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This paper deals with production variabilities and their formalization: Geometrical variability that affects the product quality and Time variability that affects the productivity. Due to the manufacturing imperfections, the manufacturing system faults, the human factors, ... it is not possible to attain the theoretical dimensions and the theoretical time in a repetitive manner. This causes degradations of the product & production system performances. In order to ensure the desired behavior and the performance of the engineering system in spite of uncertainty, the system features are assigned a permissible tolerance or a margin. Time margin allocation consists in establishing a certain level of work flexibility, which gives the operator the possibility to develop different ways of working to meet production targets, without having adverse effects on his or her health. The concepts of geometric tolerance and time margin are very similar; they directly have an impact on the Overall Equipment Effectiveness (OEE): An OEE of 100% means that only good parts are produced (100% quality), at the maximum speed (100% performance), and without interruption (100% availability). The human or manufacturing system fatigue and reliability affect directly the respect of the time margin and indirectly the product conformance. There exists a strong link between tolerance and time margin.

Introduction

How to measure the efficiency of a meticulous manual process under variability? OEE (Overall Equipment Effectiveness) is the standard for measuring manufacturing productivity [START_REF] Muchiri | Performance measurement using overall equipment effectiveness (OEE): literature review and practical application discussion[END_REF] It is the percentage of manufacturing time that is truly productive. It is a measure of how a manufacturing operation is performed compared to its full effectiveness (quality and productivity), during the periods when it is scheduled to run. Its estimation is based on the three Factors: Availability, Performance, and Quality. Availability index is the percentage of scheduled time that the operation is available to operate; it is impacted by all events that stop planned production long enough so it makes sense to track a reason for being down. It represents the influence of the variability of the system's state (system's state in the point of view of maintenance) on the system effectiveness. Performance index is speed at which the production system runs as a percentage of its designed speed; it is impacted by anything that causes the manufacturing process to run at less than the maximum possible speed when it is running. It represents the influence of the variability on the system productivity. Quality index is the conformance rate (Conform products produced as a percentage of the Total Products Started); it is impacted by manufactured parts that do not meet quality standards, including parts that need rework. It represents the influence of manufacturing variability (manufacturing imprecision) [START_REF] Zhang | Automatic Estimate of OEE Considering Uncertainty[END_REF] Therefore, several production variabilities influence the efficiency of a production system: geometrical variability (manufacturing imprecision), Time variability … The main issue of this paper is the formalization of these variabilities and the formalization of the causality between them.

The section 2 details the similarity between the two concepts: Tolerance and Time margin. The section 3 illustrate the impacts of the tolerance allocation and the time margin allocation on the OEE. The section 4 demonstrate that these impacts are non-independent: The operator fatigue affects the non-conformance rate and it is impacted by the time margin allocation. And the conclusion focuses on the future perspective of the global tolerance and margin allocation.

Tolerance and Time margin -Similarity

V. SRINIVASAN [START_REF] Srinivasan | Standardizing the specification, verification, exchange of product geometry: Research, status , trends[END_REF] argues that inevitable variabilities in production and inspection influence product specification. This inevitability of variations is embodied in the following two axioms:

"Axiom of manufacturing imprecision: All manufacturing processes are inherently imprecise and produce parts that vary."

"Axiom of measurement uncertainty: No measurement can be absolutely accurate and with every measurement there is some finite uncertainty about the measured attribute or measured value."

