Tarek Askri 
  
Zied Hajej 
  
Nidhal Rezg 
  
An Optimal Integrated Maintenance for Multi Parallel Workstations Under Returned Products

Keywords: Production and maintenance planning, preventive maintenance, minimal repair, Service level, Multi parallel leased machines, returned products Asymmetry Coefficient. c o : Overtime cost c n : Cost of unused normal time c h : Inventory cost. M p : unit preventive maintenance cost M c : unit corrective maintenance cost 2) Problem description

published or not. The documents may come   L'archive ouverte pluridisciplinaire

I. INTRODUCTION

Random Failure, random demand, availability and reliability of equipment's are considered among the uncertainties that influenced on the production and maintenance policies of manufacturing systems. Facing these uncertainties, the companies choose a policy of collaboration and cooperation with other enterprises. In this context, the leasing is considered as a best solution in term of cost since more industries have preferred leasing rather than owning it. [START_REF] Pongpech | Optimal periodic preventive maintenance policy for leased equipment[END_REF] shows the importance of the leasing and presented the causes of equipment leasing that the cost of purchase of new equipment is increasing.

Concerning maintenance while leasing equipment, [START_REF] Yeh | Optimal number of leased periods and maintenance policy with threshold value on age for leased equipment[END_REF] considered a mathematical formulation for a maintenance policy characterized by a minimal repair in the case fails of equipment. When the equipment age spreads a certain threshold value, an imperfect preventive maintenance is approved. Finally, they illustrated the effects of the number of lease periods and the maintenance strategy on the total cost by a numerical example. Recently, [START_REF] Chang | Joint determination of lease period and preventive maintenance policy for leased equipment with residual value[END_REF] proposed an analytical study and a numerical example in order to obtain the optimal maintenance policy and the length of the lease period by showing the impact of the optimal lease period and the maintenance strategy for profit model. Concerning production and maintenance optimization of single or multiple manufacturing machines, [START_REF] Kenne | Simultaneous control of production, preventive and corrective maintenance rates of failure prone manufacturing system[END_REF] proposed and minimized a mathematical model of manufacturing system of numerous identical workstations and subjected to reparation periods, in order to control the production level and the reparation date. [START_REF] Nkeungoue | Simultaneous control of production, preventive and corrective maintenance rates of failure prone manufacturing system[END_REF] minimized a total production and maintenance cost for production system of various workstations considering the failure prone manufacturing system. [START_REF] Hu | Optimality of hedging point policies in the production control of failure prone manufacturing systems[END_REF] treated the optimality of a production system using the hedging point policy which the machine failure rate be determined by the production level. [START_REF] Rezg | Joint optimization of pre ventive maintenance and inventory control in a production line using simulation[END_REF] proposed a jointly stock and maintenance optimization in a production system of numerous machines.

This work is the continuation of [START_REF] Medhioub | A stochastic production planning optimization for multi parallel machine under leasing Contract[END_REF] and [START_REF] Zied | A production planning optimization for multi parallel machine under withdrawal right[END_REF] works. [START_REF] Medhioub | A stochastic production planning optimization for multi parallel machine under leasing Contract[END_REF] dealt with a production scheme contains numerous similar workstations which has to meet a random demand respecting a certain service level. The objective is to determine the optimal production plan characterized by the optimal number of machine, facility time and inventory levels. [START_REF] Zied | A production planning optimization for multi parallel machine under withdrawal right[END_REF] deals the same problem of [START_REF] Medhioub | A stochastic production planning optimization for multi parallel machine under leasing Contract[END_REF] considering the influence of the returned product by the market on the optimization problem. In our work, we propose a production and maintenance strategies where the production rate depend to the returned products and the maintenance strategy be determined according to the economical production plan where the degradation of equipment is influenced by the variation of production rates. Consequently, an optimal combination of workstations amount, manufacture level, and inventory levels is proposed to meet the random demand under facility level. A maintenance strategy is developed to establish the optimum number of preventive maintenance actions for all leased machines by minimizing the total maintenance cost.

This paper is planned as follow: Section II proposes the methodology followed and discusses the mathematical model of production system by presenting the different costs. Section III presents a simple numerical example and gives the results. Discussions are proposed in section IV.

II. PRODUCTION AND MAINTENANCE FORMULATION

A. Production Planning 1) Notations H. ∆t : finite production time horizon. ∆t: production period δ : rate of returned product .
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3) Problem formulation

The decision variables of the stochastic model are the number of leased machines and the production rate 
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Where the relation (1) describes the cumulative equation of inventory for each period k take into account the quantity of returned product. The constraint (2) represents the product amount returned from the market after a specific deadline. The equation (3) computes the production rate at each production period depending to the work times of each workstations and the production quantity of each machine. The service level for each period is given by the constraint (4). The constraint [START_REF] Kenne | Simultaneous control of production, preventive and corrective maintenance rates of failure prone manufacturing system[END_REF] defines the upper and lower number of leased machines at each production period. Finally, the last constraints ( 6) and ( 7) define the upper and lower bound of normal and over time work variables.

