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SYSTEMS ENGINEERING PROCESSES DEPLOYMENT FOR PLM M.Messaadia, M.H.El-Jamal, AEK Sahraoui* LAAS du CNRS 7, Avenue Colonel Roche 31077 Toulouse, cedex 04 (*) Also at IUT-B Université de Toulouse le Mirail. messaadia, el-jamal, [email protected] Abstract: The present paper addresses the following question: Is it possible to apply a step based on the systems engineering for the development of the product life cycle manufacturing?. PLM concerns globally the information system in product lifecycle as a support for the management processes. We propose in this paper to address the systems engineering (SE) underlying concepts to PLM and show how we can deploy systems engineering processes to model PLM processes. The key contribution is that SE being a generic approach for systems analysis and design is a comprehensive approach. Such approach t can be complementary to PLM as it addresses the systems in a free dependant technology that can be customized to PLM and also integration of new technologies. Keywords: PLM, systems engineering, traceability, processes, standards
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Introduction and problem statement



1.1 Introduction System engineering is an interdisciplinary approach which has concepts now on which it is possible to build new applications. It’s a collaborative and interdisciplinary process of resolution of problems, supporting on knowledge, methods and techniques resulting from the sciences and experiment put in to define a system which satisfies a need identifies, and is acceptable for the environment, while seeking has to balance total economy of the solution, on all the aspects of the problem in all the phases of the development and the life of the system. Systems engineering concepts for the complex problems passes by their decomposition under more limiting problems to which one can bring a solution [1]. PLM Considered as a strategic approach of management of information relating to the product, since its until definition with the phases of maintenance while passing by manufacture, the PLM (Product Lifecycle Management) represents before a whole industrial discipline. It draws its origins from the air transport airs and of defence, be extends largely to the car, electronics, pharmacy, the agro-alimentary one and touches today some rare tertiary sectors such as the bank-insurance.
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M. Messaadia, M.H.El-Jamal, AEK Sahraoui Installation of the PLM implies a redefinition of the processes and a better communication between applications heterogeneous (intern and external)



1.2 Problem statement In order to avoid any confusion, our work is not addressing at all PLM deployment but system engineering approach for PLM design integration. In this respect, our approach is on mapping systems engineering generic processes into PLM. This work is a part of a project in deploying systems engineering; we address two issues; the first one is on maintenance and the second is on PLM which is the subject in this paper: our contribution is to apply systems engineering to concepts and their customization for PLM
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PLM requirements for a methodology and various approaches



2.1 Product life cycle management More commonly referred to as PLM – is emerging as the new method for industrial companies to better manage product development and “in-service” processes from beginning to end in the product cycle. Product lifecycle management (PLM) is a systematic, controlled method for managing and developing industrially manufactured products and related information. PLM offers management and control of the product (Development and marketing) process and the order-delivery process, the control of product related data throughout the product life cycle, from the initial idea to the scrap yard. Almost without exception, the PDM and PLM abbreviations also refer to a data system developed to manage product data [2] In basic terms, product life cycle management involves the use of digital software to eliminate much of the costly trial and error that has plagued manufacturers since the industry took a step beyond the industrial revolution. Figure 1 PLM information system context
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SYSTEMS ENGINEERING PROCESSES DEPLOYMENT FOR PLM Product lifecycle management breaks down the technology silos that have limited interaction between the people who design products and the people who build, sell, and use them. Using the collaborative power of the Internet, PLM lets an organization begin innovative product design while reducing cycle times, streamlining manufacturing and cutting production costs.



2.2 What PLM is not? PLM does not include other major enterprises solutions, such CRM, ERP, and logisticsbased supply chain management. It also does not include systems supporting other major business functions, such as making and sales, distribution, human resource management, and finance. The processes are related merely to information handling but does covers the flow shop characteristics neither both the processes for developing both the production and the production systems. PLM is not systems engineering, there is no standard for PLM except data exchange standard as STEP or AP233 (emerging standard from SEDRES European project)



