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Health and safety of human operators in production systems is tightly linked to overall work system design. Welldesigned production systems must grant adequate allowances to operators, to cope with the variability of predictable work situations, whether normal or not. In this article, time allowances concept is presented from two standpoints: industrial engineering and occupational risk prevention field. This is followed by an introduction of a new time allowances indicator. Combined with an agent-based simulation model, this indicator can be used to assess time allowances in a given work organization during its design process. The proposed model integrates worker's fatigue, learning and reliability as relevant human factors. To uphold the article proposal, three production system configurations are investigated: a classical production line designed based on Ford work paradigm, a cellular configuration with autonomous breaks, inspired from Volvo Uddevalla plant and finally, a hybrid configuration: cellular with planned breaks. The simulations showed that cellular configuration with autonomous breaks grants to operators the time allowances they need to carry out their work in appropriate conditions and good productivity in comparison with the other plant configurations.

INTRODUCTION

In Europe, production operators still represent the socioprofessional category most affected by occupational diseases (European Agency for Safety and Health at Work, 2010). Musculoskeletal disorders, sensory organs diseases and neurologic diseases are examples of the most frequent occupational diseases in industry. To improve the workers' safety and health, it is necessary to grant more attention to these aspects during the production system design phases [START_REF] Caputo | AHP-based methodology for selecting safety devices of industrial machinery[END_REF][START_REF] Directive | 89/391/EEC of 12 June 1989 on the introduction of measures to encourage improvements in the safety and health of workers at work[END_REF]. Unfortunately, operators' health and safety integration in the early manufacturing operations design and analysis is not straightforward [START_REF] Jade ; Jensen | Human Factors in the Management of Production[END_REF]. As a matter of fact, the reviewing of the literature shows that working conditions are poorly considered during the design phases. It is hard to have a perfect match between what is imagined during the design phases and what is actually happening when real activities are deployed in the shop floor (Fadier and Ciccotelli, 1998). Whereas, one of the challenges of preventing from occupational risks consists in designing systems that are as adapted as possible to the future occupational activity of human operators. Due to this gap between what is conceptual and what is real, designing safe systems is still a challenge. To enhance work system design accuracy, it is advisable to take into account the variability of work situations. To achieve this, one of the approaches consists in giving operators the needed allowances or margins of maneuver to cope with work elements variations. This operational flexibility in a given work system and particularly, a production system is directly affected by its design. External parameters such as workstation layout, work pace or buffers levels affect the operator's activity. These parameters are specified by the system designers. Despite the complexity of operator's behavior regarding the allowances given to him and how these ones are used to regulate work activity, the work system designers must at least determine the appropriate characteristics of workshop ensuring the prerequisites of work allowances.

Moreover, adequate allowances are paramount for work system safety. According to [START_REF] Lanfranchi | Explicative models of musculoskeletal disorders (MSD): biomechanical and psychosocial factors to clinical analysis of ergonomics[END_REF], allowances deficit can lead to several psychosocial risk factors such as lack of visibility, monotony and overloaded work situations. Epidemiological studies showed a strong correlation between these factors and occupational diseases such as musculoskeletal disorders. Moreover, allowances in work systems are affected by the whole system workflow and its dynamics. It's admitted that allowances deficit is an unfortunate result of an overall work system anomaly [START_REF] Coutarel | La prévention des troubles musculosquelettiques en conception: quelles marges de manoeuvre pour le déploiement de l'activité?[END_REF]. Consequently, it is important to proceed following a holistic approach when setting up allowances. In addition to safety aspects, adequate allowances is a good indicator of work system compatibility, i.e. adequacy between social (human operators) and technical (production resources) sub-systems [START_REF] Genaidy | The work compatibility improvement framework: an assessment of the worker-work environment interaction in the manufacturing sector[END_REF]. Such compatibility should improve thr overall system performance. Thus, in this article we propose a simulation-based approach for time allowances assessment during production system design phases. Using simulation can help the designer to integrate dynamic and stochastic elements causing variabilities in the analysis. Moreover, upstreaming the future work done by operators in the design process using simulation is one of the ergonomic principles that favor preventive occupational health and safety for future users [START_REF] Bellemare | Ergonomie et conduite de projets[END_REF]. This principle can also be found in standard EN 614-1 (European Committee for Standardization, 2006), which extends the so-called "Machinery directive" 2006/42/EC (European Commission, 2006) that sets out the core of machinery safety standards.

To address this topic, the present article is organized as follow: section 2 introduces time allowances concept and several related works. Section 3 introduced a new time allowances indicator with integration of fatigue, learning and reliability. Section 4 describes the method used and details the simulation model developed. The Section 5 presents the case study. The last section is for further discussions, concluding remarks and providing few future research directions.

DEFINITIONS AND RELATED WORK

The concept of allowances has been addressed from the point of view of two scientific disciplines: ergonomics and industrial engineering. In each discipline, this concept was considered differently. Yet, they proposed complementary contribution regarding allowances deployment in work systems.

From engineering point of view

In engineering, the concept of allowances is tightly linked to work measurement and particularly to standard times. As described by (1), time allowances is an addition to normal time T n , intended to provide the worker with:

 the opportunity to recover from the psychological and the physiological effects of carrying out specific job under specified conditions (relaxation allowances);

 small amount of time to meet legitimate and expected items of work or delays (contingency allowances).

Normal time represents the time needed to process a task in normal conditions. T s designates standard time set for task processing. For special reasons such as training, machines' setups and production change over, specific allowances may be also granted. Company policy may also induce specific allowances due to employer-union agreements.