The geometrical variabilities (manufacturing imprecision) of each component involve a degradation of functional characteristics of mechanisms; they must be limited by tolerances to ensure the functional requirements. Tolerance is the permissible limit or limits of variabilities of a geometrical characteristic. This simple definition is conherent with GeoSpelling [START_REF] Ballu | Formal Language for GeoSpelling[END_REF] [19] [START_REF] Mathieu | GEOSPELLING: a common language for Specification and Verification to express Method Uncertainty[END_REF] [29] which is the model for the next generation of the GPS languages defined in ISO TS 17450 [START_REF] Iso | 1: Geometrical product specifications (GPS) -General concepts -Part 1: Model for geometrical specification[END_REF] : "A specification is a condition on a characteristic defined from geometric features which are created from the model of the non-ideal surface of the part (skin model) by different operations". A condition defines an interval of IR inside of which the value of a characteristic of geometric features must lie [START_REF] Nielsen | Recent developments in international organization for standardization geometrical product specification standards , strategic plans for future work[END_REF] A characteristic, is for example, the distance between two points, the maximum distance between a median line (non-ideal feature) and a straight line (ideal feature), the diameter of a cylinder (ideal feature) … These variabilities of a geometrical characteristic are time dependent (Figure 1). These variabilities of a geometrical characteristic are time dependent and they appear due to several random (fixture imprecision) and assigned (tool wear, adjustment operation) phenomena.

Variability exists in all processes. This also applies to manufacturing operation duration. Being part of a highly market-responsive environment, the industry nowadays is mainly focused on variability and waste. Hence, the approaches applied on site are almost exclusively addressing waste elimination, work specifications and cycle time. On the other hand, for several lean practices (butter stock removal, idle time reduction) it has been shown to be unfavourable for worker's health due to reduced autonomy and increased work speed [START_REF]The impact of lean production on musculoskeletal and psychosocial risks: An examination of sociotechnical trends over 20 years[END_REF]. Similar studies are also underlining the link between work conditions (including physical factors, but also organizational and psycho-social environment) and occupational health [START_REF] Hasle | Lean and the working environment: a review of the literature[END_REF]. To limit psychosocial risk factors in a work situation and to prevent musculoskeletal disorders, the concept of operator's manoeuver margins was introduced by several ergonomists. It consists in giving the operator enough flexibility and freedom to develop different ways of working, which allows him to face the flow variations, to meet the work demands without compromising his health. There are several dimensions where a manoeuver margin can be established. In this paper, we only consider the time dimension. Time margin is the permissible limit or limits of the variabilities of the manufacturing operation duration [5] [START_REF] El Mouayni | A simulation-based approach for time allowances assessment during production system design with consideration of worker's fatigue, learning and reliability[END_REF] .

Fatigue and learning have a significant impact on the operator capacity, and hence on the variabilities of the manufacturing operation duration [START_REF] Carlson | How much does forgetting cost[END_REF] Like the manufacturing dispersion, the variabilities are divided into two types:

-"Random variability" -sometimes referred to as noassignable. It refers to many sources of variation that consistently act on process. These types of variability produce a stable and repeatable distribution over time.

-"Specific variability" -sometimes referred to as assignable sources of variability. It refers to any factor causing variation that affects systematically the process output. We can observe some specific continuous variability: the effect of the operator fatigue on the manufacturing operation duration (Figure 2) or the tool wear on the geometrical characteristic (Figure 1); and we can observe some specific discrete variability: the effect of the work pause on the manufacturing operation duration or the effect of the adjustment operation on the geometrical characteristics

To clarify the scope of variability management of this paper, it is important to identify the consequences of these variabilities. Based on the framework of Browning [START_REF] Browning | Sources of schedule risk in complex system development[END_REF] , we propose an overview on the link between risks and variabilities (Figure 3). The sources of risk in this context are divided into three categories, described below:

Performance risk -Ability of a manufactured product to meet desired quality criteria 2.

Planning risk -Ability of a production system to deliver a conform product within a span of time 3.

Development cost risk -Ability of a production system to deliver a conform product within a given budget. Many techniques exist to reduce and mitigate these risks. The proposed technique in this paper is the tolerance or margin assignment that aims to limit the acceptable variabilities. The flowing section illustrates the consequences of the Tolerance and the Time margin on the OEE.

Direct impact on the Overall Equipment Effectiveness (OEE)

The OEE is one of the most used Key Performance Indicators [START_REF] Muchiri | Performance measurement using overall equipment effectiveness (OEE): literature review and practical application discussion[END_REF] [START_REF] Zhang | Automatic Estimate of OEE Considering Uncertainty[END_REF] As mentioned in the introduction, The OEE assessment is based on the three OEE Factors: Availability, Performance, and Quality (Figure 4).

