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ABSTRACT 
 
This paper discusses the motions response of moored rounded-
shape FPSO model due to the wave effect. The research analyzed 
the possibility of wave motion response of rounded-shape FPSO 
model affected by different mooring systems. Experiment of a 
scale FPSO model of 1:112 was conducted in basin tank at the 
National Research Institute of Fisheries Engineering, Japan. In 
the experiment, the FPSO model was firstly tested by attaching 
model scale of Catenary mooring lines to rounded-shape FPSO 
model. Then the experiment was repeated by attaching model 
scale of Taut mooring lines to the rounded-shape FPSO model. 
Comparing results obtained using Taut and Catenary mooring 
lines in regular wave were presented. This research concluded 
that the mooring systems would not give significant effect to 
wave frequency motion response of the rounded-shape FPSO. 
 
 
KEY WORDS: Round Shape FPSO; Wave Motion Response; 
Taut; Catenary;  Mooring Systems. 
 
 
 

 
1.0 INTRODUCTION 
 
Deep water oil and gas exploration is a costly industry activity 
due to the required of high technology level during exploration. In 
deep water region, floating structures is more comparative 
compare to fix structure. To control the movement of floating 
structure mooring system can be applied if the water depth is 
within reasonable depth. Generally, two types of mooring system 
available there are catenary mooring and taut mooring. Both the 
mooring system is applying in offshore industry to control the 
movement of most of the floating structures currently.   

Besides, the new Round Shape FPSO model is selected as the 
model to test in this study where the motion response of this 
designed FPSO attached with mooring was tested in the motion 
experiment.  In term of system requirement, the FPSO is required 
better performance in stability either static or dynamic condition 
compare to resistance performance. The different of operation 
requirement causesrelated industry to develop new generation 
FPSO with more practical hull form to the offshore desire. 

In year 2008, Lamport and Josefsson, (2008) carried a research 
to study the advantage of round shape FPSO over the traditional 
ship-shape FPSO [1]. The comparisons were made to compare 
motion response, mooring system design, constructability and 
fabrication, operability, safety and costing between both the 
structures. One of the finding on their study is themotions of their 
designed structures are similar at any direction of incident wave 
with little yaw excitation due to mooring and riser asymmetry. 
Next, Arslan, Pettersen, and Andersson (2011) are also performed 
a study on fluid flow around the round shape FPSO in side-by-
side offloading condition. FLUENT software was used to 
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simulate three dimensional (3D) unsteady cross flow pass a pair 
of ship sections in close proximity and the behavior of the vortex-
shedding around the two bluff bodies [2].Besides, simulation of 
fluid flow Characteristic around Rounded-Shape FPSO by self-
develop programming code based on RANs method also 
conducted by A. Efi et al.[3]. 

In this paper, the effect of mooring to the FPSO motion 
response is studied by experiment method. The wave motion 
experiment was conducted by attached the model scale catenary 
mooring to the Round FPSO and then the same test was repeated 
by replace the model scale catenary mooring with taut mooring. 
These wave tank experiments were conducted in National 
Research Institute of Fisheries Engineering (NRIFE), Japan in 
regular wave condition using 1:110 of Rounded-shape FPSO 
model scale. The model also fixed in the wave tank with model 
scale mooring line so the experiment can capture the wave 
frequency motion and slow drifts motion [6]. The mooring design 
is conducted before the experiment so the suitable mooring line is 
applied to achieve the experiment target [7]. In this paper, the 
main discussions are focused in the effect of difference mooring 
system to the motion of Round Shape FPSO. The motion 
experiments results collected by fixed the FPSO with catenary 
mooring and taut mooring are compared. The comparison showed 
that both the mooring system do not give significant effect on 
Round Shape FPSO wave frequency motion.  
 
 
2.0 MODELLING RULE 
 
In this study, the FPSO model and mooring lines in model scale 
are scaling follow the Froude similarity. Froude’s law of 
similarity is the most appropriate scaling law applicable for the 
free and moored floating structure experiments. The Froude 
number has a dimension corresponding to the ratio of ݑଶ ⁄ܦ݃  
where u is the fluid velocity, g is the gravity acceleration and D is 
a length of the model or prototype. The Froude number Fr is 
defined as ݎܨ ൌ ଶݑ ⁄ܦ݃ . 

Let the subscripts p and m stand for prototype and model 
respectively and λ is the scale factor, then the scaling for length, 
speed, mass and force is shown in Table 1. 

 
Table 1: Scaling law between model and prototype [4]. 