(1 )

n s T A T  (1)
To determine time allowances for a specific job, several methods are proposed in the literature. Prior works proposed empirical methods for time allowances determination regarding a specific job. In [START_REF] Cornman | Fatigue allowances: a systematic method[END_REF], a basic yardstick is proposed by considering a set of ten factors that affect fatigue (Table 1). The proposed method suggests analyzing a job and quantifying the levels of these factors. [START_REF] Cornman | Fatigue allowances: a systematic method[END_REF] gives a detailed description of each degree. The points attributed to each factor are then summed and converted into percentage of time for allowances. Beside the fatigue allowances, personal and unavoidable contingencies allowances must be studied separately and are specific to the work organization as argued by [START_REF] Cornman | Fatigue allowances: a systematic method[END_REF]. Somehow similar to Cornman's, another method is proposed by [START_REF] Page | Determining fatigue allowance[END_REF]. The method gives a list of allowance factors to be assessed. Position, weight and particular environment conditions are examples of these factors. However, the method lacks clear definition regarding factors qualification, providing only qualitative quantifiers (poor, very poor, delicate…). This makes difficult its consistent application in workplaces [START_REF] Lund | Determining fatigue allowances for grocery order selectors[END_REF]. In the other hand, the International Office of Labor (ILO) in his most recent publication (Kanawaty and International Labour Office, 1992) proposed a very complete method for allowances determination. One advantage of the ILO method is its capacity to provide both, clear definition of each factor -as is the case with Cornman's method -and operational definitions which is a characteristic of Page's. Like Cornman's method, the points attributed for each factor are then summed and converted into allowances percentage. ILO tables are given in appendix A.

Apart these pedestal contributions, recent works didn't attribute fair attention to allowances. Instead, analytical approaches to set work standards such as job rotations and breaks duration with consideration of system productivity (throughputs) and fatigue are proposed. Muscular fatigue models (El ahrache and Imbeau, 2009) and biomechanical load assessment systems such as OCRA [START_REF] Occhipinti | OCRA: a concise index for the assessment of exposure to repetitive movements of the upper limbs[END_REF] and REBA [START_REF] Hignett | Rapid Entire Body Assessment (REBA)[END_REF] were used to determine the maximum endurance time and to set the work standards.

Regarding rotations, [START_REF] Michalos | Dynamic job rotation for workload balancing in human based assembly systems[END_REF]) presented a dynamic model for rotations scheduling that balances workload with consideration of fatigue, travelled distance, operators cost and task repetitiveness. [START_REF] Michalos | The effect of job rotation during assembly on the quality of final product[END_REF] investigated the link between rotations and productivity by considering that worker reliability is dependent to muscular fatigue and task repetitiveness. [START_REF] Carnahan | Designing safe job rotation schedules using optimization and heuristic search[END_REF] proposed a genetic algorithm for job rotation which aim to minimize the Job Severity Index [START_REF] Liles | The application of the job severity index to job design for the control of manual materials-handling injury[END_REF]. Regarding breaks, [START_REF] Jaber | Modelling worker fatigue and recovery in dual-resource constrained systems[END_REF] proposed a mixed-integer linear programming model which minimizes the weighted sum of nonproductive time and muscular fatigue. [START_REF] Jaber | Incorporating human fatigue and recovery into the learning forgetting process[END_REF] proposed a mathematical model to investigate the interaction between, fatigue, learning, breaks and productivity. Finally, [START_REF] Givi | Modelling worker reliability with learning and fatigue[END_REF] integrated worker reliability by considering it dependent to worker fatigue and learning. The model proposed were used to investigate several worker's break policies.

Nevertheless, breaks are a specific part of time allowances. Other elements related to this research topic still need to be addressed.

It is important to be able to assess actual allowances in given work system and their adequacy with what should be granted to recover not only from fatigue, but also, to cope with work situation contingencies and delays. Moreover, reducing fatigue to muscular exhaustion may lead to fatigue underestimation. The paper's proposal aims to provide answers regarding these shortcomings.

From ergonomics point of view

From the point of view of ergonomics, especially the French speaking practitioners, allowances or margins of maneuver are global concepts that can be seen as a work philosophy. According to [START_REF] Durand | Relationship between the margin of manoeuvre and the return to work after a long-term absence due to a musculoskeletal disorder: an exploratory study[END_REF], allowances consists in giving the operator enough flexibility and freedom to develop different ways of working. This allows him to face variations in work situation and to meet the work demands without compromising his health. This approach has been for several years a strong lever for preventing physical and psychological risk factors [START_REF] Coutarel | La prévention des troubles musculo-squelettiques: quelques enjeux épistémologiques[END_REF][START_REF] Lanfranchi | Explicative models of musculoskeletal disorders (MSD): biomechanical and psychosocial factors to clinical analysis of ergonomics[END_REF].

The allowances provided in a work system depend on multiple dimensions such as the collaboration within the work organization, the flexibility of working procedures and also involve the worker's personal dimension [START_REF] Durand | Relationship between the margin of manoeuvre and the return to work after a long-term absence due to a musculoskeletal disorder: an exploratory study[END_REF]. As a matter of fact, the approach by which these allowances are used by the operators in a work situation do not depend totally on the work system design. The way the worker perceives the possible deployment of his activity through training, relations with his colleagues and relations with the management affect these allowances. Moreover, the allowances are not fixed margins, they are dynamic and depends on the workflow in the system, and how operators regulate their activities. Therefore, it is difficult or even impossible to foresee these situational allowances and their adequacy with the work situation variabilities [START_REF] Coutarel | Marge de manoeuvre situationnelle et pouvoir d'agir : des concepts à l'intervention ergonomique[END_REF].

Seeing as an extension of the initial concept, methods for allowances deployment in work systems form engineering point of view were proposed. [START_REF] Lux | FMEA and consideration of real work situations for safer design of production systems[END_REF] proposed to use Failure Mode Effects Analysis (FMEA) to establish allowances regarding the work procedure by considering reasonably predicted abnormalities. [START_REF] Savin | Digital human manikins for work-task ergonomic assessment[END_REF] addressed the possibility to use simulation based on Digital Human Models to assess the amplitude of human operator movements and set accordingly, the spatial allowances needed. Similarly, this research work aims to apply similar approach to address time allowances using simulation.

PROPOSED MODEL FOR TIME ALLOWANCES

ASSESSMENT

In this section, the model used for time allowances description is detailed. Section 3.1 introduces an indicator to assess time allowances. The section 3.2 presents mathematical models for fatigue and learning and their integration in working sequence model.

