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Robust control of a heave compensation system for offshore cranes considering the time-delay
Hyung-Seok Seong' - Hyeong-Sik Choi
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Abstract: This paper introduces a heave compensation system for offshore crane when it subjected to unexpected disturbances such
as ocean waves, tidal currents or winds and their external force. The dynamic model consists of a crane which is considered to
behave in the same manner as a rigid body, a hydraulic driven winch, an elastic rope and a payload. To keep the payload from
moving upwards and downwards, PD(Proportional-Derivative) control was applied by using linearization. In order to achieve a bet-
ter performance, the sliding mode control and the nonlinear generalized predictive control algorithm was applied according to the
time-delay. As a result, the oscillating amplitude of the payload was reduced by the control algorithm. Considering the time-delay
involved in the system to be one second, nonlinear generalized predictive controller with a robust controller was a suitable control
algorithm for this heave compensation system because it made the position of te payload reach the desired position with the mini-
mum error. This paper presented a control algorithm using the robust control and its simulation results.
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Table 1: Parameters used for the simulation in analyzing nu-

merically

Symbol Description Units Value
E Young’s modulus N/m?* | 200x10°
A Intersection of the cable m? |7 x (0.025)?
ly Length of the cable m 2000
m,, Equivalent mass kg 3.8 % 10°
7, Time constant - 0.07
Ty Radius of the winch m 1

Figure 1: The block diagram for active heaving compensa-
tion system
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Figure 2: The relative motion of payload in heave compen-
sation system
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Figure 3: The relative motion of payload in heave compen-
sation system with PD control
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Figure 4: The relative motion of payload in heave compen-
sation system with sliding mode control input applied
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Figure 5: The relative motion of payload in heave compen-
sation system with sliding mode control input applied where
1s time delay existing

Figure 6: The relative motion of payload in heave compen-
sation system with both sliding mode control input and non-
linear general predictive control input applied where 1s time
delay existing
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