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1. Introduction

A data model covering all product data and information needs for Design for Environment (DfE) of rail vehicles (trains, trams) has been designed by the project RAVEL (RAil VEhicLe eco-efficient design). The data model is referred to as the RAVEL information platform [1]. 

RAVEL is a Brite EuRam project partly (50%) financed by the European Commission. The participants in the RAVEL project are ABB, Adtranz, Chalmers, DSB, GEP, KU Leuven, , SJ and Woodville Polymers. For more information please visit the web-site of the project [2].

The RAVEL project started in November 1998 and will end in October 2001. 

The RAVEL project develops a methodology, together with web-based software tools with a knowledge base to enable improved eco-efficiency of train vehicles for the entire rail industry, including suppliers and sub-suppliers, manufacturers, operators, and scrappers.

The environmental performance of the rail vehicle is considered from a life-cycle perspective, i.e. the environmental performance indicators cover resource use, emissions, waste generation, toxicity, energy use, recycling, etc. expressed in terms of design aspects like choice of material and e.g. properties of a supplier of components.

The RAVEL information platform is a standard data structure for data storage and data communication of DfE for rail vehicle design. It is intended for software and information systems development.

The data and information needs for DfE for rail vehicles include

· a knowledge base consisting of purchaser and designer guidelines

· good examples of rail vehicle designs

· help for the users of the web-based information system

· definition of eco-efficiency indicators for the rail design

· targets for design projects

· material and component lists for rail vehicles

· environmental and economical life cycle data 

· etc.

The identification of the rail vehicle DfE data and information needs and the design of the data model for the RAVEL information platform were performed in the RAVEL project during 1999 and 2000. The work started with a thorough investigation of the user requirements at especially Adtranz, SJ, DSB and Woodville Polymers in 1998. In early 1999 a first draft RAVEL information platform was developed during a three days workshop consisting of experts from Adtranz, GEP, KU Leuven, ABB, and Chalmers (figure 1).  The system architecture for the RAVEL information system was sketched during the same time, from identification of anticipated and required functionality, prototype designs, and a specification of the scope of the information system (figure 2). In the beginning of 2000 the specification of the RAVEL information was sufficiently well known to finalize the RAVEL data modeling in a few months of efficient work. 

The data model is expressed as a relational database schema and an EXPRESS model.

2. The Scope of the RAVEL Information platform

The RAVEL information platform includes all data and information necessary for a systematic DfE process for rail vehicles, considering e.g. material contents of the product, life cycle assessment (LCA) data [3],[4], life cycle cost (LCC) and environmental design advice. 

The scope can be described in two ways; in terms of which information to provide (the information platform) and in terms of the scope of the information system called the RAVEL workbench. The two will be described in the following.

2.1. The RAVEL information platform
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Figure 1. High-level model of the RAVEL information platform, including major concepts and information areas. 

Figure 1 shows a high level model of the information platform data model based on the analysis of user requirements from Adtranz, Woodville Polymers, SJ and DSB. The model includes the main concepts of the information platform, and it provides a key to describe the overall RAVEL methodology and the functionality of the RAVEL information system and the software, the RAVEL workbench. 

The numbers in figure 1 represent; 1. Project management data, 2. Basic database including environmental data about products, described as design indicators, 3. Knowledge base including guidelines and help system, 4. Project target including quantitative goals for a design, 5. Information and data to configure tools supporting the RAVEL methodology and the design activities, e.g. target setting and assessment of a design. 

From figure 1, one may derive that a rail vehicle design (5. Design) is made within a project (1. Project), that a design is related to a general product (2. Product), that a product has environmental properties called indicators (2. Environment, Indicator) and that quantitative results of the design indicators may be compared with the project target (4. Project target). Project targets may be set for each project (5. Target setting). The knowledge base provides knowledge, guidelines and help to the user during all tasks of the DfE process (3. Knowledge system).

In the following all five information platform elements are presented individually.

1. Project management

Projects are described with sufficient detail so that a more comprehensive project description may be found outside of the RAVEL information platform. Users are identified so that different user profiles can be set, and so that different roles can be assigned to different users, e.g. designers and project managers. 

2. Basic database

Products may be described from a number of different viewpoints that are relevant to DfE. Any component can be hierarchically constructed and decomposed into an arbitrary depth of lowest level materials. The deepest depth is defined by the RAVEL material list, a user configuration describing materials for which environmental properties may be described. 

Except for enabling the hierarchical modeling of components up to full rail vehicles, it is also possible to describe the linkage between different assembled or joined sub-components, e.g. whether they are glued, welded, adhered on surface, etc. to each other. 

An arbitrary number of different product life cycle scenarios can be ascribed to any material or component, e.g. a cradle to gate scenario based on an actual component provider, a generic cradle to gate scenario, a general full life cycle scenario, or different use phase or end of life scenarios. 