Time allowances indicator

Time allowance gives the operator the opportunity to regulate his work activity and to cope with production hazards and variabilities including his own variabilities such as fatigue and processing time variation. To introduce an allowance indicator, a task processing model is needed. As shown in Figure 1, we propose to model a task processing using a set of phases which compose a work sequence. Eventually, processing a task can follow several possible work sequences. Depending on the task nature, different phases may be considered. In general, for a simple work sequence, a task can be processed following a Get, Put , Process, then Get and Put phases (Figure 1). The proposed model gives a comprehensive integration of both, workstation layout parameters and human factors. For instance, the location of incoming parts affects the Get phase duration. Visibility affects the worker reaction time due to eye travel, causing delay in work sequence engagement. In the other hand, human factors may also affect these phases. For example, repeating the work sequence will undoubtedly cause fatigue rise. Worker experience has a substantial effect on processing phase duration. Hence, the proposed model can be used to predict variation of work sequence completion time T sq . Then accessing time allowances needed to cope with these variations should be straightforward. For this purpose, as shown in Figure 2, two main parameters are introduced: The proposed model shows that time allowances in a given work situation depend, on one hand, on external workload (time between two job arrivals). On the other, they depend on task completion time. Using the parameters DA, RT, time Allowances Indicator (AI) is defined as follow:


1 ()

n n n n sq i DA RT AI Ti     (2)
The parameter RT n at n th task processing depends on the previous cycles due cumulative effect of earliness or lateness. Hence the division by the sum of sequence completion times T sq . Moreover, having a negative parameter RT indicates that the operator is not able to perform the task within the cycle time implied by the workflow. In this case, the operator should have the possibility to delay the next job (delay allowance DA). The parameter DA depends on the workplace layout design such as buffers capacity, conveyors length and speed. It represents the time needed to fill the buffer zone of the resource used to store incoming parts or products received at the workstation. The expression of the parameter DA is given by (3): max (

).

n n n DA S S MTBA  (3) 
The parameter S max designates the storage capacity of the resource receiving the moving entities (parts, products, workflow item…). The parameter S n designates the number of parts or products already stored when processing the task n. MTBA designates the Mean Time Between job Arrivals events, computed dynamically using (4):

( ) ( 1) 1 1 1. A n A n n n TT MTBA MTBA n n          (4) 
Where T A (n) is the n th job arrival date. Based on the indicator AI introduced, risky work situations can be identified: when RT is negative with a parameter DA which does not allow the possibility to delay the next work cycle, pressure as risk factor may be experienced by the worker. This is indicated by AI having a negative value. Beside possible delays, operator should also have allowances to recover from fatigue (relaxation allowances). Assessing these special allowances is based on fatigue modeling as detailed in the next section. 

Integrating fatigue and learning

Time allowances are extra-amount of time intended to cope with variations in work situations. Beside external workflow variation, variations related to human factors must be considered. These factors are worker's performance shapers [START_REF] Baines | Towards a theoretical framework for human performance modelling within manufacturing systems design[END_REF] and can affect worker's capacity to respond to the work demands.

Fatigue and learning are among these factors. They are considered relevant in repetitive and manual tasks which are usual in Factories.

Modeling worker's learning

The concept of learning is very large. It includes, knowledge, techniques apprehension, deftness and reflexes acquirement.

Modeling learning was addressed by many researchers and practitioners including industrial engineers, ergonomists and psychologists using what is called "learning curve". Several models have been proposed among them, Wright Learning Curve model [START_REF] Wright | Factors Affecting the Cost of Airplanes[END_REF], Learning-Forgetting-Learning model of [START_REF] Carlson | How much does forgetting cost[END_REF] and Learning-Forgetting Curve Model (LFCM) developed by [START_REF] Jaber | A comparative study of learning curves with forgetting[END_REF]. These models establish the relation between processing time and the experience of the worker expressed in terms of units processed. The LFCM is considered a generic model which matches with a wide variety of experimental results [START_REF] Jaber | Incorporating human fatigue and recovery into the learning forgetting process[END_REF]. It can be used to predict the effect of worker experience on "Process" phase duration as described below:

1 .( 1) b n n PR PR u    (5)
PR 1 is the Process phase duration time corresponding to the first execution (unexperienced worker). It is dependent to the nature of the task. An approach for PR 1 estimation consists in using Predetermined Motion Time Systems [START_REF] Genaidy | The validity of predetermined motion time systems in setting production standards for industrial tasks[END_REF] to establish normal time, then to find PR 1 by qualitatively estimating the level of experience u needed to reach normal time.

PR n is the process phase duration of the n th task. The parameter u n is the experience reached when processing the task. The parameter b is calculated using equation ( 6):

log( ) log(2) LR b  (6)
Where LR is the learning rate measured in percentage. Three classes of learning levels are considered: slow (LR=0.9), medium (LR=0.8) and fast (LR=0.7). The term u n is given by the following expression:

  1 1 / 1 / 1 1 1 ( 1)
.( 1)

n n f b f b n n n n u u s u            (7)
The initial conditions are: u(n=1)=u 1 =0 . The parameter f n-1 represents the forgetting rate. The parameter s n-1 represents the number of units that could be produced between the n-1 th and n th task processing. Both f n-1 and s n-1 are respectively given by ( 8) and ( 9):

1 1 1 (1 ) log( 1) log(1 / ( 1)) n n n b b u f D t u         (8) 1/(1 b) 1 1 1 1 1 1 1 . ( 1) ( 1) b n n n n b s dt u u PR                   (9)
The parameter dt n-1 refers to the break duration between the n-1 th and n th processing. D is the time for total forgetting, t(u n-1 +1) is the time needed to process u n-1 +1 task continuously:

1 1 1 1 0 ( 1) . . n u b n t u PR y dy        (10) 
The next section details the fatigue model used in this paper.

3.2.2.

