
1. Introduction

Certain types of facilities operating offshore need to maintain their 
position, for which diverse mooring systems are employed, such as 
single point mooring (SPM), spread mooring, and turret mooring 
systems (TMSs). TMSs are widely used in relatively harsh 
environments. The use of a turret allows a vessel to rotate towards a 
predominant external load to reduce its effective load. However, 
floaters equipped with a turret might experience a fish-tailing 
phenomenon in specific conditions, and in severe cases, the motion 
will worsen.

Since turrets are widely utilized, abundant research has been 
accomplished, which has mainly been about the yaw behavior or 
factors related to heading stability. Various causes have been 
suggested as factors in yaw motion of turret-moored floaters, but the 
underlying causes still need to be verified. Munipalli et al. (2007) 
examined the response of the heading under conditions with multiple 
regular waves and fixed steepness from head sea. They found that 
large yaw motion occurred for a shorter wave period. Cho et al. (2013) 

experimented with the yaw motion of a turret-moored floating body in 
regular waves with fixed wave steepness.

Studies have examined the effect of the distance between the turret 
and the center of gravity ( ) of a system and the distance between   
and the center of the turret ( ). The maximum yaw angle in regular 
waves was analyzed, and it was found that when the turret is closer to 
 , the yaw motion is larger (Yadav et al., 2007). Sanchez- 
Mondragon et al. (2018) compared the results of a similar study with 
different configurations and wave steepness. The configuration and the 
environmental conditions were varied, and the turret position and the 
mooring stiffness influenced the specific wave period between 15.0 
and 19.0 s.

Kaasen et al. (2017) concluded that the interaction between yaw and 
sway is most important in their research on the heading control of 
turret-moored floating production storage and offloading (FPSO), 
which they performed with a simplified model. Garza-Rios and 
Bernitsas (1999) presented a mathematical model for the nonlinear 
dynamics of slow motions in the horizontal plane of a TMS in terms of 
the equation of motion. They proved that if the friction moment 
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between the turret and the vessel is ignored, the dynamics in the 
parametric design space for both SPM and TMSs are qualitatively the 
same.

Mathematical approaches have been used to investigate yaw 
instability. Pinkster (1979) computed the second-order mean drift 
force through direct integration of the pressure on the wetted surface. 
The yaw motion depends on the wave drift force exerted by the 
first-order body motion and 2nd order low-frequency wave excitation 
force, which various studies have investigated. Morandini and Wong 
(2007) outlined a method to estimate the heading of a turret-moored 
vessel in terms of the relation between the equilibrium heading and 
stability. Milne et al. (2016) presented a reliable method to estimate 
the heading of an operating FPSO by combining numerical-based 
prediction of MetOcean conditions. They indicated that the mean drift 
force and wind load are dominant in the turret moment. However, 
these studies considered regular waves from the head sea or used 
information provided by a particular agency.

In this study, experiments were conducted on an FPSO that will be 
installed in the Arctic Ocean, where it will experience various wave 
conditions and incoming wave directions. The parameters related to 
the turret were used to reproduce the yaw motion. Simulations were 
done with consideration of the rotational stiffness and rotational 
damping on the turret, and the results were compared with 
experimental results.

2. Model Description

A model test of a turret-moored FPSO in deep water conditions was 
conducted in the wave basin at Changwon National University, Korea. 
The dimensions of the basin are 19 m (L) × 14 m (B) with an available 
depth of 1.5 m. With a scale ratio of 133.33, the total volume of the 
model achieves a 1.00% difference between the measured and target 
displaced volume (measured: 163,554 m3) for full load conditions. The 
main parameters of the original FPSO designed by Samsung Heavy 
Industries and the scale model are summarized in Table 1.