Availability index is the percentage of scheduled time that the operation is available to operate. This part of the OEE mathematical formulation is not affected directly by the Tolerance and the Time margin. The main factor that has an impact on the Availability is the maintenance strategy.

Quality index is the conformance rate (Conform products produced as a percentage of the Total Products Started). This ratio is directly impacted by the Tolerances and the Process capabilities:

-The risk of the tolerance design is to reduce all tolerances. In fact, to ensure the assembly condition and all functional requirements, the first reflex of a designer is to allocate low tolerances. This allocation strategy could cause of the increasing cost of production or/and the increasing non-conformance rate (decreasing Quality index). -The risk of the manufacturing resource selection is to decrease or increase the process capabilities (abilities of a process to meet allocated tolerances). The variation of these process capabilities influences directly the non-conformance rate (Quality index). Therefore, the tolerance allocation and the process capability are the main factors influencing the Quality index. Performance index is speed at which the production system runs as a percentage of its designed speed. The designed duration can be achieved in optimal circumstances. Therefore, the addition of the Time margin is the cause of the decreasing Performance index. The core idea of the Lean methodology is the elimination of the things that customers do not value or, simply, maximizing value while eliminating waste [START_REF]The impact of lean production on musculoskeletal and psychosocial risks: An examination of sociotechnical trends over 20 years[END_REF] In this context, the Time margin can be considered as a waste. In fact, several researchers define Lean as socio-technical system based on waste and variability elimination.

The preliminary analysis of the direct impact of Tolerance and Time margin demonstrates that the increasing tolerances and the decreasing time margin would be identified as a source of gain (increasing OEE). The following section illustrates that the preliminary analysis doesn't take into account all causalities.

Indirect relationships

The choice of time margin allocation strategy can be linked with tolerance allocation process. Just as the tolerance assignment has to reduce manufacturing cost by improving profitability, the time margin assignment needs to assure that the operators' fatigue level does not exceed the critical value in the same time with makespan minimization. Hence, the choice of tolerance or time margin is one of the crucial processes in early design stages of product or production system, respectively. In that sense, tolerance allocation strategies can be used as a global framework for time margin allocation problem. To perform these allocations, it is necessary to formalize several causalities [START_REF] Petronijevic | Human factors under uncertainty: A manufacturing systems design using simulationoptimisation approach[END_REF] :

-the effect of time margin on the operator fatigue -the phenomenon of learning -the effect of fatigue on the process capability or on the failure -…

In fact, the effect of time margins needs to be tracked through the evolution of learning and fatigue, and through its effect on production. Learning may have an impact on task processing time, but also on gesture. Fatigue can also influence the way the work is performed [START_REF] El Mouayni | A simulation based approach for enhancing health aspects in production systems by integrating work margins[END_REF] . The figure 5 summarizes these causalities. The literature research in this area is focused on two aspects:

-modeling of human behavior -Ergonomists focus on the framework and the qualitative analysis of these causalities. In this sense, studies mentioned in the introduction are identifying different causal relationships between occupational diseases and work conditions. -models of human factors in the production -The mathematical modeling of these causalities was addressed by many researchers:

-Manufacturing operation duration is learning dependent and shows one's influence on production. The Wright learning curve model [START_REF] Wright | Factors Affecting the Cost of Airplanes[END_REF] , the Learning-Forgetting-Learning model [START_REF] Carlson | How much does forgetting cost[END_REF] and the Learning-Forgetting Curve Model (LFCM) [START_REF] Jaber | A comparative study of learning curves with forgetting[END_REF] shown in the Figure 6 establish the relationship between manufacturing operation duration and the experience of the operator. The LFCM fits with the most experimental results [START_REF] Jaber | Incorporating human fatigue and recovery into the learning-forgetting process[END_REF] -Different fatigue modellings are based on heart rate, energy expenditure and muscular exhaustion.