Modeling fatigue Several fatigue models are addressed in the literature. These models give an evaluation of the fatigue based on heart rate (de la [START_REF] De La Riva | Methodology to Determine Time Allowance by Work Sampling Using Heart Rate[END_REF], energy expenditure [START_REF] Garg | Prediction of metabolic rates for manual materials handling jobs[END_REF][START_REF] Murrell | Human Performance in Industry[END_REF] and muscular exhaustion [START_REF] El Ahrache | Percentile values for determining maximum endurance times for static muscular work[END_REF][START_REF] Erik Mathiassen | Prediction of shoulder flexion endurance from personal factors[END_REF][START_REF] Garg | The effect of maximum voluntary contraction on endurance times for the shoulder girdle[END_REF][START_REF] Jaber | Modelling worker fatigue and recovery in dual-resource constrained systems[END_REF][START_REF] Monod | THE WORK CAPACITY OF A SYNERGIC MUSCULAR GROUP[END_REF][START_REF] Rohmert | Ermittlung von Erholungspausen für statische Arbeit des Menschen[END_REF][START_REF] Rose | Endurance time, pain and resumption in passive loading of the elbow joint[END_REF][START_REF] Sato | Endurance time and fatigue in static contractions[END_REF]. Regardless the nature of the models given, almost all of the contribution suggest an exponential variation of the fatigue index. In this paper, it is assumed that fatigue varies exponentially as described by ( 11):

  . . 1
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F i denotes the fatigue index. The parameters w i designates the worker state between t i and t i+1 (dt i = t i+1 -t i ). This parameter is equal to 1 when worker is processing a task, 0 if the worker is idle or in break. The parameters λ p and μ are respectively the fatigue rate at phase p of the work sequence and recovery rate after performing the whole task. To determine fatigue and recovery rates for a specific job, the allowance tables provided by ILO are used (Kanawaty and International Labour Office, 1992).

After assessing the levels of fatigue stressors in the task, the function f s (Equation A.1) is used to calculate nominal time allowances as given by ( 12) :

1 S p S ps s A f l          (12)
f s is constructed by linearizing ILO conversion table (Table A.3) that convert the number of points attributed to stressors in a job (or a work sequence phase) into a percentage of time for allowances. S is the total number of the stressors considered to assess a work sequence phase. The parameters l ps is the number of points attributed to a stressor s.

To determine the fatigue rate in a work sequence phase, it is assumed that fatigue accumulation is dependent to the levels stressors which are correlated with time allowance calculated using the previous equation. By estimating working time leading to total exhaustion (expert opinion, individual forms, experiment…) and inversing the fatigue model function, fatigue rate can be estimated using ( 13):

1 1 .ln( ) p p fb f A T             (13)
Where T fb is time to first break: time when discomfort due to fatigue start to be experienced after a continuous work is performed. 1-δ f is pseudo fatigued state. This parameter is introduced as the fatigue index can never reach 1. Similarly, by considering that .T fb will lead to total recovery and by inversing the rate model, recovery rate can be estimated using ( 14):

1 1 1 . 1 .ln( ) f fb r T A             (14) 
The parameter δ r fatigue index value for a pseudo-recovered worker. It should have a very small value close to zero as fatigue index can never reach 0. is the nominal time allowances for the hole task, given by ( 15):
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The parameter is the average work sequence completion time, m p is the phase average completion time.

Worker reliability

The benefits from managing fatigue in workplaces exceed far away working condition improvement and may have a positive effect on productivity. By contrast, excessive fatigue affects worker reliability leading to product quality decrease. According to [START_REF] Akinci | A formalism for utilization of sensor systems and integrated project models for active construction quality control[END_REF], 50% of product's reworking are related to human errors. In general, Human Error Probability (HEP) depends on worker's capability, experience, task complexity and the work environment [START_REF] Michalos | The effect of job rotation during assembly on the quality of final product[END_REF]. In [START_REF] Givi | Modelling worker reliability with learning and fatigue[END_REF], HEP was modeled using the level of fatigue and level of experience. Similarly, in this paper, we consider fatigue and learning as main factors affecting reliability. The framework given by Human Error Assessment and Reduction Technique (HEART) [START_REF] Kirwan | The validation of three human reliability quantification techniques -THERP, HEART and JHEDI: Part 1technique descriptions and validation issues[END_REF] is used to construct an analytical expression of HEP as detailed in (16):

    ( 1). 1 . ( 1). 1 . b i f i l i HEP s F s u HEP       (16) 
The parameter s f and s l are respectively the fatigue and learning effects on the HEP. F i and u i are fatigue index given by ( 11) and worker experience given by ( 7).

designates the nominal task error probability. The HEART method provides empirical data to set as given by Table 2:

Table 2 HEART generic tasks classification [START_REF] Kirwan | The validation of three human reliability quantification techniques -THERP, HEART and JHEDI: Part 1technique descriptions and validation issues[END_REF].

Generic task

Proposed nominal human unreliability (5 th -95 th percentile bounds) (A) Totally unfamiliar, performed at speed with no real idea of likely consequences 0.55 (0.35-0.97) (B) Shift or restore system to a new or original state on a single attempt without supervision or procedures 0.26 (0.14-0.42) (C) Complex task requiring high level of comprehension and skill 0.16 (0.12-0.28) (D) Fairly simple task performed rapidly or given scant attention 0.09 (0.06-0.13) (E) Routine, highly-practiced, rapid task involving relatively low level of skill 0.02 (0.007-0.045) (F) Restore or shift a system to original or new state following procedures, with 0.003 (0.0008-0.007) some checking

Based on the several models proposed above, the following section details the proposed method for times allowance assessment in production system during its design phases.

PROPOSED METHOD

According to [START_REF] Neto | A simulationbased evolutionary multiobjective approach to manufacturing cell formation[END_REF], simulation is an appropriate tool to consider performance of manufacturing systems at earliest design stages. It is a commonly used technique for manufacturing system design and manufacturing operations management. It helps designers to overcome the system complexity and doesn't require explicit mathematical model to predict the system behavior [START_REF] Negahban | Simulation for manufacturing system design and operation: Literature review and analysis[END_REF]. In simulation, the investigation of the system under study is achieved through its behavior imitation. To investigate allowances in a work organization, dynamic and stochastic aspects of manufacturing systems should be integrated. Flow simulation is one of the adapted techniques to achieve this. Simulation uses random variable generators to imitate stochastic events in the system. Such technique is often used for trial and error approach to design [START_REF] Banks | Handbook of simulation principles methodology advances, application and practice[END_REF][START_REF] Pidd | Computer Simulation in Management Science[END_REF] and helps the designer to compare and evaluate several configurations during the design process. Nevertheless, constructing and implementing simulation models may be time consuming and expensive.

