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Problem statement

In the field of industrial systems, the continuous control of system performances is one of the major key to ensure enterprise competitiveness and to face economic issues, particularly in automotive sector, context of this Ph.D. work. In manufacturing industry, system performances can be related both to the production system itself through its feature and operating condition and the product/service it is delivering. This respectively correspond to the effectiveness/efficiency of the machining centre (e.g. productivity, availability) and the quality of the machined part (e.g. dimensional variation, surface roughness).

According to Renault postulate, degradation at component level can considerably affect the quality of the machined part, in spite of periodic maintenance policy. Health state of each component (individual view) could be seen not critical for the component itself but combination of these degradations could lead to deviation of the product parameter. Moreover, product quality deviation is often resulting from the combination of degradation of several system components [START_REF] Cocheteux | System performance prognostic: Context, issues and requirements[END_REF]. Then, to preserve quality of machined part, operators have to reconsider machining parameters. In automotive sector, machining centre plays a central role in the production systems and are the target of the proposed study. Hence, the development of an anticipating strategy based on the control of the quality of machined part from the machining centre degradation constitutes a real challenge. Currently product quality control is performed by statistical approaches, such statistical process control (SPC) policy. These techniques are performed after the part machining (without anticipating strategy). The insufficiency of machined part quality produced a loss of production time in reconfiguration of the machining parameters, tool change and treatment of the non-conformed machined part. It is resulting an important direct and indirect costs.

In addition, even if maintenance plans deployed are solving the degradation or failure that may occur (machine point of view), maintenance actions are not optimal regarding to the impact they have directly on the product features.

Research question

To face the integration of these two types of performances, considered usually as isolated, few approaches are proposed. For example, [START_REF] Colledani | Performance evaluation of production systems monitored by statistical process control and off-line inspections[END_REF] search to estimate machine performance through SPC techniques, but do not tackle the limit caused by sampling inspections. [START_REF] Bhuiyan | Monitoring the tool wear, surface roughness and chip formation occurrences using multiple sensors in turning[END_REF]) demonstrate a relationship between acoustic emission and surface roughness, then vibration emission and tool wear, during machining. [START_REF] Jain | Quality Control Based Tool Condition Monitoring[END_REF] consider the relation between wear of the cutting tool and the machined surface roughness. Nevertheless, most of the resulting models proposed are component-oriented with difficulties to obtain performance at the machine level, i.e. considering the interaction of several components. Moreover, they are usually specific to an application case [START_REF] Lee | Prognostics and health management design for rotary machinery systems-Reviews, methodology and applications[END_REF], [START_REF] Lu | Study on prediction of surface quality in machining process[END_REF]). Thus, current integrated approaches underline limitations in terms of (a) the consideration of the performance at the system level and not only at component one, and (b) the maintenance plan optimization to keep acceptable product performances from maintenance action on a component and to enhance machine availability before non-quality occurred.

Consequently, the research question addressed to our study is the following: Is it possible to develop a formalized and efficient approach to control the performances (and their deviations) of the machined part directly from the control of machining centre performances (and its degradations)?

Proposed framework methodology

The main result expected by using such approach is to be able to obtain a good product as output by controlling the machine performances. To face this issue, contribution of this first year of Ph.D. work is to consider an integrated approach of these both types of performance leading to a proactive strategy by the monitoring of component degradation (thus machine performance) to anticipate product performance evolution. Main steps of a methodology emerge (i) functional and dysfunctional analysis, (ii) development of health state and performance indicatorscurrent and forecast trend, allowing (iii) decision making aid suggested to operators. The context of this work is centred on a machining centre but in order to extend this approach to other machines diversity in manufacturing process, the developed methodology have to be generic. First step consists in the formalisation of the interactions and causal relationships between functions performed by machining centre (at the component and system abstraction level) and the flows produced and consumed by each of these functions. The interesting flows are product, energy, information, knowing that each flow is composed by objects (e.g. part occurrence for the product flow) and each flow/object is defined by properties (e.g. geometry). The relationship between functions (supported by components at field level) and flow modification is the key concept on which the approach is based. The formalisation step can be supported by SADT analysis coupled with system theory rules [START_REF] Iung | Using probabilistic relational models for knowledge representation of production systems: A new approach to assessing maintenance strategies[END_REF]. Moreover, some pattern can be developed regarding generic function classes (e.g. linear displacement, rotation movement, clamping) and be instantiated by each system through their own specific organizational context (e.g. environmental, structural, maintenance policy, production policy).