Table 1 Main parameters of the FPSO model 

Description Prototype Model Unit
LOA 250.3 1.880 m
LPP 244.0 1.830 m

Breadth 50.0 0.375 m
Depth 44.0 0.330 m
Draft 18.6 0.140 m

Volume 163,215.0 0.069 m3

XCG 117.7 0.883 m
YCG 0.0 0.000 m
VCG 19.5 0.146 m

2.1 Coordinate System
The origin of the global-fixed reference frame ( ) is regarded as 

 , and that of the locally fixed reference frame ( ) is regarded as the 
center of the midship section. When the FPSO rotates with respect to 
 , the surge and sway forces and yaw moment are applied to  . 

Thus, the movement of   ( ) is described with respect to   and the 
turret position ( ), as shown in Fig. 1.   can be described using Eqs. 

(1)-(3) (Ragazzo and Tannuri, 2003; Sanchez-Mondragon et al., 2018). 

∈   → (1)

 (2)

where  is the distance between   and  ,   is the yaw angle, and 
() is the attitude matrix of the vessel.

  cos sin
sin cos

(3)

2.2 Turret Mooring Arrangement
To provide a weathervaning function, the model is equipped with 

an internal turret as a structural component, which allows the 

(a) Global-fixed reference frame () and local-fixed reference frame ( ) (b) Reference origin

Fig. 1 Coordinate system and reference origin
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Fig. 2 Diagram of mooring arrangement

Table 2 Properties of mooring line elements

TOP MID BTM unit

Segment Chain Wire Chain -

Length 60 200 780 m

Diameter 171 153 171 mm

Grade Studless, 
R4S

Spiral 
strand

Studless, 
R4S -

Weight in water 508.63 107.22 508.63 kg/m

Weight in air 581.89 122.18 581.89 kg/m

Pretension 2,703 kN

Pretension angle 125 deg

Inner/outer 
bundle angle 2 / 42 deg

Footprint radius 1,000 m

Single line stiffness 2.497E6 (Chain) / 1.237E6 (Rope) kN/m

vessel to rotate to the equilibrium angle to counteract to the varying 
environment. The turret is located at 50 m in front of. It has a diameter 
of 16 m and a projection area of 6 m underneath the baseline. The 
turret is fixed to the seabed through 16 identical mooring lines, which 
are composed upper and lower chain segments and middle wire 
segments. A catenary mooring system was adopted. 

The mooring lines are symmetrically arranged in four groups of four 
lines, and the lines are 2° away from each other. Each groupis 
separated by an angle of 42°, as shown in Fig. 2. The properties of each 
mooring element are shown in Table 2. The designated pretension for 
all lines is 2,703 kN in loaded conditions. 

2.3 Test Conditions
Regular wave sets were tested, and their parameters are summarized 

in Table 3. The incoming waves were considered as coming from three 
directions at counterclockwise intervals of 45° from 180°. Head sea, 
oblique sea, and beam sea were examined, and the incident wave 
angles were 180°, 225°, and 270°, respectively. The ITTC (2002) 
recommends analyzing 5 to 20 signals to obtain steady-state results 
from model tests in regular waves. Therefore, signals were measured 

Table 3 Test matrix for regular waves and scale prototype

Case
Wave period Wave 

frequency Wave length Wave height

T (s) ω (rad/s) λ(m) H (m)

RW01 8.08 0.78 102.7 5.33

RW02 9.24 0.68 133.3 5.33

RW03 10.39 0.60 169.3 5.33

RW04 10.97 0.57 188.0 5.33

RW05 11.55 0.54 208.0 5.33

RW06 12.70 0.49 252.0 5.33

RW07 13.86 0.45 300.0 5.33

RW08 15.01 0.42 350.7 5.33

RW09 16.17 0.39 406.7 5.33

for 2,000 seconds using a scale prototype. Various wave directions 
were not available in the model test, so the model was tested in 
multiple directions by rotating it.

