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Abstract. The competitive differential represented by effectiveness in operational manufacturing, has been  recognized  by all manufacturing companies. The same technology platform can have different results depending on the environment where it is installed. Materials, labor skills, management and organizational aspects are the components that define operational reliability and effectiveness in manufacturing process. Considering  that, technology sources are the same for all companies, investment in how to use this technology makes the difference between them. The objective of this work is to develop a model to determine the potential effectiveness for production process.  For that it was realized a case study in a production line where was analyzed the  OEE - Overall Equipment Effectiveness, the metric utilized to measure effectiveness for production lines. Besides of delivers the potential effectiveness for production lines, this model can drive the continuous improvement process, offering an option to solve a critical step in the Six Sigma Process : The Projects Selection.
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1. INTRODUCTION

In the last decades the marketing competitiveness  have raised the production areas complexity. Variety of products, speed in the new products launching, necessities  of  stocks and costs reduction have had strong impact in the production shop floor, changing the traditional management model .

Lean, philosophy based on The Toyota Production System is the drive adopted by the most of companies to define their management model. In this management philosophy the objective is to make to order, inventories are synonymous of losses, and all production pipeline is mapped in order to eliminate losses in continuous way and with the total employees involvement (Ohno, 1988). 

In this context, where stocks are avoided, there is no buffers to absorb variations, except those that were planned, and them, the process reliability plays an essential  role in the manufacturing production lines. Process reliability is the capacity of requirements attendance under specific conditions. In the process where equipments are presents, is based on:

- Inherent reliability, defined during the product and process design, and is depending of  technology and investments in capital.

- Operational reliability, result of the utilization conditions, and is depending of organization and production management.

Operational reliability is one important factor in the process effectiveness. In equipments this effectiveness is maximized through quantitative and qualitative activities. Quantitative activities increase the asset availability and its productivity in a certain time period. Qualitative activities reduce the defects , stabilize and improve the overall quality. (Nakajima, 1989).

According to Juran (1988), the definition of reliability is the probability of an item perform a required function under stated conditions for a stated period of time,  and a reliability requirement is usually stated in simpler language, as Availability and System effectiveness - extent to which a product achieves the requirements of the user. 

1.1. OBJECTIVE

In this work will be presented a model to determine the inherent effectiveness of a production line. The OEE - Overall Equipment Effectiveness will be used to measure the effectiveness. For that, was realized a case study in a production line where was analyzed the  OEE - Overall Equipment Effectiveness, the metric utilized to measure effectiveness for production lines. The methodology applied was the analysis of the losses structure that compound the OEE and the performance difference between production shifts, considering the same conditions. This analysis   besides of to facilitate the continuous improvement process by delivering realistic goals to OEE, will be an option to select projects to Six Sigma approach.

2. CONTROL CHARTS

The central problem in the manufacture management and leadership is related to the misunderstanding of variation information. Continuous improvement based on individuals performance should not be considered as a management strategy. Focus in operators that are above or bellow  the production average and to leverage all operators effectiveness is costly and ineffective. The actions required to eliminate commons and special causes of variations are not the same. The key point is to define what is an stable process. Common causes of variation are those related  the system, and the special causes are those that represent events.  (Deming, 1989)

Its important to identify the process variations sources, and control charts can detect special causes and allow control of the process. They can inform us how many variation around the average we can expected, and thus its represent how stable the process is. It is called process in or out of control. Professionals with experience in manufacturing process classify the causes of variations in expected and non expected causes. The expected causes of variation occur inside of the specification interval, while the non expected causes occur outside  of  the specification interval. The Figure 1 shows an example where the specification limits are defined by three standard deviation above and  bellow the average. It is called a process in control, since the results are inside the specification interval, and the variation should be considered by common causes.(BOX and HUNTER, 1978)
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3. EFFECTIVENESS AND OPERATIONAL LOSSES

According to Walters & Mathot (2002), if you cannot measure it you cannot manage it. The Overall Equipment Effectiveness is a very known metric related to the effectiveness of the equipment. The relationship between effectiveness and productivity is very close. Productivity can be defined as the quotient between the outputs and inputs of a process, and is influenced by effectiveness and efficiency, considering that efficiency is related to the process inputs and effectiveness is related to the transformation process, as showed in the Figure 2. One indicator of productivity can be number of products per head , for example. ((WAUTERS e MATHOT, 2002)
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Nakajima (1989) define as good practice in effectiveness measurement, an indicator that can address the causes of losses. The Overall Equipment Effectiveness, OEE, can do that. This metric is compound by three components that is the first level of losses categories.

