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An articulated leg platform (ALP) is a compliant offshore structure deployed in deep waters for extraction of crude oil
and natural gas. Under extreme wave conditions, the response of ALP can go beyond the expected limit, causing discomfort
to occupants and creating unfavourable working conditions. Therefore, it is necessary to control the dynamic response of
ALP to keep it safe and workable under extreme ocean conditions. Owing to several advantages and the popularity of
the magnetorheological damper (MR damper) in structural control, a numerical study is carried out to investigate the
performance of the MR damper for response control of ALP. The use of semiactive control techniques with the MR damper
for response control of flexible structures such as ALP is not available in literature. In the present study, the linear quadratic
regulator technique is used to find the desired optimal control force. The voltage supply to the MR damper is obtained using
four well-established control algorithms (Passive-on, Passive-off, Direct control, and Clipped optimal), and their efficiency
in response control of ALP is discussed. It is observed that the Passive-on works better than does the Direct control and
Clipped optimal algorithms in the case of flexible structures such as ALP under random ocean waves.

INTRODUCTION

Offshore platforms such as articulated towers are designed to
be installed in deep waters for extraction of petroleum and nat-
ural gas. Under extreme ocean environments, the platform may
undergo excessive surge displacement and cause discomfort to the
crew and create hostile working conditions. Therefore, it is neces-
sary to mitigate the tip displacement of the platform and preserve
structural integrity, safety, and serviceability. One way of reduc-
ing the response of structures is by increasing its stiffness, which
may be uneconomical (Rahbari and Talatahari, 2014). Moreover,
for flexible structures such as an articulated leg platform (ALP),
the natural frequency of the structure is kept well below the wave
lower bound frequency; increasing the stiffness of ALP will shift
its natural frequency close to the range of dominant wave frequen-
cies. Therefore, it may result in a resonance condition, and ALP
may exhibit higher responses. Alternatively, one can use exter-
nal damping devices to reduce the response of the structure. The
damping device can minimize the response of the structure by
dissipating the input energy through various mechanisms.

Control techniques for response reduction of structures have
been extensively studied by several researchers (e.g., Kareem,
1990; Jung et al., 2003). These are mainly passive, semiactive, and
active methods. Semiactive control methods have the reliability of
a passive system and the adaptability of an active control system
(Dyke et al., 1996). As a semiactive device, the MR damper is
found to be promising in reducing the vibrations induced in struc-
tures as a result of environmental loads. MR dampers have been
used in automobiles, civil engineering, and, of late, offshore struc-
tures, particularly jacket structures (Paul et al., 2009; Som and
Das, 2018). The JZ20-2NW located in the Bohai Gulf of China is
the first offshore platform in the world, which is installed with an
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MR damper (Wu et al., 2011). MR fluids are insensitive to impu-
rities and can operate over a broad range of temperatures (Weiss
et al., 1994). MR dampers behave similar to a passive device in
the case of power failure or control hardware malfunction (Dyke
et al., 1996), and they consume less power to change MR damper
internal property, which makes the MR damper more appealing
for response control of deep water structures such as ALP.

In the recent past, semiactive control techniques for response
reduction of civil structures have been studied extensively. Bitaraf
et al. (2012) observed that the MR damper improved the seismic
performance of structure, but the hydraulic actuator caused insta-
bility. Mohajer Rahbari et al. (2013) proposed a Direct control
algorithm for the design of voltage supply to the MR damper. It
is observed that the Passive-on and Clipped optimal also showed
better performance on a case-by-case basis. Heo et al. (2014)
found that the Passive-on is effective in response control of a
cable-stayed bridge, but the voltage and force generated is higher
than in the semiactive algorithms.

Several researchers (e.g., Taflanidis et al., 2009; Ha and
Cheong, 2016) worked on passive control of offshore structures.
Passive control systems are more efficient in controlling stiff
structures than flexible structures. The implementation of passive
control systems such as tuned mass dampers and tuned liquid
dampers to flexible structures is arguable because of its efficiency.
Several researchers developed semiactive controllers to reduce the
dynamic response of flexible offshore structures such as floating
wind turbines and marine vessels (Dinh et al., 2016; Xu et al.,
2017). The MR damper for semiactive control of a fixed offshore
structure is investigated by several researchers (Paul et al., 2009;
Som and Das, 2018; Honarparast et al., 2020). However, limited
work is available in dynamic response control of floating struc-
tures using an MR damper (Kang et al., 2014; Park et al., 2019).

An offshore structure such as ALP, which carries huge platform
mass, develops high moment force at the hinge point. To control
the response of such a structure, a damper with high capacity is
required. Therefore, very few studies regarding response control
of ALP are available (Suneja and Datta, 1998, 1999).

To our best knowledge, the use of a control device for response
reduction of single hinged articulated towers is limited. Also, the
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