Then, consequences identification of deviations of each property related to flows/functions or component degradation need to be described. Potential cause of the deviation of output flows properties is the deviation of input flow and/or the degradation of the component. For example, deviation of displacement properties produced by a linear axis can be caused either by the degradation of the component / system supporting the function such as rolling element bearing or ball screw, or by the deterioration of electrical energy (input flow). Deviation of an output flow will become the cause of the deviation of the next output flow function [START_REF] Medina-Oliva | Root cause analysis to identify physical causes[END_REF]. The trend of the deviation is influenced by the environmental context (e.g. temperature, humidity) and organizational context (e.g. maintenance and production policy, competencies of the operator) of the system. Identification of the causal relationship between different abstraction levels of the system leads to the definition of the main performances indicators of the machine components and the machine itself which influence the part performances (e.g. vibration of bearing spindle as performance indicator of spindle that impact the surface quality or the form of the machined cylinder block). It also contributes to associate performances indicators with key levers of performance (impact definition). This analysis is necessarily oriented on items involved in cylinder block quality (help by the use of maintenance and SPC reports). Such analysis can be performed by a coupling between FMECA, FTA and HAZOP studies [START_REF] Medina-Oliva | Root cause analysis to identify physical causes[END_REF].

The second step consists in the formalization of the relationships between component degradation on the others at the same abstraction level (horizontal consideration), or component degradation to the subsystem and machine performances (vertical consideration). Each of these relationships can be supported by semantic rules. Then, influences of performances indicators of different abstraction levels of machining centre (e.g. bearing of feeding axis or displacement of cutting tool, on the dimensional deviation or surface roughness of the machined cylinder block) can be assessed by means of aggregation techniques [START_REF] Rizzolo | Aggregation of Health Assessment Indicators of Industrial Systems[END_REF]. Instantiation of this model by data acquisition allow to assess the current health state of the system and so the system and the product performances.

Finally, the forecast of the trend of performance indicators on machine allows to propose to the operators a window of opportunities/actions to perform the tuning of machine parameters e.g. feed rate, cutting speed, or to replace a component for anticipating deviation of cylinder block quality (proactive strategy). Assessment of the impacts of such proposed actions concludes an optimisation phase (multi-criteria decision). Optimisation is guided on the manufacturing business model through direct and indirect costs of maintenance, product cost and/or production time, safety …

Developments of the methodology on the case of GROB machining centre

We propose, in the following section, to illustrate the first steps of this methodology on an application case. The framework of this study is on the machining process of engine cylinder block (Fig. 1). A major element of a machining centre corresponds to the electro spindle (Fig. 2), particularly regarding our application case oriented through two-spindle machine type, machining centres GROB BZ560 and GROB G520 (Fig. 3). Also, electro spindle is directly involved in the machining process by the holding of the cutting tool and thus involved in the product quality. Electro spindle corresponds to a complex system composed by electromechanical elements. It consumes energy (e.g. electrical, hydraulic and pneumatic) and material (e.g. lubricant, part) flows. These flows can be characterised by attributes representative of the performance of the function. Functions performed by electro spindle can be designated as To rotate cutting tool (supported by an electrical motor system), To clamp cutting tool (supported by a clamping system). These functions are involved in machining process and play a central role in the product quality.

Regarding especially To rotate cutting tool function, input flows can be the cutting tool itself, characterized by length, material properties and useful time, and electrical energy, characterized by current and voltage. Output flow can correspond to the generated rotary movement which properties are torque, speed and spatial location conditioned by the machining process requirements and cutting tool wear, with geometry properties. Deviation of an input flow such as inopportune shutdown of electrical energy will lead to the deviation of the output flowdecrease of torque and speed -and directly have an impact on the machined part quality through the dimensional aspect and the surface roughness. In the same way, abnormal vibrations on the rolling element bearing (failure mode) will affect radial amplitude of cutting tool position (deviation of spatial location) and cause cutting tool wear and surface roughness on the machined part. A consequence of the degradation of the rolling element bearing is an increase of the electric motor torque and thus, electric current. This latter is then able to represent an early indicator of rolling element bearing degradation. Detection of deviation or degradation mechanism shall be realized by relevant indicators at element and/or system level. Then, it can be necessary to build indicator at higher abstraction level to identify the root causes of abnormal functioning. System indicator can be the result of fusion or aggregation of lower abstraction level indicators. The choice of relevant indicators is motivated by two factors: availability of the information, generally obtained from direct or indirect observations, and relevance regarding the need of the maintenance operators, i.e. there is no interest to propose an obscure indicator the operators will not understand and then not use.

Conclusion and perspectives

The research proposal, resulting from the first year of a Ph.D. work, examines an integrated consideration of the machining performances and product performances. It allows to isolate some issues and limits for achieving real integration as requested by the RENAULT context (Cléon factory). So, to face some of these issues, main phases of an integrated methodology are investigated in the frame of GROB machining centre manufacturing RENAULT cylinder block. Next action is to finalise all the models and algorithms required to support each phase, and to deploy them on a tool usable by the operator on site. Finally, due to its important cost impact and its interactions with the machine, another challenge is to consider the cutting tool as a product of the machine centre, leading to control its performances e.g. wear, breakage, from the control of machine centre performances.
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