Dimension Scaling equation 
length, ࢒ (m) ݈௣ ൌ  ௠݈ߣ
speed, ࢛ (m/s) ݑ௣ ൌ  ௠ݑߣ√
mass, m (kg) ݉௣ ൌ  ଷ݉௠ߣ
Force, F (N) ܨ௣ ൌ  ௠ܨଷߣ1.025
Mooring line stiffness  in water, K 
(N/m) 

௣ܭ ൌ  ௠ܭଶߣ1.025

 
 
3.0 WAVE TANK EXPERIMENT 
 
3.1 Mooring Selection 
In this experiment, four model scale mooring lines attached to the 
Round Shape FPSO to provide horizontal restoring force to the 
model. The catenary mooring lines in full scale is designed by 
using the catenary theory and then scaled down to model scale 
follow by the scaling rule. The mooring line profile used in this 

experiment is showed in Figure 1 and the segment particular is 
showed in Table 2.The size of these mooring lines is pre-
determined before the model experiment and the suitability of the 
mooring lines is analyzed using numerical simulation method to 
simulation the mooring performance in both static and dynamic 
condition. 

 

 
Figure 1: Mooring line profile 

 
Table 2: Model catenarymooring line segment information 

Particular Segment A Segment B Segment C 
 Model Model Model 
Nominal 
Diameter (mm) 

3.0 3.0 3.0 

Type Chain Wire Rope Chain 
Segment 
Length (m) 

4.0 9.4 1.4 

Air Weight 
(kg/m)  

0.16 0.0369 0.16 

Water weight in 
water (kg/m) 
Model scale 
water density: 
1000kg/m3 

0.1425 0.03119 0.1425 

Breaking Load 
(KN) 

10.79 5.40 10.79 

Modulus 
Elasticity (GPa) 

114.59  61.00  114.59 

 
The second mooring lines applied to control the motion of 

FPSO were prepared based on taut mooring concept. By consider 
the depth of water tank and the size of model; the model scale 
mooring lines have the length of 14.5 meters each line. The whole 
mooring lines attached in this test was made from same material. 
The segment information of the taut mooring lines applied in the 
model experiment as in Table 3: 

 
Table 3: Model taut mooring line segment information 

Particular In Model Size 
Nominal Diameter (mm) 3.0 
Type Wire Rope 
Segment Length (m) 14.5 
Air Weight (kg/m)  0.0369 
Water weight in water (kg/m)  
Model scale water density: 
1000kg/m3 

0.03119 

Breaking Load (KN) 5.40 

Segment C 

Segment B 

Segment A 
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motion of the model occurred at the same time must be 
considered in the calculation. The relationships between the 
positions of the reflective optical tracking markers with the 
position of center of gravity of model by consider the roll, pitch 
and yaw motionsare showed in Figure 4. 
 

 
Figure 4: The relations between the positions of reflective optical 
tracking markers with position of center of gravity of model 

 
From the Figure4,ݔ௣, ,௣ݕ  ௣ represent the x, y and z positionݖ

of the reflective optical tracking markers while ீݔ, ,ீݕ ீݖ  are the 
x, y and z position of the center of gravity of model. The 
relationship between both the position is in the function of length 
of rod, R, roll angle (ߠଵ), pitch angle(ߠଶ), yaw angle (ߠଷ) and 
model initial heading angle ( ߛ ). Therefore, the position 
information at model center of gravity can be calculated as 
follow: 

 
௚ݔ ൌ ௣ݔ െ  (1)                                                                        ݔߜ
 
௚ݕ ൌ ௣ݕ െ  (2)                                                                                  ݕߜ
 
௚ݖ ൌ ௣ݖ െ ܴ ൅  (3)                                                                          ݖߜ
 
Where, ݔߜ, ݕߜ  and ݖߜ  can be calculated by following 

equation 
 

ݖߜ ൌ ቂ ோమ

்௔௡మሺఏభሻା்௔௡మሺఏమሻାଵ
ቃ

ଵ/ଶ
                                                     (4) 

 
ݎߜ ൌ ሾܴଶ െ  ଶሿଵ/ଶ                                                                       (5)ݖߜ
 
ߙ ൌ ܶܽ݊ିଵ ቀ்௔௡ ఏభ

்௔௡ ఏమ
ቁ                                                                       (6) 

 
ݔߜ ൌ ଷߠሺݏ݋ܥ ݎߜ ൅ ߙ ൅  ሻ                                                           (7)ߛ
 
ݕߜ ൌ ଷߠሺ݊݅ܵ ݎߜ ൅ ߙ ൅  ሻ                                                            (8)ߛ
 

After the position of model referred to its center of gravity is 
obtained for entire time series, the information can be used to 
calculate all 6 degree of motions of model. In this experiment 
setup, the Rotational motions of the FPSO models are measured 
by gyroscope installed in the models’ center of gravity, hence, the 
measured roll, pitch and yaw motion by the gyroscope can be 
directly used for the model rotational motions data. However, 
extra treatment is needed for the linear motions which measured 
by theodolite camera because the time domain position data 
obtained from the theodolite camera is the model position in the 
wave tank without consider it direction. By consider the model 
initial position and initial heading direction, the position data 
returned from theodolite camera can be used to obtain the model 
surge, sway and heave motion. In Figure 5, the plan drawing 
showed the different of global coordinate where these data are 
measured by theodolite camera and the local coordinate system 
which required in calculating the linear motion of the FPSO due 
to the wave. 

 

 
Figure 5: Plan view of coordinate system. 

