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Investigation of Rolling Characteristics of a Ship using the Inertial
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Abstract: There are ship accidents due to overturn and sink. It is believed to be caused by loss of restoring force due to overloading
and misadjustment of ballast water. The restoring force is the force that attempts to return to the original posture when an external
force such as waves are acting during navigation and tilts to the left or right. Generally, the restoring force is calculated using the
hull weight and the floating position. Another method is achieved by calculating from the roll cycle of the hull. This research adopts
the second method. The rolling is largely involved in the wave of the sea surface and the state of the hull. When wind blows at the
sea, wave energy propagates from windward to leeward. Therefore, it is considered that the restoring force can be estimated from
wind speed and wind direction. Conventionally, the restoring force has been measured from the floating position and the center of
gravity position of the ship, in this research, the inertial sensor was used to measure and analyze the roll characteristics of a ship.
As a result of the experiment, the correlation between the analyzed rolling characteristics and the wind speed was confirmed.
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Figure 1 Ship motion in waves.
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Figure 2 Factors of ship motion and estimation of
restoring force.
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Figure 3 The axial direction of the acceleration sensor.
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Tablel  Specification of acceleration sensor (ADXL 355).
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Figure 4 Wind direction anemometer (N-162D).
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Figure 5 Automatic Ship Identification Sensor (FA-150).
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Inertial measurement device (TMOS-2000).
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Table 2 Specification of inertial measurement device
(TMOS-2000).
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Figure 8  Frequency spectrum of roll angle data during
operation.
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Figure 7 Frequency spectrum of acceleration data during
operation.
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Figure 10 . Frequency spectrum of roll angle data at
anchorage.
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Figure 13 Time series data of roll angle on November 10.
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Figure 12  Time series data of acceleration on November 10.
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Figure 11 Time series data of roll angle on 11th
November.
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Figure 16 Time series data of acceleration on 11th
November.
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Figure 15 Time series data of roll angle on 12th
November.
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Figure 14 Time series data of acceleration on 12th
November.
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