The life cycle scenarios may consider any life cycle modeling necessary to evaluate the eco-efficiency of a rail vehicle, as described by e.g. life cycle assessment (LCA) according to ISO 14040 or life cycle cost (LCC). It is a free choice to decide whether the RAVEL methodology should include a detailed LCA or LCC assessment for each design assessment, or whether aggregated LCA or LCC values should be assigned to materials and components. 

The basis of the material and component data modeling has been mapped and copied from the SPINE data model [5][6][7].

3. Knowledge base

The knowledge base of the RAVEL information platform allows for structuring of four different types of documents; texts in text-fields in the database of the information platform, arbitrarily formatted electronic documents in the same computer environment as the RAVEL information platform, arbitrarily formatted electronic documents in other computer environments, and references to paper copies such as library books, files or reports. 

All documents in the knowledge base, regardless of their location, can be contextually related to any part of the rest of the information platform. A user wanting to know more about, e.g. a composite found in the basic database may find all documents not only within the database of the RAVEL information platform, but also in e.g. physical libraries within the actual organization or anywhere else that the database maintainer has provided a reference to.

4. Project target

The project target is a small part of the RAVEL information platform, but it is crucial. It makes it possible to store the design target that must be met for each component level of the rail vehicle. The overall target may be set by the customer already during the call for tender, and it may be adjusted during the design project. The overall design target may be broken down into sub-targets so that designers of e.g. the break system need not to take into consideration dimensions of the target that is not relevant for their task, or so that the different sub-component designers can be made responsible for different shares of the overall target. 

5. Tools supporting the RAVEL methodology

The scope of the RAVEL DfE methodology includes all processes from the procurement stage at the railway operator, throughout the design at the vehicle manufacturer, and upstream to sub-suppliers of components for rail vehicles, etc. The tools included in the RAVEL methodology for these different users are different software for managing the data and information in the database(s), as well as assessing the eco-efficiency performance based on indicator-values of a design. The software also enables comparison to target and presentation of contextually correct documents from the knowledge base. 

The RAVEL information platform is designed so that it should be possible to design many different software tools for different users and tasks, as well as to store different types of software configuration data within the platform.

2.2. The Scope of the RAVEL Information System - the RAVEL workbench

In the RAVEL project plans, the RAVEL information system was called a workbench, the RAVEL workbench. This name refers to a software system with a user interface for many different DfE purposes. During the project the RAVEL workbench has been designed as a web-based information system, with a well-defined database structure (the RAVEL information platform) and information environment and with the possibility to easily design different user interfaces for different users, tasks and organizations. This possibility to further develop the workbench stresses the need to define the scope of the information system, i.e. what is included with the workbench and what is not included, and how to exchange data between the RAVEL information platform and its data environment.
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Figure 2. The scope of the RAVEL information system - the RAVEL workbench.

Figure 2 describes the scope of the RAVEL workbench [8]. The RAVEL knowledge system, the RAVEL function dictionary, the RAVEL basic database and the RAVEL data dictionary are all parts of the RAVEL information platform. Within the definition of the RAVEL workbench are also tools for accessing the correct documents from the knowledge system (agents), tools to support target setting, to measure design performance, and tools to sketch simple abstracts of DfE models of train vehicle designs (picasso). 

Project management and the real design of the vehicle is not made with tools provided by the RAVEL workbench, since those tools already exists within the organizations where the RAVEL workbench will be used, and are better developed by other competencies. Instead the workbench and its information platform is designed to match with its neighboring information systems by e.g. having space for addresses and identifiers to projects and project members, and design drawings. The workbench could however offer support for administrating DfE responsibilities. 

The RAVEL workbench is also designed to handle information from outside of its scope, by importing necessary information from other tools, e.g. material and component structures from CAD and PDM systems, and life cycle data from LCA or LCC tools. The general strategy and principle to enable such import is the data model and the structure of the RAVEL information platform. By having a clear and concise structure within the boundaries of the RAVEL information system, it is possible to unambiguously define the mapping from any other well-structured information system. In figure 2 the 'strippers' should be understood as different software modules importing parts of the information from other files or databases through such well-defined mapping schemes that are defined specifically for each different external data source. 

The principle for the scope of the RAVEL workbench can be summarized as that it consists of information management tools for the intersection of all information necessary to perform a comprehensive DfE of a rail vehicle. However, it does not include any of the tools that are necessary to produce intermediate results e.g. LCA, LCC, DfD  (Design for Disassembly). If suitable tools of such kinds do not exist elsewhere, the RAVEL information platform allows for them to be added, and is designed to store the required information.

3. Modeling languages

It should be possible to develop industry standards from the results of the RAVEL project, as well to make use of standards and standard technology for the implementation of the RAVEL workbench. It was therefore decided that the RAVEL information system should be based on well-established technologies with independence from specific vendors.