- Availability (A) affected by maintenance, adjustments, and other causes of equipment down times.

- Performance (P) affected by losses in the speed and little stoppages.

- Quality (Q) affected by defects and  raw material losses.

The following equations are used for OEE calculation :

A = ((OH - SD) - DT ) / (OH - SD)                                                                                                                              (1) 

P = TG / Vn x ((OH-SD) - DT)                                                                                                                                     (2)

Q = AG / TG                                                                                                                                                                 (3)

OEE = (A x P x Q) x 100  (expressed in %)                                                                                                                 (4) 

Where

OH = Operating Hours, and represents the total calendar time for a period. 

SD = Scheduled Down Time, and represents the non demand time (no customer order)

DT = Down times, and represents problems related to maintenance and others no scheduled down times.

TG = Total Goods, and represents the total production volumes including waste and defects. 

Vn = Nominal Production Speed, and represents the qualified production speed of the equipment.

AG = Approved Goods, and represent the final approved production.

OH, SD, and DT are expressed in minutes, TG and AG are expressed in units of products and Vn is expressed in units by minutes. (Nakajima, 1982)

Operational losses can be classified as chronic, when they are repetitive or recurrent and are very difficult to be identify since they become part of the process. Sporadic losses are those that eventually appears in the production area. 

The both types of losses can be found in any category of Down Times or defects. Some common root causes and respective effects are:

- Equipment break down  - reduce the effectiveness by availability

- Setup to produce other products - reduce the effectiveness by availability

- Little stoppages by operational and raw material problems - reduce the effectiveness by performance

- Speed reduction by lack of skills or raw material problems - reduce the effectiveness by performance

- Down time by Start up - reduce the effectiveness b y performance

- Products defects and rework - reduce the effectiveness by quality.

The elimination of these losses demands a continuous improvement program where the first step is to identify and understand the losses structure of the process. The recurrence of these losses normally is associated to problems in the data base systems, and weak prioritization  where the contribution rate of each loss in the final effectiveness is not understood. (Shirose, 1992 )

4. METHODOLOGY

This analysis take in consideration  the concept of special and common causes mentioned in the section 2 - Control Charts. Although control charts usually are used to control product quality, if we considerer an equipment as a process and effectiveness as its output, control chart is a useful tool to analyze effectiveness of the production process.

In the quality studies, control charts have defined the specification limits of some characteristic,  and the control limits are calculated through the results of the process. Besides of to be in control, those results should be inside the specification limits. In this study, we consider OEE as a characteristic to be analyzed  and the control limits calculated through the OEE data will be the range of OEE that we can expect the process will deliver. 

For that, the OEE results must be in  statistic control. Because of that, all OEE information  that represents an special cause was eliminated of the analysis and the control chart was redesigned with new average and control limits calculation. It is the core of the study. If we do not have special causes, and the process is in control, it represents the effectiveness that should be achieved without investments. It should be the goal to be pursued by shop floor workers. After this limit the company should consider investments in technology. Usually, this special cause is because of variations in the operational conditions. Some of those operational conditions could be standardized in order to decrease the range of results. If we get this level of standards, the rest of variation can be considered as common  causes that represent the inherent variation of the process.

According to Carnell and Shank (2005) entitlement  is a term borrowed from the lean discipline that means, the best you can do whit what you have. If the daily perturbations are removed of the process, entitlement is the point which the process would eventually settle. That is the final result for this analysis - To determine the entitlement of the process effectiveness removing all causes that represent poor procedures or lack of standards. The fig. 3 illustrates  the concept. Forced deteriorations  and lack of standards would cause operational losses that can be tracked by the variation analysis of the OEE, between shifts and workers.
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5. CASE STUDY
 It was defined as case study, a production line in a diapers plant, that was acquired and installed 8 years ago. This equipment produces 5 different types of products with the speed of 480 products/min and has demand to run three shifts a day. The 15 members crew, is compound by operators, technicians and assistants, working in three shifts - 5 workers by shift.  