The most promising model in the sense of universality is the one developed by [START_REF] Jaber | Incorporating human fatigue and recovery into the learning-forgetting process[END_REF] As illustrated in Figure 6, their learning -forgettingfatigue -recovery model through parameters' variation represent operator as individual, while his well-being is shown as evolution of fatigue. -One of the impacts of fatigue is human error, which affect the quality of the production and thus, have an effect on production system performance. The Human Reliability Assessment (HRA) addresses the human error and proposes two main functions: identification of human error, and assessing their probability by calculating the Human Error Probability (HEP shown in the Figure 6) [START_REF] Elmaraghy | Quality prediction for reconfigurable manufacturing systems via human error modelling[END_REF] [9] Therefore, the time margin has not always a good direct impact on the Performance index but it has a good impact on the fatigue therefore on the Quality index and, over the medium term, on the Performance index [START_REF] Johnson | A framework for reducing manufacturing throughput time[END_REF] The following section illustrates the effect of these causalities.

As mentioned in the section 2, the variabilities of the manufacturing operation duration and of the geometrical characteristic are quite similar; Figure 6 shows this: similarity of the Fatigue curve and the Cutting tool wear curve.

Application

To illustrate the indirect relationship between Tolerance and Time margin, we consider the daily production of meticulous complex manual process (manual micro-assembly of three components -precision engineering). The Figure 7 shows the time depending counts (Total count: the quantity of produced components (including defect) per 15 minutes; Conform count: the quantity of conform produced components per 15 minutes; Theoretical count: theoretical quantity that can be achieved in optimal circumstances) of two strategies: Strategy 1 without time margin, and strategy 2 with time margin and the modification of the production planning. We observe four specific periods of the strategy 1:

-A: Planned break -B: Machine breakdown (B influence the Availability index). The machine breakdown of the strategy 1 has only an impact on the Availability index. -C: Lunch break -D: Effect of the fatigue, the production speed decreases and the non-conformance rate increases. We observe three specific periods of the strategy 2: -E: Overproduction -F: Modification of the production planning. The operator decides to reduce the duration of the lunch break and to add a planned break -G: Lesser effect of the fatigue, the decreasing production speed is less and the increasing nonconformance rate is less too. To compare the two strategies and to separate each effect (Availability, Performance and Quality), we calculate each index (Table 1) based on the usual formulation (failure rate for the Quality index and the comparison between the time target and the real time); we observe the impact of the time margin on the OEE. 

Conclusion

The aim of this paper is to highlight the universality of the concept of tolerance or margin, and the complexity of this concept. In fact, Time margin and Tolerance limit variabilities, which influence the effectiveness of the manufacturing system (especially Performance index and Quality index). Moreover, there are causalities between time margin, tolerance, Performance index, Quality index… We illustrate several of them: The direct impact of time margin on the Performance index, the cascade effect: time margin has a positive impact on fatigue which causes human errors hence on Quality index, … [START_REF] Petronijevic | Human factors under uncertainty: A manufacturing systems design using simulationoptimisation approach[END_REF] This cascade effect illustrates the complexity of the time margin allocation and tolerance allocation for a meticulous complex manual process.

To take into account these causalities during the manufacturing system design, we proposed a design framework based on interaction of Function-Behavior-Structure (FBS) [START_REF] Dantan | Human factors integration in manufacturing systems design using function-behavior-structure framework and behaviour simulations[END_REF] which allows considering two distinguished behaviors: the expected behaviors of the manufacturing equipment and the behaviors of human resources. The proposed FBS framework allows the analysis of the interactions between human behavior (activity) and production system behavior (production task and energy flow) [START_REF] Dantan | Human factors integration in manufacturing systems design using function-behavior-structure framework and behaviour simulations[END_REF] The next step is to integrate another Key Performance Indicator: the cost in the coupled allocation of tolerance and time margin based on the global framework (Figure 8). 
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