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Abstract

The “YAMAHA-PAS”’ which was released in November, 1993 is a hybrid bicycle which uses an electric motor
as a supplementary power source. It is equipped with a system in which the electric motor provides power in proportion
to human pedaling power. The ratio of human pedaling power to supplementary power is referred to as the “‘assist
ratio’’.

To achieve a vehicle which retains the advantages of a bicycle and is very easy to ride, it is very important that
the assist ratio A has little dispersion. Therefore, the assist ratio target is set at A*0.1,

The cause of dispersion in the assist ratio exists in all parts of the power unit and includes many factors.

The system was very difficult to optimize because of the variance in the assist ratio experienced at the early
stage of development. Therefore, the approaches such as parameter and tolerance design (approaches of quality
engineering) were used for the development. As a result, the variance (62) in assist ratio was reduced to 1/4.6
as compared with the pre-prototype model. The drawing tolerances which make it possible to attain the
assist ratio target were established. Based on the tolerances established, efforts were made to achieve the
required quality.

Previously, it was difficult to determine design dimensions and tolerances theoretically. However, the use
of the parameter design approach has made it significantly easy to determine them.
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