The period of analysis defined was from July, 2005 to December 2005. The information where collected in a system called PDA (Production Data Analysis). The data collection is in real time and, OEE, production volume and nominal speed are collected automatically; down times and other losses causes are recorded by operators. The data utilized was collected in the database of the system, and  the information was treated through  Excell,  Powerpoint  and Minitab 14. 

The analysis was performed according to the following steps, as showed in the figure 4:

· OEE actual – Period of July to December of 2005 – Average and control chart for individuals to define baseline.
· Down times classification in categories.
· Stratification of losses categories by shift
· Selection of best results (minor losses by category) among the shifts – by product
· Consolidation of all data – Determination of OEE Potential through equations (1) and (4) mentioned in chapter 4 - OEE.
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6. RESULTS 
From July to December 2005, the results of total OEE by day (three shift consolidated) are plotted in the control chart -  figure 5.  The OEE  average (actual) was 74,9 %, considering all products and production shifts.

The variation of the OEE along the productive days is evident. The standard deviation calculated for this group of OEE was 18,9%. In a parameter estimation, the probability of  that the result will be coincident with the true value can be considered  zero. The construction of an interval  for this estimated parameter surely will eliminate the mistake. (COSTA NETO, 1977)  The interval of OEE for this process with 95% of confidence level  will be:
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IC =Confidence Interval

X = Average

Z =Related  to the confidence level (for 95% = 1,96)

S = Standard Deviation

N = Observations 

IC= 72,8% to 76,9%  
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For the same period was calculated the OEE by shift and by product and all losses related to any shift was analyzed.

We can realized in the figure 6,  that the OEE results for the shifts "A", "B" and "C", are different, although they had been producing  the same product in the same equipment.
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It suggests that they  do not have operational standards. In this step, we selected   the better result for each losses category among the shifts. It was used to calculated the ideal OEE using the equations  mentioned in the section 3. The table 1 bellow shows the analysis for one of the products.
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The final result achieved is the potential effectiveness that the process can delivers if the basic conditions and standard procedures were maintained. Figure 7
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Process with variation by special causes and different profile among shifts presented an OEE of 74,9% (average).

Process considered in control, eliminating all special causes and with standards procedures in the shifts can reach an OEE of 80,7% (average).

Applying  the equation (5)  to calculate de new Confidence Interval the potential  range of OEE that we can be expected if the basic conditions of the process will be:

Average = 80,7%

Standard Deviation = 12,54%

N = 331

IC = 79,4%  to  82%. 

7 - CONCLUSION

Through the results presented before, we can realized that manufacturing process  effectiveness can be maximized by reduction of variation and  investments in technology just to increase effectiveness are not the immediate option. The process that is already installed should be analyzed to guarantee that the maximum effectiveness possible has been achieved.

The recommended indicator to measure this effectiveness should indicate what are the losses to be eliminated to allow effectiveness improvement.  OEE is an indicator that offers this possibility. 

The first step to improve effectiveness (OEE) should be the elimination of obvious losses, as maintenance and operational problems, through an efficient shop floor program that involves all personal of the plant. Whether our installation are recently installed or not, maintain the assets running properly requires adequate manufacturing environment. If not, we will transfer to new technology the old problems that we have installed in the plant. 

For that, if we define an target based on a simple statistical study using for example, control charts, workers and supervisors would not feel that the administration are just pressing for non realistic goals. The goal has to make sense to all workers that are accountable.

This goal can be called entitlement, and can be considered as a debt. The effectiveness (OEE) that the shop floor should delivers.

After achieved this level of effectiveness - the entitlement - it will not move until something is done for that. It means that,  from this point on, new concepts, or specifically, new process technology should be considered.  The concept of entitlement as a tool to prioritize Six Sigma Projects can be considered. First the process should be delivering its potential results. As Six Sigma projects is an expensive process, projects have to be targeted based on the impact in the results, and for that they should address chronic problems and not to set an operation condition.. The figure 8 illustrate this strategy.
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