Multivariate Methods to Monitor Complex Processes

Abstract

Consider a manufacturing process where each item is characterized by a p quality characteristic vector
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. When assignable causes are present in a multivariate process they may affect different process parameters: the process mean, and/or the process variability, and/or the process orientation. Indeed the quality characteristic vector posses both magnitude and direction. Therefore control charts to monitor process mean-variability-orientation are necessary. A diversity of multivariate control charts for the process mean and dispersion have been proposed recently to distinguish between random and assignable causes of process variability. Most of the proposed control charts are based on T-squared or Chi-squared statistics. This paper deals with multivariate control problems and the use of influence function is proposed to distinguish between chance and special causes of variation. When the process has reached a state of statistical control, the process mean and the structure of dispersion matrix should be stable over time. The effect of observations or subgroups on these parameters may be evaluated, among others, by the means of influence functions. Hence, special causes of variation could be identified by an unusual influence of observations or subgroups on the process mean and/or dispersion parameters. To monitor the process mean the influence function of mean is proposed, to investigate process variability control charts based on the influence functions of eigenvalues are suggested, and to describe process orientation control charts based on the influence functions of eigenvectors may be employed. With complex products we usually find many different types of quality characteristics. Generally, not all of these quality characteristics are equally important. Some of them may be very critical to describe each item quality (leading quality characteristics), and some of them may be moderate ones (less important quality characteristics). Moreover, when the number of quality characteristics is high the use of multivariate control charts based on T-squared or Chi-squared statistics may be very inappropriate, because the upper control limit of these control charts raises steeply with the number of variables. Therefore it is convenient to employ control procedures that are based on leading quality characteristics but enables to identify special causes that may affect the overall process. Our approach to build up such control charts consists to monitor the stable level of variability of the process according to the directions settled by a generalized PCA, which is based on the leading variables. Usually, with complex products we find also that many different types of non-conformities or defects can occur. In complex processes the causes of these undesirable effects may not be obvious. To identify the process parameters that are responsible for the observed non-conformities regression methods may be employed. The influence functions may be calculated almost in all real situations. Therefore they may be used to set up:

· Control charts for different process parameters, such as : mean-variability-orientation.

· Shewhart control charts. It means control charts that are based on the natural variability of the process. The control limits are three sigma control limits.

· Control charts with probabilistic control limits. It means that the control limits are set up based on the distribution of the statistic the is used to monitor the process and the first type error.

· Control charts for attributes, or for broader applicabilities for counted data.

· CUSUM charts for measurable data as well as for attributes.

The proposed methods will be illustrated with real applications from the field of automobiles and chemical processes.
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