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Electric vehicle braking relies on a combination of regenerative and friction brakes. While regenerative braking is not sufficient to cover all types of situations, the use of friction braking is known to generate different types of environmental disturbances. In particular, fine particles are emitted causing air pollution and important human health issues [1]; and high-intensity tonal noise, referred to as squeal, may be generated resulting in nuisances for the users [2]. While the understanding of these phenomena is the subject of numerous studies, the physical mechanisms at their origin remain unclear. In order to achieve reduction targets, it is essential to gain a better knowledge of these emission phenomena.
This work proposes an attempt to delve into this intricate problem through a systematic analysis of experimental data using machine learning methods. To this end, pin-on-disk experimental braking tests are conducted using materials extracted from actual vehicle brake systems. The test device is highly instrumented allowing for a wide collection of data. In particular, continuous measurements of forces, displacements and accelerations are taken. In addition, thermocouples embedded within the pin under the contact surface allow for an estimate of the local near-surface temperatures. The emissions are monitored as well: the sound is recorded and the emitted particles are collected, allowing their quantity to be measured for different size ranges between 0.3 nm and 10 µm. Moreover, a discrete tracking of the surfaces profilometry is carried out between each braking sequence.
The collected data enable the generation of a large database, whose systematic analysis is conducted through the use of machine learning techniques. As a first step, each braking test is classified according to its emission characteristics using clustering methods. For instance, with respect to squeal, similar tests are grouped considering the squealing frequency. This first step allows to capture the similarities among each cluster, providing valuable information about the most significant factors for each emission class. Thereafter, prediction models are built using supervised learning techniques. These models aim to predict the emission class based on a chosen set of test features. They demonstrate solid performances in the prediction task while also providing a quantitative indication of the most predominant features for each emission class. 
These different analyses show the major role played by near-contact temperatures in brake emissions phenomena. In particular, temperature proves to be a reliable indicator of the occurrence and frequency of brake squeal. Overall, the data analysis conducted enables the identification of risk zones for emissions in the test features space, and offers new insights into the understanding of the physical source mechanisms. Ongoing investigations are related to the identification of key factors for the emission of particulate matter, and to the relationships between the correlations observed and the tribological mechanisms activated. This knowledge will help define mitigation strategies for brake-related particles and noise emissions.
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