A characterisation of bicycle powertrain losses due to chainring deflection
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Abstract

The engineering of a modern road racing bicycle is ever increasing in complexity, one component that
does not see many major improvements is the chainset. This study is to focus on the chainset,
specifically the amount of displacement of the
lost into the chainset. The calculated data can be used to lighten or decrease the power losses in
future chainset designs.

Introduction

There have been many studies into the elastic deformation of bicycle chainsets [1,2,3], however these
studies were focussed the planar deflection and did not consider the deformation on the chainring.
Due to the geometry of the samples the main expected displacement of the chainring is in the Z
direction (out of plane). The out of plane displacements of the chainset requires the use of 3D DIC,
using binocular-stereovision to provide the Z displacements. The displacement data is converted into
strain energy values which correspond to power losses into the chainset. The two samples under
comparison are a Shimano 105 4 arm asymmetric chainset and an FSA Gossamer 5 arm symmetric
chainset.

Completed Work

The previous studies have only considered the planar displacement of the chainset with the
displacement being measured at the pedal axle and chainset being fixed by the chain. The
experimental set-up of this study is very similar, the chain is fixing the chainset and there is a load
applied at an offset at the pedal axle. A tensioner must be used to ensure that there is no slippage of
the chain.

A commercially available DIC system, from LaVision, has been used to take displacement
measurements, with the use of a StrainMaster DIC controller and DaVis software. The Surface height
and deformation field within DaVis has been utilised to obtain the average maximum non-planar
displacement over the region of maximum displacement for each of the two samples. The data shown
in Figure 1 & Figure 2 has been collected under the maximum loading condition.
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Figure 1: 105 Chainset strain value comparisons
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