Regarding the simulation methodology, the global framework for conducting simulation is given in [START_REF] Banks | Handbook of simulation principles methodology advances, application and practice[END_REF][START_REF] Furian | A conceptual modeling framework for discrete event simulation using hierarchical control structures[END_REF][START_REF] Pidd | Computer Simulation in Management Science[END_REF][START_REF] Shannon | Introduction to the art and science of simulation[END_REF][START_REF] Shannon | Simulation: A Survey with Research Suggestions[END_REF]. There are six major steps:

1. Problem formulation and overall objectives setting; 2. Conceptual model development and data collection; 3. Implementation; 4. Model verification; 5. Model validation; 6. Experimental design, production runs and result analysis.

Simulation conceptual modeling is one of the most important aspects of a simulation project [START_REF] Robinson | Conceptual modeling for simulation: issues and research requirements[END_REF]. In the literature, several conceptual modeling frameworks were proposed such as the conical methodology [START_REF] Nance | The conical methodology and the evolution of simulation model development[END_REF], the ABCmod method [START_REF] Arbez | ABCmod: a conceptual modelling framework for discrete event dynamic systems[END_REF] and the KAMA framework adapted for space mission simulations [START_REF] Robinson | Conceptual modeling for discrete-event simulation[END_REF]. The frameworks proposed consider mainly two facets: the structure and the behavior modeling with consideration of different levels of abstraction. However, few works considered human factors integration in simulation [START_REF] Zhang | A human task-oriented simulation study in autonomous production cells[END_REF]. As a matter of fact, the flow simulation applications proposed by the main vendors on the market (ARENA, FLEXIM, SIMIO…) do not allow endowing the "operator" entity with "intelligence" to simulate allowances. This may lead to inappropriate simulation models. Moreover, using a classic process-based view leads to human involved simulation where human factors are less comprehended [START_REF] Zhang | A human task-oriented simulation study in autonomous production cells[END_REF].

Therefore, the approach chosen in this research paper is based on the development of simulation model with consideration of a multi-agent paradigm. This paradigm is identified in the literature as suited for reproducing the complexity of manufacturing systems [START_REF] Ruiz | An intelligent simulation environment for manufacturing systems[END_REF]. The model adopted is based on two complementary views: a structural view (structural model) that characterizes persistent relations between the system's entities, and a behavioral view (behavioral model) that describes how these entities behave and interact. As shown in Figure 3 the model is instantiated and run using a simulation approach, i.e. the mechanism by which the time advancement and model evolution is achieved. As an output, the simulation provides the system throughputs, times allowances and fatigue index distribution.

Structural modeling

Modeling the structure consists in defining the entities composing the production system. As shown in Figure 4, the multi-agent system chosen for the structure modeling considers three types of agents: A HumanAgent, MovingEntity and FixedEntity. The MovingEntity represents transferrable element from a fixed entity to another. It can be a physical entity such as a part, a product or a batch. It can also represent an informational entity such as specific work order regarding maintenance, cleaning or inspection. Hence, the model can also be used to assess information flow and its impact on the system performance. 5. The first procedure represents horizontal movement of the operator (walking). The second is for vertical movement (bending for example). The third procedure is for gaining control by grasping an object. The final procedure simulates object placement (for processing or evacuation). 

Behavioral modeling

To model the agents' behaviors, finite state machine theory is used. Under each state, relevant activities are modeled and simulated. Five states are considered to achieve agents' behavior modeling (Figure 7 Beside ensuring a comprehensive modeling by considering all possible states, the lifespan of each state can be captured to assess the agent performance and conduct system optimization.

Non-Active state is reached when agent is not engaged in simulation (absent worker, deactivated machine …). Structural Stopping are stoppings due to the system structure, mainly delays. Under the Productive state, the agent simulates his main function in the actual working system. Self-Stopping is a stopping state caused by the agent itself such as machine breakdown or operator taking break. Finally, Induced Stopping state is agent stopping state caused by an external event. An idle worker waiting for machine reparation is example of such as stopping.

To illustrate how this meta-model can be used, this section details the worker, conveyor and stock behavioral models. In Figure 8, worker agent behavioral model is detailed. Under Productive state, this agent simulates task processing using a work sequence.

The other states are entered if work activity conditions are not satisfied due workstation breakdown, unavailable moving entity to process or height level of fatigue if autonomous breaks are authorized. This model is run using a scan activity approach [START_REF] Pidd | Computer Simulation in Management Science[END_REF], which is one of the discrete-event system simulation mechanism.

Depending on the worker's state, the fatigue decreases or increases following the model presented in section 3.2. The update of fatigue is done periodically after ΔT period, set as a simulation parameter. Under Productive state, the fatigue increases depending on the fatigue rate of each phase. For other states, the fatigue decreases with a recovery rate defined by ( 14).

Similarly, the worker experience is updated after each process phase. The level of experience combined with the level of fatigue are used to predict the worker's error probability as giving by ( 16). The Figure 9 shows the conveyor behavior modeling. When it is under the Productive state, this agent transfers moving entities with specific speed. If the conveyor is set as a system exit, when transferred, the moving entities are destroyed following a specific pattern to simulate part departures using the procedure updateBuffer(). The same procedure generates specific moving entity if this agent is set as system entry. Similarly, the stock can be used to simulate the system entry/exit by generating or destroying moving entities following a specific pattern using the same procedure. The time between part arrivals or part departures T is estimated using (17):
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Where R is a continuous uniform random variable, F is the cumulative distribution function that governs inter-arrival or inter-departure times. F -1 is F inverse function. In the case of noncontinuous distribution, the generalize inverse function given by 18 can be used.

Model verification

To verify the model proposed in the previous section, a first confrontation with real data was conducted. The experimental bench described in the Figure 10-a is built for this purpose by the National Institute of Research and safety INRS [START_REF] Claudon | Effects of artifacts in a repetitive light assembly task on muscular activity according to age and work rate constraints[END_REF]. It is composed by a manual workstation, a feeding conveyor (ensuring a specific flow pattern) and an evacuation conveyor. Tasks were executed using a product physical model and compared to the simulation results. The fatigue and learning parameters were determined as explained in section 3.2. The levels of fatigue stressors are given in Table 3.