The information platform was first designed as a relational database structure (ANSI SQL) [9], so that anyone implementing the workbench should be free to chose any of the different relational database systems available on the market. The actual implementation for the prototype system developed in the project was based on Microsoft Access, since that made it easy and economical when distributing files describing the database definition. An upscale to any other relational database system (ORACLE(, Sybase(, SQL Server( etc.) is a matter of configuration for a specific industrial computer/software environment. 

In addition to describing the information platform as a relational database schema, special effort was made to also describe the model in the EXPRESS language (ISO 10303)[10]. This effort was assisted by the Norwegian EXPRESS consultant agency EPM. The choice to define both a relational database structure and an EXPRESS model was based on the understanding that it will be necessary both to have a vendor-independent solution for the database structure, and another vendor-independent definition for the data communication within the system and with its data environment. The EXPRESS modelling effort was made with the original intention to make use of standardised part libraries in the STEP standard, but it was soon found that such an ambition was well beyond the scope of the research and development project RAVEL. It was therefore decided that the effort should be focussed only on describing the relational schema using the EXPRESS syntax.  

This choice led to that the current EXPRESS model of the RAVEL project is not object-oriented but relational. This has an immediate benefit when mapping between communication files and the relational RAVEL information platform, since a mapping towards the EXPRESS model also is mapping towards the database definition. However, due to the differences between object oriented and relational paradigms, it may also introduce difficulties when mapping towards object oriented data structures. The differences between the relational and the object-oriented paradigms are most apparent in regards of identification of data sets and sub-sets. Whilst the object-oriented paradigm has an implicit referential identification of objects (is, has, etc.) the relational paradigm use primary keys and foreign keys for the same type of identification. This difficulty was noted, but a further development of a full object-oriented and STEP-compliant specification of the data communication formats is left for future efforts in ISO/TC 184.

During the project, the data model has been implemented and used in the form of a relational database. It has been tested both in regards of how well the model fulfils the needs of DfE for rail vehicles (as the web-based RAVEL workbench) and in terms of how well it is suited for communicating data from tools external of the RAVEL workbench. The tests and the prototype are very promising and there is also a clear interest for the industrial partners of the project to start using the result in their operational DfE work.

4. Domain compatibility and SPINE

The RAVEL workbench is designed to work for many different users and to be compatible with many different tools in many different working-environments. It supports the train operators' call for tender, the manufacturers' assessment of a conceptual design and relationships with sub-suppliers, as well as the detailed design and the final reporting of the environmental performance to the customer, the train operator. The different tools that the RAVEL workbench is designed to work with are e.g. LCA tools, materials selection tools, black and gray lists, LCC tools, CAD tools, and PDM systems. The RAVEL information platform is designed to be compatible with these different environments through its EXPRESS data model. By having the open and well-defined RAVEL data model including all necessary information items, it is possible to match any external file format with relevant data to the information platform and to design translation software for the data communication. Thereby enabling compatibility between tools. 

In this way the RAVEL data model does not require any specific data structure in the tools that support a systematic DfE, e.g. LCA, LCC, DfD, etc. It does however require open formats and models and rely on the mapping between open formats used in external tools onto the explicit and open structure of the RAVEL information platform. In this way, by supplying an open model of the information platform the project result enables that anyone with sufficient modeling competence can map the data from other necessary tools available on the market, with only a reasonable effort.

For the LCA-part of the RAVEL Information platform, the SPINE (Sustainable Product Information Network for the Environment) has been used [5][7]. The SPINE model has been practically tested and industrially applied since 1995. SPINE is also the initial contributor to the standardization of ISO 14048, an LCA data documentation format [4], which is based on the LCA standards in the ISO 14040-series [3]. 

5. Conclusion and further development

The tests that have been run within the RAVEL project show that the RAVEL information platform is a good solution for handling environmental product data as well as other supporting information for a DfE process. It is also likely that the general approach that has been considered during the development will make the data model useful also for DfE in other industrial sectors. Contacts with various organizations have shown that there is a wide interest for this type of solution outside the RAVEL project and the railway industry.

The project will hand over the results towards a standardization effort, firstly for wide spread usage within the rail sector but also, in e.g. ISO/TC 184 in order to make the information platform data model a STEP-compliant solution. In this way the future maintenance of the model will be ensured at the same time as a smaller DfE-specific part could be needed to complete the STEP parts libraries.

It is of great importance that commercial software vendors find a business interest in the development of tools for the RAVEL methodology, and that the software are also compatible with the RAVEL information platform. Such tools may be software for material selection, LCA, LCC, DfD, etc.

At the moment the RAVEL workbench is tested in different situations within the RAVEL consortium. These tests will be followed by demonstration and verification sessions within the industrial member companies of RAVEL. The tests will lead to more requirements and demands on how to make full use of the RAVEL information platform. However, it already looks promising, this new way to manage industrial DfE projects.
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