3. Experiment of Heading Stability

3.1 Experimental Setup
Several instruments were used to measure the motion of the FPSO 

and the tension of the mooring lines, as illustrated in Fig. 3. To achieve 
the target wave conditions in Table 3, the wave height at the position 
where the model would be installed was measured by a wave gauge 
with 1% tolerance. An optical measuring instrument (RODYM-6D) 
was used to measure the 6-degree-of-freedom (DOF) motion of the 
vessel at . Its tolerance is 0.1 mm in this arrangement, which is 
considered adequate to collect data. The mooring tension on the turret 
was measured by water-proof load cells, which each have a maximum 
capacity of 30 N with 1% tolerance. All channels were calibrated.

3.2 Experimental Results
Static analysis was conducted to verify the horizontal restoring- 

force characteristics of the full-scale prototype. Since the mooring 
lines were arranged symmetrically, the mooring restoring forces in the 
surge and sway directions were considered to be the same. A static 
pull-out test was performed in the surge direction by applying different 
weights to move the model slowly, and the mooring tension was 
recorded. The test results were compared to those obtained from 
Orcaflex 10.3 and are plotted in Fig. 4. Both results match well, so the 
mooring system was deemed suitable.

Model tests were performed under several regular wave conditions. 
Various wave heights were applied in the model test, but in this study, 
a wave height (H) of 5.33 m was considered. The results of the yaw 
angle for each period in Table 3 are shown in Fig. 5. The heading 
angles converged depending on the varying wave periods, and the 
vessel heading rotated closer to the incoming direction of regular 
waves, which have relatively short periods in both sea states. 
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Fig. 4 Results of static pull-out test

Moreover, the equilibrium headings are identical for both oblique sea 
and the beam sea conditions at the same wave period except for the 
three longest wave periods.

4. Numerical Analysis

4.1 Hydrodynamic Computation
To obtain the hydrodynamic properties of the model, a numerical 

analysis was performed using Hydrostar v7.3, which was developed by 
Bureau Veritas. This software is capable of calculating the first-order 
and the second-order wave-induced forces and motions on a floating 
structure. Diffraction and radiation problems are solved based on 
potential flow theory (Chen, 2009), and the velocity potential is solved 
by the panel method. The examined FPSO has a box shape (Fig. 6), so 
there is negligible influence of the hull shape due to the limited 
analysis range of potential theory, which is limited to below the free 
surface. For computational efficiency, 3,250 mesh elements were 
applied, and 40 wave frequencies of .05 to 2.00 rad/s were used with 
36 headings at 10-degree intervals from 0 to 360°. To validate the 
results, the displaced volume was compared, and it had a 0.11% 
difference from the prototype results, so it is regarded as suitable for 
further analysis.

The wave drift force is a second-order load acting on the vessel 
subject to the waves. It is important for the horizontal motion of the 
vessel as the force occurs in a region of relatively low frequency. The 
second-order wave drift force can be estimated from the first-order 
QTF matrix using a middle-field formulation presented by Chen 
(2007). In the new middle-field formulation, the second-order wave 
loads are obtained by applying two variants of Stokes’s theorem and 
Gauss’s theorem to the near-field formulation. The shape of the bow 
and stern near the free surface is not quite wall-sided, the middle-field 
formulation was selected to calculate the second-order wave load.
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Fig. 3 Diagram of experimental set up

 

(a) Incident wave angle: 180°
[Head sea]

(b) Incident wave angle: 225°
[Oblique sea]

(c) Incident wave angle: 270°
[Beam sea]

Fig. 5 Yaw angle of FPSO over time with waves (model test)
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4.2 Heading Stability Analysis with the Vessel’s Hydrodynamic 
Characteristics

Orcaflex 10.3 was used to analyze the heading stability of the 
turret-moored FPSO. The reference system in Orcaflex consists of a 
global-fixed frame of reference, in which the centers of the turret and 
local fixed frame of reference are located at the center of gravity (Fig. 
1) (Orcina, 2018). The FPSO motion was modeled with 6 DOF, and 
the wave frequency (WF) excitation forces were obtained from the 
results of Hydrostar v7.3. Newman’s approximation was chosen for 
wave drift QTFs at the draft. The equilibrium position of mooring lines 
was computed based on the catenary method. 

