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Reliability Data Analysis and its Application
Based on Linear Bivariate History

of Two-Dimensional Time Scale

Masahiro Yokoyama

Abstract

In reliability engineering, the failure mechanism is a key concept to identify the lifetime
distribution and its time scale. However a failure phenomenon could be occurred by two
or more failure mechanisms. Therefore the analysis of field reliability data may lead us
to a conclusion different from the results of lab experiments. This thesis investigates the
problem of multiple time scales, especially in bivariate cases, to assess the effects of failure
mechanisms on field reliability by estimating the joint distribution function of the product
lifetime on these time scales.

Pons (1986) proposed a nonparametric estimator of the joint cumulative hazard function
of bivariate survival data in the presence of censoring. However this estimator does not
consider the fact that each product has a bivariate history up to a failure or a censoring on
a two-dimensional space. Intrinsically the lifetime distribution of a product on multiple
time scales is univariate. Therefore this thesis proposes a simple estimator of the cumu-
lative hazard function which takes usage histories of each product into consideration for

analyzing field failure data of industrial products.



This estimator is proposed in Chapter 4 under the assumption that a sample path can
be modeled as a straight line. Chapter 5 shows the analysis of an actual field reliability
data to demonstrate that it enables estimation of the usage-frequency-dependent failure
probability. The difference between this estimator and the estimator proposed by Pons
(1986) is discussed in Chapter 6.

The estimator in Chapters 4 through 6 is proposed for the cases in which the product
bivariate history is linear and only the event point, failure or censoring, is observed. Chapter
7 investigates the cases in which every product history is observed. Variables which affect
the failure mechanism are commonly referred to covariates. For example, the temperature
and the relative humidity are sometimes included into the analysis of reliability data as
covariates. Recently, covariates can be obtained continuously by the use of Information
and Communication Technology (ICT). Using a conversion model from a failure time to
a new value taking covariate information, a method to estimate the value of a covariate
effect on failure mechanism is shown. According to the above studies, it is shown that
user’s information such as usage-frequency and covariate becomes possible to be utilized

for lifetime estimation.
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