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Abstract: Since T2 Hotelling chart uses the Mahalanobis Distance (MD), and because MD is always positive, the covariance
matrix estimated in phase I is considered to be constant, the sample size n is representative (n>100), and MD is modeled by
the multivariate normal distribution function (MND). When MD represents the variable behavior through the time, and by
considering the variance contribution to be constant, and the upper limit of MD of the T2 Hotelling chart as the expected
mean value, the reliability indexes for each element is estimated. In order to show numerically the proposed method, it was
applied to a set of three variables.
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1. Introduction
In reliability analysis, when a product begins to undergo stresses and begins to have its useful life consumed, its
current condition is subjected to change due to those stresses. On the other hand, in process monitoring an abnormal sign is
detected by the use of a control chart. If a product can fail due various failure mechanisms a multivariate control chart is
used. Since in this case the idea is to compare the actual product with a standard, the similitudes between them are of interest.
Among the most useful indexes to determine these similitudes, we have the Mahalanobis Distance (MD). On the other hand,
in processes where we are interested in more than one quality characteristic, the most used multivariate chart to monitoring
the behavior through the time of these variables, when they are correlated and follow a normal behavior, is the well know T2
Hotelling chart. This chart is based in MD and on the multivariate normal distribution (MND). During the monitoring
process, when the chart signals, we decompose the estimated MD into its variable components with the objective of
determine the magnitude of each variable and then take action. There exist several methods to decompose the estimated MD,
among which the most useful is the MTY (Mason, Trayce and Joung). However since for high dimension the MTY method
became troublesome, and because for the Piña method the decomposition hold 100% with the estimated MD which is always
positive, (see Piña 2013), in this article this approach is used to model the behavior of each decomposed element. On the
other hand, in accelerated life testing theory (ALT) a function for which the modeled variable is always positive, its integral
through the time is infinity and it represents 100% the variable behavior, is used as a life–stress model. And because for the
T2 Hotelling chart, the covariance matrix estimated in phase I is considered to be constant (The variance is considered
constant), and MD follows a multivariate normal distribution, then by considering the decomposition polynomial as a life
stress relationship model, in this paper using MND and the accelerated life testing theory (ALT), the reliability indexes for
each element of the decomposed MD are estimated. Clearly the proposed method hold with ALT theory only for interval
valued and constant stress over time variables (Bacnadovicius, 2002), thus the proposed method is limited to this case. If MD
were considered to have a stochastic behavior, then ALT theory for non-constant over time variable could be applied, but
more research must be done. The structure of the paper is as follows. Section 2 gives the properties and generalities of a
distance, section 3 presents the properties of a life/stress polynomial. In section 4 the proposed method is presented in detail.
Section 5 presents the conclusions, finally the paper end in section 6 with the references.

2. Generalities of a Distance
For distance analysis, the n individuals of a population Ω are described by a data matrix X of (nxp), and in general
there are two types of distances; among individuals and among populations. A distance δ ij between two individuals i,j of Ω
is a non negative symmetric measure that quantify the differences between both individuals =
(δ ii 0,=
δ ij δ ji ) , this in

ISBN: 97819384960-1-1

367