For the learning model, LR is set to 0.8 (medium learning rate), D (time to total forgetting) is considered equal to one month and T 1 is set to 0.9min. Regarding reliability model, S f and S l are set to 3 as recommended by HEART method, and is set to 0.025 (Routine, highly-practiced, rapid task involving relatively low level of skill).

Figure 10-b shows the simulation's configuration. The feeding conveyor serves a part each 21s. It can contain at maximum three parts. The results obtained show less than 0.50% error regarding the throughputs estimation. The simulation gave an estimation of 216 parts processed and the experiment led to 217 throughputs. Regarding human errors, both simulation and experiment predicted 19 rejected parts. The mean square error measured between the experimental allowances indicator and the simulated one is equal to 4.13. The mean absolute error obtained is equal 0.1% (Figure 11-a). Moreover, the simulation gave a good working sequence completion time estimation as shown in the Figure 11-b. In the following section, a case study is presented. The objective is to illustrate how the proposed approach for time allowances assessment during design process can enhance the quality of analysis by considering fatigue, learning and worker reliability.

CASE STUDY

The model presented above was implemented using Java Agent Development framework [START_REF] Jade ; Jensen | Human Factors in the Management of Production[END_REF]. As an input, an .XML file representing an instantiation of the simulation model is loaded. The file is composed by two main sections: physical structure and organizational structure. The physical structure contains sections relative to a fixed entities or workers. When a section is found, an instantiation of the entity is made. Each section contains the values of the entity' attributes. For example, the learning model parameters are entered under each worker specifications section.

The organizational description in the second part of the file describes the activities and tasks carried out by operators. Under each task section, work sequence, levels of fatigue stressors in each phase, nominal error probability and the effect coefficient of fatigue and learning are given. For each work sequence, the identifiers of the fixed entities used are given. The physical flow in the system depends on identifiers chosen and the fixed entities positions. Thus, wide range of production system configurations can be covered: flow shop, job shop, cellular configuration etc.

As outputs, the simulation tool obtained generates allowance indicator distribution (AI). The outputs include the Fatigue index, the system throughputs number and the number of rejected products due to human errors. The developed simulation structure is used to perform a case study detailed in the following section.

Case study description

During a production system design, the typical dilemma of the designer is to pick up one configuration from a short list of configurations that optimize a set of criteria based on static aspects. Studying the dynamic aspects of the system using simulation in a second phase, may give the designer better insight regarding the performance of these configurations. The aim of this case study is to investigate three configurations and to assess their productivity and time allowances granted to workers in each one of them. The validation of the adequacy of these allowances is achieved through the evaluation of the operators' fatigue level. Two main variabilities are considered:



The part arrivals variation due to uncertainty and physical flow variation; 

The impact of fatigue, learning and reliability, which are likely to impact the processing time in repetitive tasks.

The first configuration is a production line (Figure 12). It is composed of six workstations in series. The second configuration represent three production cells (Figure 13). Each cell is composed of two stations in series. The parallelized physical flow in this configuration allows autonomous breaks. Besides a scheduled lunch break, it is possible that two operators from the same cell take a break without exceeding 10 min. An intermediate configuration between the linear and the cellular configuration is also considered: a cellular configuration with planned breaks. Three breaks are allowed. A break from 10 am to 10.15 am, a lunch break from noon to 1 pm and a break from 4 pm to 4:15 pm. The objective of this case study is to determine which one of these three configurations is the best in terms of productivity and offers adequate time allowance to cope with workflow variability and to ensure a moderate level of fatigue. To investigate these configurations, the following hypotheses are made:

1. The autonomous breaks are taken by two operators when one of them feels physical and mental discomfort due to fatigue (behavioral abuse of this relaxation allowance is not considered); 2. In both configurations, the operations' allocations are made in order to have a balanced stress factors (posture, vibration, monotony, concentration…) among the workstations; 3. The manufacturing errors made by the operator can only be detected in inspection station. No rework due to error is considered; 4. The part arrivals follow an exponential distribution with a mean equal to 0.8 min (arrival rate is equal to 1.25 min -1 ). Therefore, when shared by the three cells, this leads to erlang distribution with a shape factor equal to 3: erlang (3, 1.25 min -1 ).

For this case study, as mentioned before, consider that stressors levels in a specific phase are similar for all tasks. Based on this, Table 4 and Table 5 give their average values. Regarding the learning model, we consider that workers have an initial experience indicator u equal to 100. The processing time of the first execution T 1 is set to 2.4 minutes in the linear configuration and to 7 min in the cellular configuration. The tasks are considered balanced in the both configurations and leads roughly to same T 1 for all tasks. The approximation parameters δ r and δ f are set to 0.001.

Based on the data provided by HEART method, by determining the generic class to which belong the tasks performed in the three configurations and the condition "unexperienced worker" as error producing condition and using the same value for "fatigued worker", reliability model parameters were determined. The parameters s f and s l were set to 3. is set to 0.004 (Routine, highly-practiced, rapid task involving relatively low level of skill) using Table 2 classification. These values are considered for all tasks in the three configurations. The simulations are conducted using MSI GE62 6QF laptop with 16 GB RAM and CPU i7-6700HQ. The simulation conducted over 4.3min using a moderate scan rate (speed for time incrementing also corresponding to animation speed). 

Simulation results

This section details the simulation results regarding the three configurations described above. First, the fatigue index variation of each configuration is discussed. Then the time allowances are evaluated through time allowances indicator. Finally, the results regarding the configurations' productivity are given.

Workers' fatigue

The Figure 15 shows that fatigue is higher in the cellular configuration with planned breaks in comparison with the linear configuration. The rigidity of the latter induces workflow interruption and causes working stoppage. However, it is noticed that fatigue is locally variable in the linear configuration. This may cause uncomfortable working conditions. As shown in the Figure 14, the organizational flexibility offered by the cellular configuration with autonomous breaks allows better fatigue management compared to the same configuration with the planned breaks. The fatigue in the three configurations is still reasonable. It barely reaches the maximum value of 1 in the cellular configuration with planned breaks. This shows that time allowance granted (including breaks) are adequate and ensures necessary fatigue recovery. However, it is important to minimize fatigue in order to limit the production errors and avoid the discomfort feeling.