The vessel can rotate independently of the turret, so the turret was 
modeled with limited rotation in only the z-direction, and a mooring 
line was attached to the turret edge. The build-up period was set to 
twice the wave period, and the dynamic calculation period was set to 
2,000 s. Static analysis was not performed so that the vessel response 
to the changing incident wave directions could be monitored. 

Only the hydrodynamic properties of the FPSO acquired from 

Hydrostar v7.3 were considered, which means that none the 
parameters were applied to the turret. Figs. 7–9 show the yaw angles in 
the head sea, oblique sea, and beam sea conditions with the regular 
wave conditions specified in Table 3. The results show that Orcaflex 
might require an additional parameter, such as the turret’s rotational 
stiffness or damping, which is related to the rotational velocity.

4.3 Relative Motion of the Turret and Vessel
A parametric study was conducted to examine the dependency of the 

parameters on the heading stability in regular waves (RW02). The 
parameter settings are shown in Table 4. The linear damping 
coefficient in the surge (B11), sway (B22), and yaw (B66) directions was 
calculated based on the recommendations of BV NR-493 (Bureau 
Veritas, 2015). To minimize the effect of roll on the yaw motion 
(Lugni et al., 2015), the linear roll damping coefficient (B44) was 
considered based on the result of a free decay test, which was obtained 
using the relative decrement method. The rotational stiffness () and 
rotational damping () were alternately applied in the range of 0 to 

Fig. 7 Yaw angle of turret-moored FPSO in time history (Head sea. Wave incident angle: 180°)

Fig. 6 Mesh generation
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1.00E07.
The maximum turret angle in beam sea conditions varied with the 

rotational stiffness (see Fig. 10). When the turret’s rotational stiffness 
was high (1E06 kN·m/deg), the turret rotated up to 58° with the vessel. 
On the other hand, the turret’s maximum rotation was 3° when the 
turret rotational stiffness was 10 kN·m/deg. Caille et al. (2014) 
estimated the turret release angle as 3.7°. Since the turret’s rotational 
stiffness is relatively small, the result can be considered reliable. For 
Fig. 10(b), a smaller turret rotational damping of 10 kN·m·s/deg was 

applied. The results fluctuate evenly, and the converged heading does 
not face the incident wave direction. However, in the case in Fig. 
10(c), the damping was 1E06 kN.m.s/deg, and the heading converges 
with a skewed fish-tailing phenomenon toward the incident wave 
direction.

Based on the results of the parametric study, Fig. 11 illustrates the 
relationship between the turret and vessel when the vessel rotates 
under the influence of external forces. When the environmental load 
increases, the vessel rotates with the turret until the moment on vessel 

Fig. 8 Yaw angle of turret-moored FPSO over time (Oblique sea. Incident wave angle: 225°)

Fig. 9 Yaw angle of turret-moored FPSO over time (Beam sea. Incident wave angle: 270°)
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due to the external load ( ) becomes greater than the moment due 
to friction ( ) on the contact surface between the vessel and 
turret. As the external load increases, the turret is released from the 
vessel and then both rotate independently. The vessel rotates toward 

the predominant environmental load, while the turret rotates until the 
difference between moments caused by the external force and the 
moment generated by the distortion of mooring line (Caille et al., 
2014).

