure 6: Author/update product model data

The two data exchange/update use cases of interest are: 

· Updating Logistics and Support Data.  Design, engineering, or production data is changed or updated, necessitating a change or update to logistics and support data.  Examples include:

· New equipment is added, requiring a logistics and supportability analysis

· Equipment is modified, resulting in new logistics and support requirements

· Equipment is deleted, removing logistics and support requirements

· Updating Technical Publications.  Design, engineering, production, logistics, or support data is changed or updated, necessitating a change or update to the Technical Publication.  Examples include:

· Equipment is added/modified/deleted, requiring changes to functional description, parts lists, illustrations, repair procedures, troubleshooting procedures, warnings, and drawings

· Logistics data is changed, requiring changes to parts lists, illustrations, repair procedures, troubleshooting procedures, warnings, and drawings.

· Support data is changes, requiring changes to the repair and troubleshooting procedures.
Both the ISE and PLCS product model standards contain configuration management information.   The update problem is often further complicated when the shipbuilder is trying to maintain information for a class of ships or an ISEA is maintains data for multiple versions/configurations of the same system. 
Use of Product Model Data in Ship Life Cycle 

The entire range of product model data for design, engineering, production, logistics, life cycle support, and technical publications is used during the following ship processes: 

· Ship Operation.  The startup and shutdown of every major piece of equipment and combat system is specified by a government–furnished OSS.  Training requires understanding of the associated Technical Publications.

· Damage Control.  Diagrams are provided for all spaces showing every major piece of equipment and damage control information.  

· Maintenance.  Maintenance is performed shipboard or at a depot. The procedure is defined by a Maintenance Repair Card (MRC) and may require the associated Technical Publication. Preventative maintenance is scheduled based on Planned Maintenance System (PMS) data distributed to all ships.  Work candidates with an associated list are parts are created for each maintenance action.  Several applications have also been developed to perform continuous condition assessment on key equipment.  

· Repair.  Repair is performed shipboard or at a depot, based upon the associated Technical Publication.  Work candidates with an associated list are parts are created for each repair action.

The ship processes listed above are facilitated if product model data from several domains may be accessed.  This is  illustrated in Figure 7 below.


Figure 7: Interoperability Model

The three data use cases of interest are: 

· Reference Design, Engineering, or Production Data.  User is viewing a Technical Publication and needs to reference product model data.  Examples include

· Detailed part information

· Detailed engineering information

· Specific drawings or visualizations

· Reference Logistics or Support Data.  User is viewing a Technical Publication and needs to reference product model data.  Examples include

· Availability of parts

· Specific drawings or visualizations

· Repair history

· Creation/update of a work candidate authorizing maintenance and parts order

· View outstanding work candidates filed against this piece of equipment

· View current tag-out status of system

· Reference Technical Publication Information.  User is in an application which manages product model data and needs to reference Technical Publication information.  Examples include:

· Illustrated Parts Breakdown

· Repair procedure

· Troubleshooting procedures

· Illustrations

Future work 

In this paper, we have identified the requirements to integrate and interoperate the ISE information models, PLCS model, and S1000D model.  The project will attempt to address the uses cases identified by:

· Linking ISE data to PLCS data to IETM content – associating Product Model data in the Shipbuilding AP to PLCS (ISO 10303-239) elements with IETM S1000D content elements.  How should the association be made?  What, if any, changes to S1000D and PLCS information models are required to link the content?

· Identifying potential automation to transfer product data content from ISE to PLCS to S1000D.  Can product data be used as an aid in the creation and maintenance of PLCS data?

· Identify interoperability of ISE, Product Lifecycle Support Data (PLCS) and S1000D content.  

· Identify configuration management of ISE, Product Lifecycle Support Data (PLCS) and S1000D content – what content is applicable to a particular ship or system version?

REFERENCES

1. R. Wood, T. Rando, B Gischner, J. Mays, and T. Briggs, Improving Interoperability through use of ISO 10303, Proceedings of 12th International Conference on Computer Applications in Shipbuilding, Busan Korea, August 2005.

2. R. Wood, T. Rando and K. Bates, Product Data Sharing in the Integrated Shipbuilding Environment, Proceedings of 11th International Conference on Computer Applications in Shipbuilding, Malmo Sweden, September 2002.

3. T. Briggs and T. Rando, XML Schemas for Shipbuilding, Proceedings of 11th International Conference on Computer Applications in Shipbuilding, Malmo Sweden, September 2002.

4. L. Benthall, T. Briggs, B. Downie, B. Gischner, B. Kassel and R. Wood, “STEP for Shipbuilding: A Solution for Product Model Data Exchange”, Journal of Ship Production, February 2003.

5. The Department of the Navy, The Department of the Navy Vision for the Extensible Markup Language: Using Enabling Technology To Achieve Information Management/Information Technology Goals In Support of Maritime Superiority, February 2002.

