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An efficient management of the actual production systems oeeds a combined consider ation of the maintenance and production constraints to define the strategies to be im plemented. We propose a modelling form of these systems allowing this coupled analysis. Our presentation focuses on the non deterrninist aspects of the phenomenon which intervene on these systems.

INTRODUCTION

Any manufacturing plant can be divided into two groups usually distinct: production and maintenance departments. The production department is, obviously, directly influenced by many factors, sucb as machine capacity, loading process policies, machine breakdowns and maintenance operations. However, scheduling problems often assume ùninterrupted availability of machines such that jobs can be processed at any time during this ùninterrupted period. This assumption is seldom valid in reality but most of analytical models neglect the corresponding processes. Finally, when these phenomena are taken into account, breakdowns and mainten ance operations are often considered as "disturbing" events. So, pr o duction and main. tenancc are regarded as two aotagonist functions, each of them having different interests with respect to the working progress. Note that some works exploit this situation: preventive maintenance operations slow down the deterioration of machines wbile the whole production activities affects its characteristics [START_REF] Feichtinger | The Nash solution of a maintenance-production differentia .l game[END_REF].

A "contract" mu st be established between both departments. For example, when production requires a level A of availability, the corresponding maintenance latitude is A .This margin can be used by processing x % of corrective actions and l-x% of preventive actions (the x choice is based on cr iteria including economic aspects). A negot iation is needed with production to set and implement this strategy, production resources having to be accessible to carry out preventive maintenance operations.

Finally, a co-operating mode will help to define management and maintenance strategies, each of them integrating the constraints of the other and the ef f e cts of its implementation. An efficient belp when elaborating the corresponding strategies is to design and to engage hybrid models allowing to consider both points of view. These models will be used in predictive evaluat ion.

Our presentation deals with these aspects. The pap er is divided into three sections.

We first resume the analysis situation and we give the main characteristics whicb have to be considered. We present the worldoad diagrams in the second section and emphasize on distinct features of the representation. We illustrate this modelling and the corresponding analysis principles using an optimisation application.

1-SITIJATION

A simplified form of a "production mission" is the realisat ion of a manufacturing order which can be resumed as the manufacture of a certain amount of parts in an allotted tinte with a certain required quality level and fixed economic conditions [START_REF] Noyes | Objectifs de production et Fonction Maintenance : Modèles d'analyse[END_REF]. In fact, the firts three these mission attributes can be expressed as weel in tenns of cost It is often the final expression of mission accomplishment and evaluation of the reached ob j ectives. Only the first three attributes are directly accessible to production by analysis of physical measures. The q quantity and t delay attributes are generally linked with simple relationships (for example, production of q=300 parts in t=S days). Figure 1 shows an illustration of the q(t ) function.
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� rime ât The curve (a) represents the theoretical production. The curve (b) represents the practical considered function, using a weighting factor s. This security factor (s<l ) intervenes as a direct multiplier of q (q.s) or t ( t.1/s). This coefficient s enables to integrate the effects of possible risks in prevision. Estimation of s often results of know-how and experience of the operators. The grey curve represents the effective production. The end of the production order may be foreseen in a time period <i t taking into c-0nsideration the effects of some risks (and the incomplete knowledge of the system behaviour ) . Sorne .financial penalties may affect the service if a delay appears when c arryi.n g out the production order. These penalties may be directly linked with the current order or indirectly with the loss of future orders resulting from a customer unsatisfaction. Severa! works have been concemed wit h performance analysis of production systems. Only few of them have used models which consider explicitly the relations between production and maintenance departments (Paté-Comell, et ail., 1987) ... More often. these works deal with particular pr oblems and specific situations.

Sorne aspects have to be considered when defining models integrating botb production and maintenance point ofview.

-First, the mode! must allow to describe the effects of the main concurrent processes intervening on the system and influencing its behaviour. On the machine ground, these processes will express the effects of the loading strategy (resource engagement), running strategy (resource driving and failure process), maintenance strategy (preventive and corrective actions), ... For example, in j ust in time m, production constraint s relative to resource availability will be better specified when expressing: 1 ) the effective machine availability at the time it is required to treat the pr o duction order, 2 ) the probability to rely on the machine during the requirement period. -FinaUy, the mode! must take into accou nt the particular dependencies between production and maintenance (Lee, el al/., 1989). Bach de partment manages its ow n resources (material and human means), but maintenance resources are specifi c since they are applied on product ion ones which consequently depend on them. In other respects, human mcans of both functions may be shared (Total Productive Maintenance case for instance).

We present in the two next sections some mathematical tools and simulation methods to describe the effects of mai ntenance policy, machine unreliability, processing time variability, ratio of preventive maintenance time to processing time, ... and to develop useful measures of performance.

2-AN

A L YTICAL MODEL Among the tools aUowing an analytical modelling (probability theoty, stochastic proccsses, we present some developments bascd on markovian models representing the production systems. Our choice, dependent on the own characteristics of the considered processes, is linked to calculation capabilities of the state graphs and the aptitude of these charts to fi t the markovian hypothesis. We can find these rates in the simplified representation of a production mission (Figure 3). Let us recapitulate the mode! aptitude to integrate the situations to be analysed.

-State graph just expresses the competition between the main processes interacting on the system. The direct influence on the interactions bctween these processes can be expressed in the mode) (for instance, one can study the influence of the prevention actions by correlating the event rates of the corresponding samples according to the given dependencies.