Table 4 Matrix characteristics for parametric study of turret parameters

B11 B22 B44 B66 Rotational Stiffness () Rotational Damping ()
(kN/(m/s)) (kN/(m/s)) (kN.m/(rad/s)) (kN.m/(rad/s)) (kN.m/deg) (kN.m.s/deg)

341 1,361 7.04E05 6.73E06

0.00E00 0.00E00
1.00E01 1.00E01
1.00E02 1.00E02
1.00E04 1.00E04
1.00E06 1.00E06
1.00E07 1.00E07

(a) (b) (c) 

Fig. 10 Trajectory from the parametric study with respect to the turret’s rotational stiffness and damping

Initial position

Turret disengaged rotation independently

Turret engaged rotation

External load

: Vessel heading angle

: Turret rotation angle

Fig. 11 Relative rotation of turret against the vessel
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5. Estimation of Turret Parameters

5.1 Rotational Stiffness
The friction of the turret was tested in the air to obtain the rotational 

stiffness () caused by the turret. The model ship was placed on a 
cradle and a disc to wrap it with a wire that is attached to the bottom of 
the turret. One end of the wire was secured to the disc, and the other 
was connected to the weight through a pulley, as shown in Fig. 12(a). 
The traveling time and distance were measured when the turret rotates 
with differing weights (Fig. 12(b)). Constant velocity sections were 
considered to obtain the rotational velocity of the turret. 

The rotational stiffness was calculated using Eq. (4) with the result 
of the turret friction test and the properties. The rotational stiffness () 
was approximately 1.93 kN for the scale prototype. 

   

 (4)

where the frictional moment of the roll bearing is obtained by Eq. (5) 
(Koyo, 2007) 

 

×× (5)

where  is an equivalent weight load on the bearing,  is the friction 
coefficient and equal to 0.0015 (Koyo, 2007), and  is the diameter 
between the ball centers (Fig. 13(b)).

OD: 120

dm: 92.5

(unit: cm)8.0

4.3

7.6

3.9
8.6

4.5

Bearing (upper)

Bearing (lower)

(a) Detail of turret (section) (b) Detail of the bearing (plan)

Fig. 13 Information to estimate the turret’s rotational friction moment

5.2 Rotational Damping using Rotational Velocity (RDV Method)
As mentioned in 4.3, additional parameters to suppress the rotational 

velocity was considered. Generally, acting like a decelerator is known 
as damping, and this might be related to the rotational velocity as well 
as the moment in this case. Thus the difference of the velocity between 
simulation without additional parameter and the experiment was used. 
As only the wave load had been considered for the experiment, the 
total moment () on the vessel in the yaw direction due to 
environmental load is the same as the sum of load RAO and wave drift 
force. So the difference between the rotational velocity with 
(  exp) and without () additional parameter acting on 

turret deemed as a turret rotational damping which should be 
considered for the turret-moored FPSO in Orcaflex. As a result, the 
rotational damping () using the difference between the rotational 
velocity of the model test, and the simulation without consideration of 
additional parameters on turret can be defined as Eq. (6).

As mentioned, additional parameters were considered to suppress 
the rotational velocity. The damping can be related to the rotational 
velocity and the moment. Thus, the difference of the velocity between 
the simulation without additional parameters and the experiment was 
used. Only the wave load was considered for the experiment, so the 
total moment () on the vessel in the yaw direction due to 
environmental load is the same as the sum of response amplitude 
operator (RAO) load and wave drift force. The turret’s rotational 
damping is considered as the difference between the rotational 
velocity with additional parameters (  exp)  and without them 

() acting on turret deemed. As a result, Eq. (6) defines the 

rotational damping () obtained using the difference between the 
rotational velocity of the model test and the simulation without 
additional turret parameters.

exp




   (6)

5.3 Rotational Damping using Equilibrium State (RDE Method)

To obtain the turret’s rotational damping, an equilibrium state in 
yaw is considered as in Eq. (7) (Sanchez-Mondragon et al., 2018).

(a) Diagram of turret friction test (b) Example of turret friction test

Fig. 12 Turret friction test
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       (7)

: mass of the vessel
: added mass or added moment of inertia of the vessel with 

respect to the  (1,2,6, 1,2,6)
 : the   position with respect to the 

 : moment of the inertia of the vessel with respect to the 

: distance between   and 

 : restoring force from the mooring system on   in sway, and 
can be obtained by Eq. (8)

 sincos (8)

where   and   are the mooring restoring forces on   in the surge 
and sway directions, respectively. 