Time allowances

Table 6 details time allowances (breaks not included) distribution in linear configuration. Unbalanced allowance among workstations is highlighted. The first three workers have negative time allowance indicators (-37% in average) showing a potential risk due to time pressure. In the opposite, the last three workers have positive time allowance with a peak attributed to the fourth worker. This shows that linear configuration is not the most appropriate when workflow varies due the stochastic and human factors. Regarding the allowance in the cellular configuration with planned breaks, the first three workers have negative allowance indicators (-7% in average), while the last three workers have positive time allowance indicators with the value of 13.3% in average. The values of this indicators for these two configurations are given in detail in Table 7 andTable 8. The simulation results show that cellular configuration with autonomous breaks offers better time allowance for workers in comparison with the two other configurations. Hence, fatigue is managed in better way in this configuration leading to working condition enhancement: less discomfort, less time pressure and more operational flexibility. Moreover, fatigue reduction observed in this configuration led to human error probability decrease and thus less rejected parts as detailed in the next section.

Configurations' productivity

Parallelizing workflow through cellular configuration led to throughputs rise (Table 9). Cellular configuration with autonomous breaks has the minimum number of rejected part as it grants adequate allowance to workers. When this is combined with the system robustness obtained by the parallelization of the physical flow, this configuration gives the best performance in term of throughputs number.

DISCUSSION AND CONCLUSIONS

In this article, a simulation-based approach for assessing time allowance in production system is proposed. Ensuring the adequate allowance in future production system confers strong potential for reducing health-related risk factors. Even if allowances are affected by a set of subjective aspects such as operator's perception of the work activity and the strategy by which he uses these allowances, workplace layout topology, physical and organizational one, will favor allowances or cause their deficit. Therefore, allowances integration in production system design process is paramount for occupational diseases prevention.

Regarding time allowance, previous works provided yardsticks to set these allowances as work standards through specific fatigue stressors assessment in a specific task. These methods can only be used to determine relaxation allowances needed to recover from fatigue without providing an approach to set contingencies allowances needed in a given work system. To achieve this, it is important to investigate the whole system configuration and how workflow can lead to variability in work situation.

To fill this literature gap, a simulation model for production systems simulation is proposed. The model can be used to simulate several configurations and considers human operators related sources of variabilities. Besides classical stochastics aspects in production systems such as part arrivals, machine and conveyor breakdowns, learning and fatigue are integrated using the simulation model proposed in this article. An indicator to measure time allowance in a work system was also introduced.

The simulation model was used to evaluate three production system configurations: a linear configuration with planned breaks, a cellular configuration with planned breaks and finally a cellular configuration with autonomous breaks. Through fatigue estimation and using time allowance indicator, the simulation was used to assess the actual time allowances granted to human operators and their adequacy with the workload through the evaluation of fatigue index. The simulation also provided an estimation of the system throughputs to achieve best trade-off between productivity and working conditions. The simulation showed that cellular configuration with autonomous breaks provide operators with adequate allowances and performs better productivity in comparison with the other configurations.

Despite the encouraging results obtained from the experiments conducted for model verification, additional experiments still need for complete validation. This would require an experimental design with a set of production system configurations to be simulated and compared with existing ones. However, the main objective of this work is to demonstrate the feasibility of the approach itself, given that the main limit is the lack of validated models regarding human factors and their integration into factory design process and particularly using simulation. This approach is one brick that can be combined with other approaches and tools to achieve integrated health and safety risks prevention during production system design. Used either alone or combined with other methods, flow simulation should be intermediate tool for exchanging information between designers, health and safety practitioners, ergonomists and production staff. Thus, these exchanges shall lead to simulation models enhancement end enrichment using experience originated from existing production systems. Further researches must go in this direction.

To conclude, it is paramount to consider operational variability to achieve a successful work system design. Whether by developing flow simulations models that consider human factors such as fatigue and learning, or by incorporating movement variability in digital manikins, the objective is the same: comprehending real working situations diversity and complexity to set up allowances in work systems. Otherwise, a workstation that does not allow the movement variability by granting adequate space allowance or a production line which doesn't allow time margins, reflect risky situations in which, operators may reach their production goals, but at the high cost of jeopardizing their health. The first row of the table specifies the unit of the applied force value. The first column specifies the tens of this value. For example, the intersection of the row 2 with the line 80 gives the number of points awarded to the application of a force of 82 lb. The table gives the value of 72pt.

Posture

The nature of the posture adopted when carrying out the work implies a specific rate of fatigue. Depending on the nature of these postures, Table A.2 gives the points awarded to this stressor.

Table A.2

Points awarded to posture factor.

Points

Sitting easily 0

Sitting awkwardly, or mixture of sitting and standing 2

Standing or walking freely 4

Ascending or descending stairs unladen 5

Standing or walking with a load 6

Climbing up or down ladders, or some bending, lifting, stretching or throwing 8

Awkward lifting, shoveling ballast to container 10

Constant bending, lifting, stretching or throwing 12

Coalmining with pickaxes, lying in a low seam 16

For more tables regarding the remaining fatigue stressors, they can be found in (Kanawaty and International Labour Office, 1992). In the next section, the conversion table used to convert the sum of fatigue stressors' levels into percentage of normal time needed for relaxation is presented.

Conversion table

After determining the points given to each stressor and adding them up, Table A.3 converts this number into a percentage that must be multiplied by the normal time to obtain relaxation allowances value. The first vertical column contains the tens of cumulative points. The first line gives units of this sum. The intersection is the percentage of relaxation time to be granted for the task. The variable sum designates the total sum of the levels of fatigue stressors. This sum may be weighted if different work elements are considered with their own fatigue stressors. The floor function returns the greatest integer less or equal to its input value. Thus, floor(sum/10) returns the number of tens of the value sum, which represent the line index in the matrix F given by A.2. The value sum -floor(sum/10)*10 returns the unities of this sum and used as the column index. Using this formulation and the matrix F, the conversion of the levels of fatigue stressors into allowances as explained in the previous section is done mathematically and can be implemented. 
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 1 Fig. 1. Modeling human task using generic work sequence phases (based on Maynard operation sequence technique) .

