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Abstract: The Quality Risk Management is a valuable component of the efficient Quality Management Systems. This approach has a specific importance in a quality risk sensitive industries. The paper presents a review of new statistical methods and instruments for Quality Risk Management, theoretical elements and practical case study. Based on the fundamental importance of the process stability and capability, are defined quality risk functions through Partitioned Multi-objective Quality Risk Method, mathematical formulation of the risk of quality non-conformities, the quality risk represented by the application of different economical optimization models in product manufacturing.
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1.  INTRODUCTION 

In a quality risk-sensitive industries (e.g. nuclear energy, aviation, car manufacturing, drug manufacturing, etc.) the manu​fac​tured product (or process) nonconformities can represent a serious risk to the client. There​fore, these products are manufactured in a strongly regulated environment, through the en​tire life-cycle of the product, respectively through the whole general product realization pro​cess. The present status and the new trends show, that the inherent quality risk management existing in Quality Management Systems in theses areas is not satis​fac​tory and a systematic, regulated process is needed. In the same time, in addition to the quali​tative risk management methods, efficient quan​ti​tative, statistics based methods and instru​ments are required (Dimény,2007).
2.  STATISTICAL TOOLS FOR QUALITY RISK ANALYSIS

2.1. Partitioned Multi-objective Risk Method


As a new mathematical instrument for quality risk analysis, the Partitioned Multi-objective Risk Method (PMRM) (Haimes, 2004) can be one of these statistical tools. The need for the me​thod is originating in the fallacy of the expected va​lue when it is used as the sole criterion for risk in decision making. A conditional expec​tation is defined as the expected value of a random variable, given that this value lies within some pre-specified proba​bility range. The concept of the expected va​lue of damage, in the PMRM, is extended to gene​rate multiple conditional expected value func​tions, each associated with a particular ran​ge of excee​dance probabilities or their corres​ponding range of damage severities. 
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The quality parameter distribution, in gene​ral can be considered normal. Thus, the proba​bility density function 
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 for variable x, res​pec​ti​vely the standard probability density func​tion 
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] for the transformed variable u, for three partitioned zones are represented in Fig.2. The mathematical relations for
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 are represented by the relations (1)…(3) (Dimény,2007).
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where 
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 is the process mean, σ the standard deviation. It can be observed, that zone I. and II. represent in fact conformance with specifi​cations, that is, the quality parameter is situated inside the tolerance area. However, for certain cases, establishing uniformity requirements can be useful to emphasize the exceedance of alert limits (
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). Zone III. with high severity and low proba​bility, is in fact the area of quality nonconfor​mi​​ties (rejects).   


For these zones, it can be established the quality risk functions, 
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, i= 1,2,3, charac​terizing the severity of the risks. The resulting functions, in conjunction with the traditional expected value, provide a family of risk mea​su​res associated with a particular risk manage​ment policy. The quality parameter conditional expected value approach through PMRM, may be an important tool for studying “extreme” events with low exceedance probability but high severity, because in high-quality manu​fac​tu​ring a defect can be conside​red an extreme event, respecti​vely with an extremely rare appearance. 
2.2. Quality Risk Functions


The quality risk function 
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 for zone III. has two one-sided formulations: 
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 for ex​cee​​dance of the upper tolerance limit, and 
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 for the lower limit. These relations and their rela​ted probabilities, for normal distribution are expressed by relations (4)…(7), where 
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The above presented quality functions represent the conditional expected value of the quality parameter. Using these functions, res​pec​tively the quality risk definition, that is, the combination (product) of the proba​bility of occurrence of the nonconformity and the severity of that non​con​formity, the related relations for the quality risk (appearance of non-conform pro​ducts/rejects by exceeding the specified limits U and L) can be expressed by the relations (8) and (9):
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The unconditional expected value is ex​pres​sed by the well known relation 
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 is reserved for the quality mana​gement cost. These five risk functions can be used in a multi-objective optimization process, for supporting a quality decision analysis (Haimes, 2004, Dimény,2007).

The probability of non-conform product ap​pearance (defects, rejects) in a technological pro​cess can be characterized through process capa​bility (or process capability indices Cp), that is, the process’ ability to pro​duce products with pre-specified parame​ters, between spe​ci​fied tolerance limits.

The process mean (expected value) shift is a process instability causing factor, affecting the process capability and thus influencing the quality risk (the appearance of non-conform products, with quality parameters situating out-side of  specified/tolerance limits – see Fig. 2.). Defining the quality risk functions and the related probabilities for two cases of exceedance the tolerance limits (L, respectively U), the mathematical relations of quality risk for non-conforming quality parameter appearing are presented by the relations (10),(11).
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In the same time can be demonstrated the following relation, respectively an increasing of quality risk in case of process mean shift:


[image: image32.wmf]
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2.3. Case study of production process

Process optimization mathematical model (filling process), based on minimizing of production expec​ted cost with reprocessing, is expressed by the relation (13), where 
[image: image37.wmf]CP

 is the expected pro​duction cost per product produced (Dimény,2007, Golhar and Pollock,1988):
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The values for optimal expected cost, 
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 are obtained by solving the system of equations (14),(15), R, C, M are process parameters.
In the following example an ointment tube filling process will be presented. Two cases will be comparatively studied, for establishing the process mean, respectively the tolerance limits (Fig. 5.): a.) is the generally used „symmetri​cal case” (process mean on the center of tolerance area) and b.) the „optimum case” (
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The process mean for symmetrical case is 45 g, the specified lower limit is 43,65 g. Relations for production cost calculus are presented by (16) and (17). 
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The following process parameters are known: filled material cost C= 0,1 lei/g; product repro​ces​sing cost R=0,2 RON/unit. 
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Pro​cess para​meter M is calculated by the relation M=R/Cσ, and for solving the equation system (14)-(15), a com​pu​ter program is uti​li​zed. [Dimény,2007]
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Quality risks are cal​cu​lated by relations (8),(9) and the case study is realized for different process capabili​ties Cp. The graphical representations for production costs and quality risks, related to the appea​ran​ce of non-conform products/rejects by exceeding the specified limits U and L, are presented in Fig. 4. and 5.

2.4 Conclusions

It can be observed that the „price paying” for the economical optimum is an increase in quality risk, respectively in increasing of global ex​ce​e​dance probability of tolerance limits, ex​pres​sed by the relation (18), and the produc​tion mana​gement has to consider this important aspect. Additionally, use of QRM can improve the decision making, if a quality problem arises.
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Effective QRM can facilitate better and more informed decisions (Dimény,2007), can provide regu​lators with greater assurance of a com​pa​ny’s ability to deal with potential risks. 
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Fig. 1. Partitioned zones representation
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Fig. 3.  Symmetrical and optimum cases





a. symmetrical case





b. optimum  case





Fig. 4. Production costs as functions of Cp





Fig. 5. Quality risks as functions of Cp
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Fig. 2. Process mean shift representation
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