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Robust Design and Mechanism Elucidation for Three-Cylinder Engine Idling Vibration Using

Machine Learning in Multi-Dimensional Design Space Analysis
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Using a Gaussian process regression model that achieves high-precision prediction with a small dataset, this study conducted robust
specification identification and phenomenon analysis of idle vibration in a three-cylinder engine. By utilizing a hypercube, robust
specifications that account for manufacturing variations were successfully identified. In addition, this study clarified the mechanism by which
the proximity of engine rigid body eigenvalues amplifies floor vibration.
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+ 10% variation in mass production
Variables Paranz Lower Upper

Design RH mount stiffness Xdir 100 N/mm 200 N/mm
variables
(Input) Zdir 100 N/mm 200 N/mm
LH mount stiffness Xdir 100 N/mm 200 N/mm
Zdir 100 N/mm 200 N/mm
Torque rod stifiness Xdir 50 N/mm 150 N/mm
Position of RH mount Xdir -20 mm 20 mm
Zdir 150 mm 190 mm
Position of torque rod Y dir -85 mm -10 mm
Crankshaft balance ratio 0% 100 %
Required Engine 1st order Floor vibration at 600 rpm (AC off) <-66 dB
performance
(Output) Floor vibration at 875 rpm (AC on) <-54dB
Engine 1.5th order Floor vibration at 600 rpm (AC off) <-25dB
Floor vibration at 875 rpm (AC on) <-26dB

Vol. 80, No. 9, 2026. ©2026 JSAE