  DA which is the delay allowance provided to the operator to have the possibility to delay a current work cycle;  RT which represents residual time available to the operator once his task has been completed, before a new workflow element is received.
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 2 Fig. 2. Modeling time allowances.
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 3 Fig. 3. Proposed method.
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 4 Fig. 4. Simulation conceptual model -Structure modeling (UML class diagram).
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 5 Fig. 5. Modeling work elements.
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 6 Fig. 6. Structural modeling of the working activity using UML class diagram.
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 7 Fig. 7. Fixed entities' behavior modeling using UML class diagram.

  ): Non-Active (NA), Structural Stopping (ST), Productive (PR), Induced Stopping (IS) and Self-Stopping (SF) state. They are implemented under each behavior class.
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 8 Fig. 8. Modeling worker behavior using Finite State Machine.
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 9 Fig. 9. Modeling conveyor's behavior using Finite State Machine.
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 10 Fig. 10. a-Experimental bench b-Simulation's configuration.
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 11 Fig. 11. a-Allowance indication b-Working sequence completion time. However, Figure 11 also highlights stochastic variations observed in the experimental task processing time and experimental time allowance indicator. These variations are due to randomness in the processing time. Yet, such variation is not integrated in the simulation model. Only deterministic variation due to learning phenomena is currently being integrated in work sequence model. However, random variations in part arrival is well modeled and fully integrated as presented in section 3.
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 14 Fig. 14. Fatigue variation in cellular configuration with autonomous breaks.
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 15 Fig. 15. a-Fatigue variation in linear configuration b-Fatigue variation in cellular configuration with planned breaks.

Table 1

 1 Cornman's allowances table

	Allowance factors	1st	2nd	3rd	4th
	Working condition 1 1. Temperature 5 10 15 20
	2. Air supply	5	10	20	30
	3. Humidity	5	10	15	20
	4. Noise level	5	10	20	30
	5. Light	5	10	15	20
	Repetitiveness				
	6. Duration of job	20	40	60	80
	7. Repeat of cycle	20	40	60	80
	Effort				
	8. Physical demand	20	40	60	80
	9. Mental of visual demand	10	20	30	40
	Position				
	10. Stand or move, sit, work height	10	20	30	40

st level: Arm and head positions at normal working height. Operator either sitting or a combination of sitting, standing and walking. Change of position is not more than five minutes apart.

2 nd level: Standing or a combination of standing and walking, where sitting is only allowed during rest periods. Arms and head position are out of normal working range for periods less than one minute.

3 rd level: Constant stooping or standing on toes, or where work requires extension of arms or legs. 4 th level: Body is in cramped or extended positions for long periods of time. Also where attention requires motionless body.

Table 3

 3 Levels of fatigue stressors in experimentation.

	Get	Put	Process

Table 4

 4 Levels of fatigue stressors in linear configuration.

	Get	Put	Process

Table 5

 5 Levels of fatigue stressors in cellular configuration.

	Get	Put	Process

Table 6

 6 Time allowance indicator in linear configuration.

		Worker 1	Worker 2	Worker 3	Worker 4	Worker 5	Worker 6	Average
	Time allowance indicator	-39%	-37%	-36%	17%	6%	6%	-13.83%
	Standard deviation	0.41	0.43	0.40	0.55	0.27	0.28	0.39

Table 7

 7 Time allowance indicator in cellular configuration with planned breaks.

		Worker 1	Worker 2	Worker 3	Worker 4	Worker 5	Worker 6	Average
	Time allowance indicator	-07%	-06%	-08%	14%	12%	14%	3.16%
	Standard deviation	0.37	0.45	0.44	0.44	0.42	0.45	0.43
	Table 8							
	Time allowance indicator in cellular configuration with autonomous breaks.				
		Worker 1	Worker 2	Worker 3	Worker 4	Worker 5	Worker 6	Average
	Time allowance indicator	03%	03%	02%	12%	13%	13%	7.67%
	Standard deviation	0.67	0.70	0.60	0.39	0.40	0.41	0.53
	Table 9							
	Configurations' throughputs estimation.						
			Configuration' throughputs	Number of parts rejected due to errors	Percentage	Net production
	Linear Configuration		484		41		8.5%	443
	Cellular configuration with planned breaks	535		18		3.36%	517
	Cellular configuration with autonomous breaks	539		12		2.22%	527

  This table is linearized into function f p for automatic conversion of the sum of the levels of fatigue stressors into allowances. The function f p is given by (A.1):

	50	24	24		25	26	26		27	27	28	28	29
	60	30	30		31	32	32		33	34	34	35	36
	70	37	37		38	39	40		40	41	42	43	44
	80	45	46		47	48	48		49	50	51	52	53
	90	54	55		56	57	58		59	60	61	62	63
	100	64	65		66	68	59		70	71	72	73	74
	110	75	77		78	79	80		82	83	84	85	87
			f	p	(sum) F 	( floor sum	/10),sum		( floor sum	/10) 10 	(A.1)
	Table A.3										
	Points conversion table.									
		0	1		2	3			4		5	6	7	8	9
	0	10	10		10	10	10		10	10	11	11	11
	10	11	11		11	11	11		12	12	12	12	12
	20	13	13		13	13	14		14	14	14	15	15
	30	15	16		16	16	17		17	17	18	18	18
	40	19	19		20	20	21		21	22	22	23	23

APPENDIX A: DETERMINATION OF THE LEVELS OF FATIGUE STRESSORS

In this appendix, examples of tables used to determine the levels of fatigue stressors are presented. The complete list of tables can be found in (Kanawaty and International Labour Office, 1992).

Force exerted

The number points awarded following the application of a force depends on it equivalent in term of weight expressed in pounds and the level of stress. Table A.1 is used to determine the number of points awarded to a given force application when the stress is medium.