 : environmental force on the vessel in sway direction, which is 
defined in Eq. (9)

   





(9)

 : moment in yaw direction generated by external force, and is 
defined in Eq. (10) (Sanchez-Mondragon et al., 2018).

  


(10)


: yaw moment at   due to the environmental forces


: rotational moment at   induced by the interaction between 

the turret and vessel

Sanchez-Mondragon et al. (2018) described 
 

, 

where  and   are the rotational velocity of the vessel and 
turret, respectively, and  is the rotational damping.  can be obtained by 
solving Eqs. (7) and (10). It is assumed that the restoring force in the 
sway direction is equal to the restoring force in the surge direction, so the 
results of the static pull-out test in the surge direction were used for the 
sway direction. 

Figs. 14–16 show the yaw angles in head sea, oblique sea, and beam 
sea conditions that were calculated while considering the rotational 
stiffness () and the rotational damping () on turret surface obtained 
by the RDV method and RDE methods. The red, blue, and magenta 
lines represent the experimental results, the simulated results with 
turret parameters obtained in the RDV method, and the simulated 
results with turret parameters obtained in the RDE method, 
respectively. The RDV results and RDE results showed a tendency of 
a large fish-tailing phenomenon appearing before approximately 1,000 
s. However, compared with Figs. 7–9, the overall heading angles tend 
to agree well with the experimental results. As with the results of the 
model tests, the amount of fish-tailing was decreased, and there was 
no rotation toward the wave direction at wave periods longer than 
10.38 s. 

The equilibrium heading angles from the experiment and 
computation are shown in Table 5. The equilibrium headings were 

Fig. 14 Yaw angle of turret-moored FPSO over time (Head sea. Incident wave angle: 180°)
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considered the average of the angles from the first peak to the end in 
each case. The difference in equilibrium heading was compared 
between the experiment and simulation with additional parameters. 

The error range of the equilibrium heading angles between the 
experiment and simulation was 2 to 10%, excluding the maximum and 
minimum errors for each sea state. Thus, the  results are reasonable. 

 

Fig. 15 Yaw angle of turret-moored FPSO over time (Oblique sea. Incident wave angle: 225°)

Fig. 16 Yaw angle of turret-moored FPSO over time (Oblique sea. Incident wave angle: 270°)
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Table 5 Equilibrium heading angles differences between experiment 
and simulation (Orcaflex)

Case
Head sea (incident wave angle: 180°)

Exp RDV Error RDE Error
RW01 0.31 0.00 0.32 -0.01 0.33
RW02 0.76 -0.01 0.77 -0.01 0.44
RW03 0.52 -0.04 0.56 -0.01 1.02
RW04 0.60 -0.06 0.65 -0.01 0.38
RW05 0.24 0.01 0.23 0.01 0.73
RW06 1.20 0.56 0.64 0.23 1.01
RW07 1.05 0.57 0.48 0.25 0.85
RW08 0.96 0.44 0.52 0.20 0.82
RW09 1.00 0.31 0.69 0.15 0.82

Case
Oblique sea (incident wave angle: 225°)

Exp RDV Error RDE Error
RW01 -4.67 -1.12 3.55 -2.43 2.24
RW02 -0.91 -9.72 8.81 -0.13 0.78
RW03 -19.06 -16.32 2.74 -13.26 5.80
RW04 -50.60 -51.18 0.58 -56.97 6.37
RW05 -66.97 -55.21 11.76 -63.40 3.57
RW06 -69.67 -54.14 15.53 -67.52 2.15
RW07 -49.03 -51.73 2.69 -70.48 21.45
RW08 -49.10 -49.38 0.28 -56.04 6.94
RW09 -45.05 -47.63 2.58 -48.42 3.37

