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Abstract

This study applies the Taguchi method to optimize the running performance of an
air-powered balloon car, utilizing the time required to travel a 2-meter distance as a
"smaller-the-better" quality characteristic. Four control factors—aperture size, nozzle
length, balloon inflation volume, and chassis material—were selected at three levels
each, and an Lo (3*) orthogonal array was employed for the experimental design. To
ensure measurement reliability and mitigate observational variance, high-speed slow-
motion video recording and three experimental replications (n=3) were implemented.
The signal-to-noise (S/N) ratio and main effects analysis indicate that the relative
significance of the factors is ranked as follows: aperture size, chassis material, nozzle
length, and balloon inflation volume. The confirmation experiment verified that the
optimal parameter combination is A,B;C,D, (medium aperture, 5S-cm nozzle length,
medium inflation volume, and wooden popsicle stick chassis). Under this optimized
configuration, the average travel time was significantly reduced from 2.117 to 1.173
seconds, achieving a 44.57% improvement in driving efficiency. Furthermore, the S/N
ratio increased from -6.513 dB to -1.388 dB, yielding a substantial quality gain of 5.125
dB. These empirical findings demonstrate that the Taguchi method effectively enhances

both the driving efficiency and robust performance of the vehicle system.

Keywords: Taguchi method, Orthogonal array, Smaller-the-better characteristic,

Signal-to-noise (S/N) ratio, Parameter optimization, Confirmation experiment
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