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Abstract: This paper develops a generic degradation model based on Dynamic Bayesian Networks (DBN) which predicts the
condition of a technical system. Besides handling bi-directional reasoning, a major benefit of modeling this degradation
model by means of a Dynamic Bayesian Network is its capability to adequately model stochastic processes as well as
Markov chains. We will assume that the behavior of the degradation can be represented as a P-F-curve (also called
degradation or life curve). The model developed here is able to combine information from condition monitoring systems,
expert knowledge and statistical uncertainties. Furthermore it can include any kind of observations like sensor data or
notifications by the machine operator. Thus it is possible to even take the environment and stress into account under which
the component or system is operating. That’s why it is possible to detect potential failures at an early stage and initiate
appropriate remedy and repair strategies.
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1. Introduction
Unexpected downtime from machine failure in manufacturing causes critical loss of production and financial loss
(Hirschmann, 2007). To mitigate these effects, it is important to develop procedures for predicting component failures.
Traditional life tests record the time to failure, but it is difficult to give a statement about the durability of a single component
and accurately predict failures before they occur (Lu & Meeker, 1993). This is because only failure times are taken into
account, but products might just as well have construction faults, operating errors, or there may be other reasons which can
cause initial failure. Moreover, when products are highly reliable, the accumulation of failure time data can be expensive and
impractical due to the long time it takes for any component to fail (Robinson & Crowder, 2000). Therefore, it would be
useful to have a predictive model which prognosticates failures before they happen. To develop such a model, we may
consider that degradation eventually leads to a weakness that can cause failure. Therefore, if it were possible to measure
degradation, this could provide more information than time-to-failure data about the reliability of production systems and the
causes of their failure. Consequently, a relationship between live observations and degradation has to be found, as well as a
relationship between degradation of components/systems and failure. Once both relationships are established, it is possible to
estimate how badly the component/system is degraded, as well as to predict failure and the time-to-failure based on live
sensor data.
This approach would allow the reliability of manufacturing equipment to be enhanced by providing information on
the condition of the different components and systems during the lifetime of a product line, and whether it is possible to use
them again in new product lines. Therefore, this would be highly profitable.
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