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Abstract: Degradation analysis is one of the most important approaches in evaluating the
reliability of multi-component systems. Improving the performance of real systems
requires the use of an efficient approach to analyze the degradation considering the
interaction of system degradation processes. Literature shows that the degradation
analysis of multi-component systems has been investigated by researchers, but based on
the best knowledge of the authors, this approach has not been contributed for analyzing
degradation processes of a system components. In the case that there is a functional
structure between the degradation of one or more components, it refers to as the profile
based on the statistical process control literature. The aim of this study is to provide an
efficient approach to predict and Assessment the variability of degradation processes
under the conditions of stochastic dependence. The proposed approach proposes the
possibility of predicting and assessment the variability of degradation processes at the
component and system level. In this paper, in order to Assessment the proposed approach,
the data set of a multi-component system is used. The analysis of the results shows the
proper performance of the proposed approach.

Keywords: Degradation Analysis, Stochastic Dependency, Multi-Component Systems
Aim and Introduction

engineering systems are composed of components with multiple functions to provide the
entire system function. When the performance of components of a system decreases over
time due to wear, fatigue and corrosion, and as a result, the system fails. Therefore,
traditionally observations of the degradation of characteristics of systems have been
widely used to model the degradation processes and to Assessment the reliability of the
systems [2-3].

In many studies, researchers focused on degradation modeling and reliability analysis
based on one component. Whereas the components of the systems are often not
independent from each other in the real world. The existing systems usually consist of
several components, so that one can find easily the dependence and mutual effects
between the components that affect the performance of the entire system. Therefore, it is
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16 A New Degradation Analysis Approach for Multi-Component Systems

clear that the performance of the system depends on the performance of various related
components and the degradation analysis should be taken based on the consideration [1].
In this paper, we attempt to present a new approach for multi-component systems with a
structure of k-out-of-n components in a way that provides the possibility of predicting
and evaluating the variability of the component degradation under dependency between
the system components. For this purpose, in this paper, for the first time, the multivariate
profile monitoring approach is used in a complex condition of existence of covariance
relationship between the response variables.

Methodology

The purpose of this paper is to provide an efficient approach to predict and Assessment
the variability of the degradation processes of multi-component systems under the
conditions of stochastic dependency between the degradation processes, at both
component and system levels. Therefore, in this paper, a multi-component system with a
structure k-of-n is considered under the condition of random dependence between the
degradation processes of the components

Findings

In order to numerically test, the simulated data of a 2-out-of-3 component system has
been used. Some of the results are as follows:
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Figure 1- Control chart of the degradation process of component 1
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Figure 2- Control chart of the degradation process of component 2
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Figure 1 shows the changes in the degradation process of component 1 of the system.
Figure 2 shows the changes in the degradation process of component 2 of the system.
Figure 3 shows the changes in the degradation process of component 3 of the system.
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Figure 3- Control chart of the degradation process of component 3
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Figure 4- Control chart of the system degradation process

Figure 4 shows the changes in the system degradation process.

Discussion and Conclusion

proposed a new approach to assess the process of variability of degradation processes of
multi-component systems under the conditions of stochastic dependency between the
degradation processes for the first time in the literature. In a way that gives the possibility
to technical experts in the field of maintenance and repairs, with a predictive and
preventive approach, while evaluating the performance and prioritizing different
components in terms of carrying out preventive maintenance and repairs in an effective

way. act in such a way as to prevent system components from breaking down.
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