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Reliability assessment of a multiredundant repairable mechatronic system

Modelling the reliability of redundant systems is an important step to estimate the ability of a system to meet the required specifications. Markov chains have characteristics making it very simple the graphie representation of this type of model. They however have the disadvantage of being quickly unworkable because of the size of the matrices to be manipulated when systems become complex in terms of number of components or states. This issue, known as of combinatorial explosion is discussed in this chapter. 2 methods are proposed. The first one uses the concept of decoupling between phenomena driven by different dynamics. The second is based on a principle of iteration after cutting the model into classes of membership. Both are based on the principles of approximating the exact result by reducing the scale of the problem to be solved. A case study is eventually carried out, dealing with the reliability modelling and assessing of a mechatronic subsystem used for an Unmanned Aerial Vehicle flight control with a triple triple modular redundancy. Results are discussed.

X.

Introduction

The growing complexity of industrial systems is mainly due to the increasing variety of technologies involved in their implementation, e. g. mechanical, electronic and software components. Therefore, the reliability analysis, one of the most important problems for industrial systems, becomes extremely difficult. lncorporating redundancy into systems generally leads to increased reliability. Hardware redundancy is widespread in areas where dependability is critical to people and environment safety as in aerospace, spatial, defence or nuclear industries. Generally, real systems consist of several components and have several failure modes. Such systems are called complex and their analysis can become difficult when the number of components increases. This set of values correspond to a multiplication by 500 of the rates between subsystems. For these values, the application of the product form method provides inaccurate or even erroneous results 3 • The use of the iterative method allows then the compensation for the shortcomings of the first approach. (Eq.s 3-4) stopped after only 6 iterations give quite acceptable results. The comparison between exact and approximate values by both methods is presented in (Fig. X.11) for the most significant states. Note that the distribution into classes was not influenced by the results of the first method. If that were the case, the convergence would have been even faster.

3 lt would be logical in such a case, to reverse the process decoupling but our intention here was to observe the behaviour of the iterative method when product calculations do not give satisfactory results. Let us not that the rates considered here are meaningless.
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  Fig. X.10 Dispersions noted on the results achieved by product form calculations