-Most of structural characterist ics can also be easily integrated in the mode! through more details in the rate events (figure 4):

. addition of arcs bet ween states to represent other processes related to new events like failure due to preventive maintenance (y2) , . creation of new states to distinguish for example electrical and mechanical failures (states C2 and C3).

-The markovian hypothesis (process evolution considered as independent of the past of the process) is not always verified in production system treatrnent Sorne considered event distributions are not exponential. We noticed it is the case when dea]ing with failure rate (rather increasing with time) or repair rate (rather decreasing with time). To face this problem, we use the fi ctitious states method w h icb allows through introduction of some intcnnediate artificial states to simulate the various forms of distribution encountered (Laprie, 1975) (De Carvalho, 1991). Cost structures can be superposed on the mode) in order to evaluate the production/maintenance strategies but also to optimise the relevant parameters. The introduced costs can be connected to the events goveming the system (for instance: failure cost related to transition toward failed state) or be rime dependent (for instance: intervention cost per hour related to time spent in the state). The economical measures, representative of the maintained system running can thus be estimated from the mode! [START_REF] Pérès | Outils d'analyse de performance pour stratégies de maintenance dans les systèmes de production[END_REF].

Let us give an industrial example of this approach to optimise a strategy according an economical point of view.

We consider an elementary mechanical parts worlcshop. We focus on a specific unit downstream two production machines. The unit is a 5D machining centre having a specific palletizing system. Sometimes, this machine appears as the worlcshop bottleneck according to the effective load of the plant. lt has an increasing failure rate, justifying preventive operations. The analysis is intended to evaluate the frequency of the preventive actions. 

CONCLUSION

The work presented in this paper concerns the product ion system performance as it appears in a plant by combining production and maintenance aspects. The problem approach using state graphs pr esents many advantages in building models for analysis. These models are well adapted to reproduce a situation shared by production and maintenance dcpartments. They allow to rcpresent the joint imponant processes : solicitation/response, failure/ repair, and inspection/revision and to express efficiently the dependencies effects between them.

The economical measures which can be obtained from these models represent a consistent help to guide th e production and maintenance managers in optimising strategies. Howcver, the rcsults established in the last section must be considered as an attempt to employ state graphs in the aim of optimisation. Wo. rk must now be twned toward the rcpresentation study of complex systems and, in particular, the correlation with plant production management
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 1 Figure 1. q(t) function example.

-

  is the case of the failure and repair processes dependant on many factors such as: machine characteristics, operator exper ience,... lt is also the case of prev e nt ive maintenance actions in which the intervention time distribution and the effective duration of the actions are associated with non deterministic processes. This phenomena is particularly pronounced when one takes advantage of a corrective action to carry out a global inspection of the stopped resource. -The mode) must then integrate the time horizons specific of the identified processes. Preventive and corrective maintenance interventions are governed by processes with similar dynamics (frequency and duration of the events are roughly on the same order) but their effects are on two distinct time scales. C-Orrective actions have a real time schedule. Planning of preventive maintenance is based on a middle tenn period, the expected gain being moreover delayed until modifications of nature and frequency of the futures failures can be noticed. The actions of production result of a long term planning for the master production schedule, middle term planning for scheduling and real rime for the tasks in-progress.

  Figure 2. Basic workload diagrams of a production machine The transition rates between states correspond to the frequency of event occurrence making the system change of state. They can be expressed on severaJ ways: as a tirne unit function, as a pa rt number function, ... More often we consider the number of transitions per time unit. W e introduce in the model the following rates : solicitation rate (a), response

Figure 3 .

 3 Figure 3. Detailed view ofq(t) functionTwo transition rates, namely µ and 13 (repair rate and slope of q(t) or number of parts made per time unit), can at least influence the system evolution from a failure state or after a repair action. With regard to µ, the failure nature and the repair process characteristics have a direct influence on the down time (1/µ). Relating to 13, the repair quality can affects the slope value q(t) (Aj3=0: same performance rate than before failure, Al3<0: performance rate lower, .113>(): higher rate (resource amelioration after r e pair).The running rules ensuing a forward-looking estimation delay t, can modify the value of 13 (through programmed increase or decrease of the production pace leading to a variation Al}). The failure process (rate À) can be influe. nced by changes on the resources solicitation.Whe. n expressing the failure rate against the production rate : ,JI}, mission reliability R(t) can be expressed on other unit than rime as a function of the part number continuou sly produced, that is to say R(p). ConsequentJy, one can determine size batches to guarantee their continuous treatment (quality insurance requirement IS 9002-9003) or at least, be aware of the incurred risk of a mission interruption affecting the homogeneity of the in process batch treat mentThe model can represent in the proposed form the machine engagement according to a Kanban or MRP strategy through simple adaptation of the a and 13 rates, whioh can be associated to a single part production or a batch production. Merging W and R states leads to classical reliability models suited to bottleneck machines analysis in an OPT strategy or to the fl ow pushed machine analysis.

  Figure 4. Extended workload diagrams
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 5 Figure 5. Workload mode! with fictitious states.
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 6 Figure 6 shows the F curves related to five cases in which cl .. lcu (cost unit), c2=1.5cu, c4 = lcu for each of the fivc cases and c3= 2u, Seu, Seu, l lcu and 14cu in the respective Sl, ... ,S5 simulations. The plots correspond to globo.! cost variation (or F values) against interval inspection y.As it is shown on the plots, the frcquency variations of the preventive actions evolve in a ratio of 1 to 4 relative to this data set According to the preventivc actions, the failure rate Â. often dccreases while the maintenance rate µ grows (Vesely, 1993), increasing the noticed effects.