6. ISO 10303-239:2004 - “Application Protocol - Product Life Cycle Support”.

7. ISE website, www.isetools.org.
8. .

Product Model for Logistics & Life Cycle Support  (PLCS)


(STEP AP 239)





Product Model for Design, Engineering, Production


(STEP AP 212, 215, 216, 218, 227ed2 )


(ISE information models)











Product Model for Design, Engineering, Production


(STEP AP 212, 215, 216, 218, 227ed2 )


(ISE information models)








Product Model for Technical Publications 


(S1000D)











Product Model for Logistics & Life Cycle Support  (PLCS)


(STEP AP 239)





Product Model for Technical Publications 


(S1000D)











Reference Design, Engineering, or Production Data





Product Model for Technical Publications 


(S1000D)











Product Model for Logistics & Life Cycle Support  (PLCS)


(STEP AP 239)





Product Model for Design, Engineering, Production


(STEP AP 212, 215, 216, 218, 227ed2 )


(ISE information models)








Author / Update Logistics & Support Data








Author / Update 


Technical 


Publications





Author / Update Technical Publications





Reference Logistics or Support Data Model





Reference 


Procedure or Illustration





Reference Design, Engineering, or Production Data





Reference Logistics or Support Data





Reference Procedure or Illustration








1 Intergraph Corporation


2  Electric Boat Corporation


2  Electric Boat Corporation






1
5/10/2005

_1163479100.ppt






Today’s IPDE

 Landscape

Product

Model

Product

Model

Product

Model

Product

Model

Navy customer

EB/Virginia

Avondale/LPD

NG-SS/DDX

NG-NNS/CVN



CONFIGURATION MANAGER

Config Management, Area/System Management,  

Model Management, Parts Management

, Data Integrity, People and Organization, 

Connectivity, Procurement





CAD





 DATA MANAGER (Triggers, Assy Links)

DB2 - DATA BASE (Storage)

MRP

Visualization

Mgt & Control

Collaboration

Logisitics

CAM













Hangers

Joints

Cable Routing

Publishing

Pipe Bend

Lofting

Planning

Parts Modeling































2D

drawings





















ot s ——
s R === ——— |
et T
Cevvon amomie .
wrns T =
e e =
G52 o e vt =]
G5 Vst Taary =
Sk ka2 ————
ey e ot —
s rousomns b ke =
T —
G680 et een =
[ —— —
s i e b e ===
s o s
S sl e i












_1168069756.ppt






Future IPDE

Landscape

Navy customer

EB/Virginia

NG-NNS

NG-SS

GD/BIW

Product

Model

Product

Model

Product

Model

Product

Model

Product

Model



CONFIGURATION MANAGER

Config Management, Area/System Management,  

Model Management, Parts Management

, Data Integrity, People and Organization, 

Connectivity, Procurement





CAD





 DATA MANAGER (Triggers, Assy Links)

DB2 - DATA BASE (Storage)

MRP

Visualization

Mgt & Control

Collaboration

Logisitics

CAM













Hangers

Joints

Cable Routing

Publishing

Pipe Bend

Lofting

Planning

Parts Modeling



























CONFIGURATION MANAGER

Config Management, Area/System Management,  

Model Management, Parts Management

, Data Integrity, People and Organization, 

Connectivity, Procurement





CAD





 DATA MANAGER (Triggers, Assy Links)

DB2 - DATA BASE (Storage)

MRP

Visualization

Mgt & Control

Collaboration

Logisitics

CAM













Hangers

Joints

Cable Routing

Publishing

Pipe Bend

Lofting

Planning

Parts Modeling



























CONFIGURATION MANAGER

Config Management, Area/System Management,  

Model Management, Parts Management

, Data Integrity, People and Organization, 

Connectivity, Procurement





CAD





 DATA MANAGER (Triggers, Assy Links)

DB2 - DATA BASE (Storage)

MRP

Visualization

Mgt & Control

Collaboration

Logisitics

CAM













Hangers

Joints

Cable Routing

Publishing

Pipe Bend

Lofting

Planning

Parts Modeling



























CONFIGURATION MANAGER

Config Management, Area/System Management,  

Model Management, Parts Management

, Data Integrity, People and Organization, 

Connectivity, Procurement





CAD





 DATA MANAGER (Triggers, Assy Links)

DB2 - DATA BASE (Storage)

MRP

Visualization

Mgt & Control

Collaboration

Logisitics

CAM













Hangers

Joints

Cable Routing

Publishing

Pipe Bend

Lofting

Planning

Parts Modeling
































_1168251422.ppt






Information  Interoperability Roadmap

Ship Product Model Data

Ship Structural 

Envelope

Distribution 

Systems

Equipment / 

Subsystems

Life Cycle 

Maintenance

Miscellaneous

HVAC

ISO AP 227 Ed. 2

Piping

ISO AP 227:2001

Ship Arrangement

ISO AP 215:2004

Ship Moulded Forms

ISO AP 216:2003

Ship Structures

ISO AP 218:2004

Reference Data 

Libraries

ISO 15926

Common Parts 

Catalog (CPC)

Electrical

ISO AP 212:2001

Mechanical Systems

ISO AP 227 Ed. 2

Cable Trays

ISO AP 227 Ed. 2

Finite Element 

Analysis

ISO AP 209:2001

Product 

Config/ Geometry

ISO AP 203:1994

Product Life Cycle 

Support

ISO AP 239

Systems Engineering

ISO AP 233

Logistics / Spares

ISO AP 232:2002

Outfit & Furnishings

NSRP 0428:1992

Manufacturing 

Support

ISO APs 224, 238, 240

Standard Approved

Testing Framework

Deployment, integration,

testing

Standard In Work

Information Model

Prototype Translators








_1160482480.ppt






Standard Approved

Standard  Under Development

Information Model

Testing Framework

Prototype Translators

Information interoperability lifecycle

Roles

ISO

NSRP

NAVSEA

NAVAL

PROGRAM

Information interoperability

specification



Contractual

Specification

Deployment, integration, testing

Phases:

Requirements

definition

Production deployment