B. Analytical Study

In this section, we proposed an analytical study in order to simplify the expected total cost by transforming our stochastic problem to a deterministic corresponding problem. The mean variables are following:
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And the variances:
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We can obtain the simplified cost:
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The difficulty of solving this stochastic problem optimization requires us to converted the chanceconstraint characterized the service level to equivalent deterministic problem that preservers original properties.
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C. Maintenance Planning Problem

Considering the developed production planning, we are able to determine the maintenance strategy which allows minimizing its total cost. We assumed in the maintenance strategy a preventive maintenance action with minimal overhaul practiced in periods (h×T) (h= 1, 2 ...).

Assuming that the times of repair and replacements are negligible, the aim of the maintenance strategy is to determine the optimal number of preventive maintenances N * that minimize the total cost as well as the minimal preventive maintenance interval. The relationship between N * and T * is given by: ( )
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Assuming that the machines degradation is linear and the failure rate is increased according to time and production level.

Dealing with multiple leased machines, the evolution of the equipment failure rate is presented as follows:
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Where:

( ) n t λ represents the nominal workstation failure rate ik p represents the quantity of product for workstation i at period k ( )
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max u is the maximum production rate of a workstation ( )
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C is a binary variable presented as follows:

1 if workstation i has been used during period k-1

0 if no ik C = ⎧ ⎨ ⎩
The total maintenance cost is formed by two cost functions related to preventive and corrective maintenance actions and is expressed as follows:
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For the preventive maintenance cost is given by the unit maintenance cost multiply by the number of machine on which the maintenance will be applied.

We assume that preventive actions should not be performed on all machines used in period j.T * but only in machines used at last in q periods with 1 2

2 i f T q i f n o ≤ ⎧ = ⎨ ⎩
The second part of total maintenance cost is the corrective maintenance cost where ( ) An T represents the average number of failures until the last preventive action and considering the periods j∈ {1, 2, .., N T } and during the last periods ∈ {N T+ 1 , N T+ 2 , .., H }.
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Using the models described in previous section, a numerical example is presented to determine the economical production plan and the optimal maintenance strategy. The production horizon H is equal to 5 periods and the length of each period ∆t is equal to 25 days duration. with σ d =1. For the maintenance strategy, using the results of the production planning, the maintenance scheduling can now be improved with M p = 500 mu and M c = 2000 mu The machine number vector with these production inputs and considering δ=0.1 (optimal value of returned products) is illustrated as follows: M k =(7,8,7,7,8)

We assume that the nominal failure rate function follows a Weibull distribution given by: 1 ( )
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With these parameters α=2 and β=100.

According to the units costs of preventive and maintenance actions, we obtained the optimal preventive maintenance interval T * as well as the optimal number of preventive maintenance actions N*. From figure 2, we can conclude that the optimal preventive maintenance interval is equal to T*=2 where we obtain the lowest maintenance cost that equal to ϕ(T*)=28000 um. And in this case, we can apply two preventive maintenance actions (N*=2);

IV. DISCUSSION

According to the results given in the previous section, we can note that more the interval between preventive maintenance actions is high more the maintenance total cost is increasing. In fact, the machines to which preventive actions are not applied are more subjects to breakdowns. Then, expensive corrective actions are applied. Otherwise, in the case of applying preventive actions more frequently, it also leads to increase the total maintenance cost.

V. CONCLUSION

This study presented a stochastic production and maintenance planning problem for a numerous leased workstations. To satisfy the random demand and minimize the costs of production and maintenance, we establish a best combination between the variation of machines number, the production rates (as well as normal and over time planning of work) for each leased workstation, the inventory level and the returned products and we determine the optimal strategy maintenance characterising by the optimum number of preventive maintenance actions for all leased machines by showing the impact of production rates on the degradation degree of equipment's and consequently on the average number of failure.
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  total production cost considering: the leasing cost; the installation and removal cost where the number of the machines varied from period to another; the cost of overtime work based on a binary variable θ k that equal to 1 when the quantity of demand at production period k surpasses the production quantity and all used machines M k work with upper bound normal time and equal to 0; the cost of inventory and unexploited capacities cost, is defined as follows:

Fig. 2 .

 2 Fig. 2. Total Maintenance cost according to T

Table III :

 III 1, is constant for all periods and the initial inventory level S 0 =0. The other data are given in sequence. Normal work time planning of each workstation
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