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Modern automotive electronic control units (ECUs) operate under complex, interacting stress conditions that cannot be
adequately represented by classical one-dimensional or even two-dimensional reliability models. Building on prior work in
stress-oriented reliability forecasting, this paper introduces an advanced three-dimensional distribution framework that
enables time-dependent reliability prediction based on time-independent stress functions. The model integrates three
dominant stress dimensions relevant for steering ECUs: EEPROM switching cycles, accumulated electronic operating load,
and temperature exposure profiles. Each stress dimension is modeled through an independent marginal distribution, and
the joint effect is characterized through a three-dimensional stress-interaction function that captures both correlation
effects and stress-coupled degradation mechanisms.

A key contribution of this work is a transformation approach that converts inherently time-independent stress variables
into a unified time-referenced reliability metric. This enables continuous prognostics without requiring explicit time-series
failure data. The method employs multivariate distribution fitting, degradation mapping, and a stress-to-time
transformation calibrated through empirical data. Validation is carried out using real field return datasets from Robert
Bosch GmbH, allowing the evaluation of predictive performance under authentic operational conditions and realistic
stress variability.

The proposed model demonstrates significant improvements in predictive stability and accuracy compared with
conventional one- and two-dimensional approaches. In particular, it captures failure modes driven by combined stress
exposures, reproduces field behavior with higher fidelity, and provides more reliable end-of-life forecasting. Furthermore,
verification using independent field datasets confirms the model’s robustness and its capability to generalize across
component variants and usage profiles.

The results show that the introduced three-dimensional stress-based reliability model constitutes a scientifically rigorous
and practically applicable framework for forecasting the reliability of automotive ECUs operating in safety-critical
environments. It provides engineers and reliability practitioners with a powerful tool for early-life prediction, stress-driven
design optimization, and field-oriented risk assessment.
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