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Vibration and over-run cause unclear view, noise and, in the worst case, a wiper system is broken. Conventionally,
these phenomena are reduced by tuning of mechanical design in a trial and error manner. However, a new approach is
expected due to the recent vehicle design requirements. Therefore, this study considers the control technology to
reduce vibration and over-run by servo motor control. Because important factors such as occurred timing, causes are
different, it is necessary to develop individual control technology for reducing them.

Vibration of wiper system is self-excited oscillation that is caused by the property of friction between rubber and
windshield. Because the expectation in a timing to occur is difficult, measurement of vibration is necessary for to
reduce it by control. However, installation of a new sensor is difficult for the reason that increase of cost, securement of
reliability and so on. Therefore, estimation is suggested. Here, the dynamic model that replicates self-existed vibration
is necessary. However, the property of friction is non-linear and discontinuous. For this issue, the equation of friction is
divided into two portions depending on or independent of velocity. By the above method, it becomes possible that the
Extended Kalman Filter is able to be applied without changing characteristics on the wiper model. After that, the state
feed back control gain is designed for vibration reduction and reciprocal movement. Here, to design the controller
efficiently and easily, two method of design are suggested. The first method focuses on the mode of the system for
reducing movement of primary vibration mode. The second is using the pole-placement method to focus on the
eigenvector. Finally, vibration reduction becomes possible by using the estimated value and the designed controller.

Next, this study considers the optimization of wiper’s periodic motion to reduce over-run by servo motor control.
Because the frictional property of a windshield surface is complicated and difficult to be modeled mathematically, this
study applies the response surface method to minimize the magnitude of over-run including undershoot (Hereafter,
only the term “over-run” is used). In order to visually understand the property of over-run, the motion trajectory should
be described by two parameters so that the property of over-run can be illustrated graphically in a three-dimensional
space versus these two parameters. Hence, this study presents a method to describe the motion trajectory of a wiper by
two parameters, by which the peak velocity position and the velocity reduction ratio around the reversal position of
motion can be explicitly adjusted. The effectiveness of the proposed approach is confirmed by simulation and

experiment, in which the approximated response surface can be generated with practical number of experimental data.




