Roller chain drive efficiency. Roller motions influence.
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Roller chains are nowadays widely used in various applications such as handling, conveyor systems, engines, etc. Roller chains are also used in bicycle transmissions where they face specific constrains. This study focuses on single speed bicycle transmission (i.e., without derailleur system). This type of drive is used for urban cycles as well as sport applications such as BMX or track cycling. The efficiency of these transmissions is known to be very good (about 99% [1], [2]). However, in high-performance sport applications where victory can be decided within milliseconds, all parts of the athlete’s bicycle must be studied for possible optimisation. Losses in roller chain drives are deemed to be caused by the movement experienced by each link during its meshing/un-meshing (see Figure 1, [1]). The aim of this study is to improve the knowledge about the losses caused by the motion of each roller along its corresponding tooth profile (Figure 1). Indeed, Kim [3] shows that this motion exists for a wide range of drives and loading conditions. The losses caused by roller motion are calculated using a dedicated model and compared to meshing losses for relative influence evaluation.
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[bookmark: _Ref125970832]Figure 1: Meshing and roller motion phenomena, from [4]
A model dedicated to the study of single speed bicycle drives is presented. This quasi-static model allows the estimation of losses caused by the relative motions between the chain parts (meshing and roller motion). The dynamics effects (e.g., vibration) are neglected as bicycle chains are usually relatively light (about 3g per link) and rotate at low speed (maximum 130 rpm for the driving sprocket). The presented model is compared to experimental results to validate the predictions.

The model results show that the roller motion, and thus the associated losses, are highly dependent on the loading conditions (mainly drive torque). These losses can represent up to 50% of the total losses depending on the configuration. As a consequence, the losses due to roller motion should be considered when evaluating the efficiency of a chain drive.
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