2.3 PLM Requirements of Innovative Manufacturers A comprehensive approach also means that many organizations and individuals must collaborate in the process. Because this collaboration spans different levels of the organizations, the solution requires seamless integration between the project information and the product information in order to allow for a coordinated, collaborative business process. The organizations and individuals are both internal (marketing, legal, advertising R&D, production, etc.) and external (testing labs, outsourced production, ad agencies, etc.). Web-Based Deployment Process Specific Tools Global Standards Centralized, Integrated Project and Product Information PLM is seen as an information systems; Product Lifecycle Management (PLM) systems control critical product information that must be shared with other enterprise systems such as ERP, CRM and SCM. Likewise, PLM systems need to leverage information that is managed in other enterprise systems. This bi-directional connection between PLM and other systems is critical to enabling a seamless flow of information among the different functional groups involved in product development, particularly engineering and manufacturing.
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The systems engineering processes



System engineering is the application of scientific and engineering efforts to: -Transform an operational need into a description of system performance parameters and a system configuration through an iterative process of definition, synthesis, analysis, design, test, and evaluation.



M. Messaadia, M.H.El-Jamal, AEK Sahraoui -Integrate reliability, maintainability, expandability, safety, survivability, human engineering and other factors into the total engineering effort to meet cost, schedule, supportability, and technical performance objectives. System Engineering is an interdisciplinary approach that: Encompasses the scientific and engineering efforts related to the development, manufacturing, verification, deployment, operations, support, and disposal of systems products and processes. develops needed user training, equipment, procedures, and data. establishes and maintains configuration management of the system. Develops work breakdown structures and statements of work and provides information for management decision making. Structure-Systems Engineering is management technology to assist clients through the formulation, analysis, and interpretation of the impacts of proposed policies, controls, or complete systems upon the need perspectives, institutional perspectives, and value perspectives of stakeholders to issues under consideration. System engineering is an appropriate combination of the methods and tools of systems engineering, made possible through use of a suitable methodological process and systems management procedures. We distinguish three levels in system engineering as illustrated in (figure2).
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Fig 2 Three levels of system engineering



The third level, system management, focuses on high level issues: high level requirements as business needs and strategic needs, project management, quality management. The second level, processes or methodologies, deals with all technical issues as systems requirements design methodologies standards.



SYSTEMS ENGINEERING PROCESSES DEPLOYMENT FOR PLM The first level, methods and tools or technologies, covers the implementation issues concerning the methods to be used, the tools needed and the required technologies to respond to the various assets of requirements as reliability costs, maintainability, enabling technologies. The purpose of systems engineering is to organize and manage information and knowledge To assist clients who desire to develop policies for management, direction, control, and regulation activities relative to forecasting, planning, development, production and operation of total systems (fig.2).
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How to model PLM process with a SE view



4.1 The Systems view In SE good practice we have the following chain Processes Æ Methods Æ Tools The processes are best described by the following EIA standards figure (fig 3); there are thirteen processes covering the management issues, the supply/acquisition , design and requirement and verification validation processes. Fig 3 : Systems Engineering Processes
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M. Messaadia, M.H.El-Jamal, AEK Sahraoui Technical management processes (three processes): these processes monitors the hall process ranging from the initial idea to build a system till the system delivering. Acquisition and supply processes (two processes): these processes ensure the supply and acquisition (and are very close to logistics) System design processes (two processes): these processes are on the elicitation and acquisition of requirements and their modelling, the definition of the solution and its logical design. Product realization processes (two processes): theses processes deal with implementation issues of system design and its use. Technical evaluation processes (four processes): theses processes deal with verification, validation and testing issues. We are working on mapping on the challenge on mapping such processes onto PLM processes in the framework of a European project. The basic idea is to have make use of the SE tools and standards to develop a customised PLM products.



4.2 PLM as an end product In designing systems and their operation there is one key aspect: separation of concern between the final product and enabling product. PLM is viewing as a subsystem which considered as a system in SE definition. In SE practice, it is made use for such difference; this is illustrated by the following figure 4 In this paradigm system is decomposed initially into the end product (the operating system itself and the enabling product) all product that enable the production testing the deployment the support of the end product. The end product is at this time decomposed into subsystems, then each subsystems are decomposed into end product and enabling products and such refinement process will follow until we obtain elementary parts or component on the shelf (COTS); this is illustrated in figure 5