Case
Beam sea (incident wave angle: 270°)

Exp RDV Error RDE Error
RW01 5.20 -5.54 10.74 -2.85 8.05
RW02 0.38 -3.66 4.05 -3.58 3.97
RW03 -16.44 -5.35 11.08 1.61 18.05
RW04 -54.70 -57.19 2.50 -57.19 2.50
RW05 -70.03 -64.45 5.58 -64.47 5.56
RW06 -79.65 -81.13 1.48 -81.27 1.62
RW07 -89.88 -91.10 1.23 -91.14 1.26
RW08 -89.54 -91.93 2.39 -91.92 2.39
RW09 -91.12 -92.41 1.28 -92.43 1.31

6. Conclusions 

A turret-moored FPSO has been analyzed under different regular 
wave conditions with various wave periods and directions. It was 
found that the heading change was greater with relatively short waves. 
A numerical analysis was performed for verification, and factors that 
affect the yaw behavior were investigated to reproduce the heading 
results from model tests. 

The turret’s rotational stiffness was obtained using the physical 
properties of the bearings and a friction test. It acts as the maximum 
static frictional force against the contact surface between the turret and 

the vessel. The turret’s rotational damping mainly affects the rotational 
velocity, which plays an important role in the fish-tailing phenomenon, 
so the rotational velocity and equilibrium state were considered. The 
simulation results were compared to the experimental results, and both 
methods showed good agreement. However, the RDV method is more 
appropriate if the turret friction has not been tested. Even if practical 
data are unavailable, as long as an experimental study is performed, 
the presented methods can be applied.

Acknowledgments

This work was supported by the following technology innovation 
programs: of “Development of Arctic Ocean-Based Floating Offshore 
Structure Geometry Capable of Year-Round Operation Under ARC7 
Condition by Applying Position Maintenance and Mooring Systems 
(Project No.: 10063405)”, “Construction of Equipment for Assessing 
the Performance of Hydrogen Fuel Cell ESS Systems for MW-Class 
Vessels and Test Method Development (Project No.: 20006636)”, and 
“the Korea-U.K. Offshore Plant Global Professional Training Program 
(Project No.: 0001288),” which were funded by the Ministry of Trade, 
Industry, and Energy of the Republic of Korea.

References

Bureau Veritas. (2015). Classification of Mooring Systems for 
Permanent and Mobile Offshore Units (BV-NR-493). 

Caille, F., Prieur, J., & Mamoun, N. (2014). New Insights in Turret 
Mooring Systems Yaw Dynamics. ASME 2014 33rd International 
Conference on Ocean, Offshore and Arctic Engineering, 
American Society of Mechanical Engineers. https://doi.org/ 
10.1115/OMAE2014-24490

Chen, X.B. (2007). Middle-field Formulation for the Computation of 
Wave-Drift Loads. Journal of Engineering Mathematics, 59(1), 
61-82. https://doi.org/10.1007/s10665-006-9074-x

Chen, X.B. (2009). Hydrostar User Manual. BV, France. 
Cho, S.K., Sung, H.G., Hong, J.P., & Choi, H.S. (2013). Experimental 

Study of Excessive Yaw Motion of Turret Moored Floating Body. 
Journal of the Society of Naval Architects of Korea, 50(1), 8-13. 
https://doi.org/10.3744/SNAK.2013.50.1.8

Garza-Rios, L., & Bernitsas, M. (1999). Slow Motion Dynamics of 
Turret Mooring and Its Approximation as Single Point Mooring. 
Applied Ocean Research, 21(1), 27-39. https://doi.org/10.1016/ 
S0141-1187(98)00035-2

ITTC. (2002). ITTC-Recommended Procedures and Guidelines 
(7.5-02 07-03.2). Retrieved from https://ittc.info/media/1323/ 
75-02-07-032.pdf

