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The effect of dimensional deviations on the unbalanced forces and moments of a Four-
Cylinder internal combustion engine
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Technology Institute of Mechanical Engineering, Amirkabir University of Technology,
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M. Ghasabzadeh Saryazdi

Abstract

In the present study, the influence of dimensional tolerances of components of a four-cylinder internal combustion engine compared
to the ideal state is identified as an important factor in the dynamic balance of the engine mechanism, and it is considered in the
tolerance analysis of unbalanced forces and torques on this mechanism. In the case study, dynamic analyses are performed for an
internal combustion engine, and the range of output unbalanced forces and torques is obtained using three methods: Monte Carlo,
root sum square, and worst-case scenario. Finally, for validation, the results obtained from these three methods are compared. The
results show that if the tolerances are within the allowable range, changes in parameters have a negligible effect on the level of
imbalance of the mechanism. However, for tolerances outside the allowable range, changes in parameters have a significant effect on
the level of imbalance, resulting in differences from the nominal values of approximately 42 Newton (approximately 0.33%) for
force and 55.4 Newton-meters (approximately 0.48%) for torque when using a conservative worst-case simulation method. For
tolerances outside the allowable range, differences from the nominal values reach approximately 579.1 Newton for force and 44.59
Newton-meters for torque. The results of the sensitivity analysis from the root sum square method show that changes in the
crankshaft radius have the greatest effect on unbalanced forces and torques.

Keywords: Dimensional tolerance, Internal combustion engine, Unbalanced Force and Moment, Monte Carlo method, Root Sum
Squared (RSS) Method, Worst Case method
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