Fig 4 product and enabling products structuring



S y s te m



O p e r a tio n a l P r o d u c ts • • •



End P ro d u ct



D e v e lo p m e n t P r o d u c ts



E n a b lin g P r o d u c t S e ts



Test P r o d u c ts



T ra in in g P ro d u c ts



D is p o s a l P ro d u c ts



C o n s is t s o f



S u b s y s te m



S u b s y s te m



P ro d u c tio n P r o d u c ts



D e p lo y m e n t P ro d u c ts



S u p p o rt P ro d u c ts



SYSTEMS ENGINEERING PROCESSES DEPLOYMENT FOR PLM PLM; is seen as the end product concerning the information system; the refinement is carried out in the same paradigm as separation of concern illustrated by the following figure 5 Fig 5 Systems development structure
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We can see in the above figure (figure5) that some subsystems or and products are refined and some others are not refined as they exist all ready or available, for instance a PC computer is an end product that don’t need to be refined since it is a cots system [7].
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Towards a systems engineering framework for PLM



5.1 The need for a SE Framework Today, PLM encompasses significant areas of process. It’s not just program and project management processes. It is also the processes required to manufacture the product or plant, operate it in the field, and dispose or decommission it at the end of its useful life. PLM solutions help define, execute, measure, and manage key product-related business processes. Manufacturing and operational process plans are also now viewed as an inherent part of PLM. Processes, and the workflow engines that control them, ensure complete digital feedback to both users and other business systems throughout each lifecycle stage.



M. Messaadia, M.H.El-Jamal, AEK Sahraoui It is intended to develop a systems engineering framework based on requirements of PLM processes and SE good practices; we will be sing Se Standards to propose an operational framework.



5.2 Why the need for SE deployment and types of deployment Systems engineering deployment is often seen as generalising systems engineering practice; however, such deployment can be carried out just by generalising such practice but to identify initial processes used in systems design before applying SE practice. We distinguish many deployment types: -customising SE processes -Mapping SE processes -Adapting SE to specific applications as manufacturing, building services, banking etc Effectively these types are related by choosing the deployment paradigm. Customising SE Processes: this customising process look at each SE process, for example requirement process, and we try to enable such deployment by identify initial need for requirement for such application or range of applications types. For a business process, requirement process will may not need specific formal methods for modelling the requirements. Mapping SE processes: here we need to identify the application processes and then doing a mapping process to process Adapting SE process to industrial application : here we know the application as manufacturing application for example and we just adapt the SE to the specific needs in matter of processes to such application; this will be illustrated in PLM in part 5.3 An initial approach for a deployment methodology: after ad-hoc attempts for SE deployment, we prone to establish a methodology for SE deployment. We use three types of deployment depending of the nature of the application. For such purpose, we have to characterise the application among the set of applications as: -manufacturing -building -financial/business -critical systems The steps that need to be addressed are: -Identify main attributes of the application -Hierarchical/strategic needs -Planning and analysis -Implementation -Verification of the deployment process



5.3 A case study on prototyping a PLM product with virtual manufacturing technology We adopt the customizing approach for deployment for virtual manufacturing and focus on PLM. We try to apply such framework for a virtual manufacturing project by enhancing PLM processes as enabling product in the following lifecycle. A companion paper is addressing the requirement evolution in such framework



SYSTEMS ENGINEERING PROCESSES DEPLOYMENT FOR PLM Fig 6 Enterprise-based life cycle phases Assessment of Opportunities
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During the second phase (investment decision), a physical or functional prototype can be developed to understand a solution so that determination can be made whether to continue with the development and so that project plans are produced in preparation for transition to system development. For competitive developments, a bid or no bid can be determined and a proposal can be developed, if necessary. During the third phase (system concept development), an advanced technology prototype can be developed, including one sufficiently operational to assess performance and cost factors and to identify and reduce critical risk factors. The fourth phase (subsystem design and pre-deployment) produces a pre-production prototype, which will be used for verifications and validations and acceptance by the acquirer, and required production volume of end products and enabling products for deployment or installation. The last phase (deployment/installation, operations, support, and disposal) is where the system products are deployed or installed for operation and various operational, maintenance, and disposal support provided, as required. During this last phase, reengineering is often necessary to keep the products competitive and useful. If needed, the processes of this Standard are applied while using the appropriate engineering life cycle phases [7].



M. Messaadia, M.H.El-Jamal, AEK Sahraoui Figure 7 Vision of PLM by SE Factory
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Conclusion and perspectives An overview about system engineering deployment has been presented; such deployment has been focused on PLM. Future work will be on setting up a methodology for SE as to choose which type of deployment to be used depending on the application.
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