Kaasen, K.E., Ludvigsen, H., Nygaard, I., & Aas, K. (2017). Theoretical 
and Experimental Study of Heading Stability and Heading Control 
of a Turret-Moored FPSO. ASME 2017 36th International 
Conference on Ocean, Offshore and Arctic Engineering, 
American Society of Mechanical Engineers. https://doi.org/ 



Effect of the Turret’s Rotational Damping on the Heading Stability of a Turret-Moored FPSO 315

10.1115/OMAE2017-61390
Koyo. (2007). Frictional Coefficient. Retrieved 12 August 2020 from 

https://koyo.jtekt.co.jp/en/support/bearing-knowledge/8-4000.
html

Lugni, C., Greco, M., & Faltinsen, O.M. (2015). Influence of Yaw-roll 
Coupling on the Behavior of a FPSO: An Experimental and 
Numerical Investigation. Applied Ocean Research, 51, 25-37. 
https://doi.org/10.1016/j.apor.2015.02.005

Milne, I.A., Delaux, S., & McComb, P. (2016). Validation of a 
Predictive Tool for the Heading of Turret-moored Vessels. Ocean 
Engineering, 128, 22-40. https://doi.org/10.1016/j.oceaneng. 
2016.10.007

Morandini, C., & Wong, J. (2007). Heading Analysis of Weathervaning 
Floating Structures: Why, How and Where to Make the Best of 
Them. The 17th International Offshore and Polar Engineering 
Conference, International Society of Offshore and Polar 
Engineers.

Munipalli, J., Pistani, F., Thiagarajan, K. P., Winsor, F., & Colbourne, 
B. (2007). Weathervaning Instabilities of a FPSO in Regular 
Waves and Consequence on Response Amplitude Operators. 
ASME 2007 26th International Conference on Offshore 
Mechanics and Arctic Engineering, American Society of 
Mechanical Engineers, 405-412. https://doi.org/10.1115/OMAE 
2007-29359

Norwegian Petroleum Directorate (NPD). (2019). NPD Resource 
Report 2019 - Discovery and Fields. Retrieved from https:// 
www.npd.no/en/facts/publications/reports2/resource-report/res
ource-report-2019/

Orcina, L.T.C. (2018). OrcaFlex User Manual: OrcaFlex 10.2 c. 

Daltongate Ulverston Cumbria, UK.
Pinkster, J.A. (1979). Mean and Low Frequency Wave Drifting Rorces 

on Floating Structures. Ocean Engineering, 6(6), 593-615. 
https://doi.org/10.1016/0029-8018(79)90010-6

Ragazzo, C.G., & Tannuri. E.A. (2003). On the Dynamics of Turret 
Systems in Deep Water. Applied Ocean Research, 25(1), 37-51. 
https://doi.org/10.1016/S0141-1187(03)00030-0

Sanchez-Mondragon, J., Vázquez-Hernández, A.O., Cho, S.K., & 
Sung, H.G. (2018). Yaw Motion Analysis of a FPSO Turret 
Mooring System under Wave Drift Forces. Applied Ocean 
Research, 74, 170-187. https://doi.org/10.1016/j.apor.2018.02.013

Yadav, A., Varghese, S., & Thiagarajan, K.P. (2007). Parametric Study 
of Yaw Instability of a Weathervaning Platform. Proceedings of 
16th Australasian Fluid Mechanics Conference, Gold Coast, 
Australia, 1012-1015.

Author ORCIDs

Author name ORCID
Min, Soo Young 0000-0002-3431-5655
Park, Sung Boo 0000-0001-9587-2183
Shin, Seong Yun 0000-0001-6665-9092
Shin, Da Gyun 0000-0002-3976-1961
Jung, Kwang Hyo 0000-0002-8229-6655
Lee, Jaeyong 0000-0002-4469-7765
Lee, Seung Jae 0000-0001-8992-6915
Han, Solyoung 0000-0002-9463-1780
Chung, Yun Suk 0000-0001-7621-0352