 
In Figure 5, X and Y represent the global direction use in the 

experiment setup while x and y are the local direction where the 
zero position of local coordinate system is located in the model 
center of gravity before the wave arrived. The model initial 
heading angle (ߛ) is measured from wave progress direction and 
positive follow clock direction. By reset the zero global 
coordinates to the model center of gravity at calm sea condition, 
the 6 DOF motions of the model can be calculated as follow, 

 
ܮ ൌ ሺܺଶ ൅ ܻଶሻଵ/ଶ                                                                          (9) 
 
ߚ ൌ ܶܽ݊ିଵ ௒

௑
                                                                                 (10) 

 
And the six degree freedom of motion for the Round Shape 

FPSO can be calculated from the equation (11) to equation (16). 
 
,݁݃ݎݑܵ ଵܧ ൌ ߚሺݏ݋ܥ ܮ െ ߛ ൅ 180ሻ                                          (11) 
 
,ݕܽݓܵ ଶܧ ൌ ߚሺ݊݅ܵ ܮ െ ߛ ൅ 180ሻ                                            (12) 
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,݁ݒܽ݁ܪ ଷܧ ൌ ௚ܼ                                                                                                        (13) 
 
,݈݈݋ܴ ସܧ ൌ  ଵ                                                                       (14)ߠ
 
,݄ܿݐ݅ܲ ହܧ ൌ  ଶ                                                                    (15)ߠ
 
,ݓܻܽ ଺ܧ ൌ  ଷ                                                                                (16)ߠ
 

3.4 Fourier Series Transformation 
The experiment data collected in time series provide the 
information of wave frequency motion for all 6 degree of motion 
and slow drift motion for horizontal plan motion. To split the 
different motion data, the analysis can be conducted in frequency 
domain where the amplitude of the different types of motion can 
be extracted from the motion amplitude occur at respective 
frequency.  

According to sampling theorem, discretely frequency (Fs) 
of signal data must be at least twice to the highest continuous 
signal frequency (F). The continuous signal frequency should 
discrete by the rate follow the sampling frequency, 1/Fs.  Let the 
discrete sample of the continuous signal have the magnitude of 
x(k), k=1,2,3,…,n and period between the sample is 1/Fs than a 
function of a continuous signal, f(t) can be reconstructed back 
from the discrete sample by the equation below: 

 
݂ሺݐሻ ൌ ∑ ݐሺܿ݊݅ݏ ሺ݇ሻݔ ൈ ݏ݂ െ ݇ሻ                                      ௞ୀ௡

௞ୀଵ (17) 
 
Where, 
 
ሻݔሺܿ݊݅ݏ ൌ ୱ୧୬ሺగ ௫ሻ

గ ௫
                                                                (18) 

 
To convert the data in time domain to the frequency domain, 

Fast Fourier Transform method can be applied. The relationship 
between function in the time domain, f(t) and frequency domain 
F(f) can be related by the equation below: 

 
ሺ݂ሻܨ ൌ ׬ ݂ሺݐሻ݁ି௝ଶగ௙ሺ௧ሻ݀ݐஶ

ିஶ                                                     (19) 
 

Also, for the variable j, it represents the square root of (-1) in 
the natural exponential function.  

 
݁௝ఏ ൌ cosሺߠሻ ൅ ݆ sin ሺߠሻ                                                          (20) 
 

Therefore, the discrete data can be written in complex number 
form as follows: 

 
௜ݔ ൌ ሺ݅ሻ௥௘௔௟ݔ ൅  ሺ݅ሻ௜௠௔௚௜௡௔௥௬                                               (21)ݔ ݆
 

And, 
 

ሺ݅ሻ௥௘௔௟ݔ ൌ ∑ ܺሺ݇ሻ ൈ cos ቀଶగ௞௜
௡

ቁ௞ୀ௡
௞ୀ଴                                                (22) 

 
ሺ݅ሻ௜௠௔௚௜௡௘௥௧ݔ ൌ ∑ ܺሺ݇ሻ ൈ sin ቀଶగ௞௜

௡
ቁ௞ୀ௡

௞ୀ଴                                  (23) 
 
And, i = 2b is the number of data require by Fast Fourier 

Transform method where b can be any integer number larger than 
or equal to 1.   

Finally, the magnitude, phase and frequency of the signal can 

be calculated by following equations: 
 

ܺሺ݅ሻ௠௔௚௡௜௧௨ௗ௘ ൌ ԡܺሺ݅ሻԡ    ൌ
ଶൈට௫ሺ௜ሻೝ೐ೌ೗

మା௫ሺ௜ሻ೔೘ೌ೒೔೙೐ೝ೟
మ

௡
       (24) 

 
ܺሺ݅ሻ௣௛௔௦௘ ൌ ଵି݊ܽݐ ቂ௫ሺ௜ሻ೔೘ೌ೒೔೙೐ೝ೟

௫ሺ௜ሻೝ೐ೌ೗
ቃ                                              (25) 

 
ܺሺ݅ሻ௙௥௘௤௨௘௡௖௬ ൌ ݅ ൈ ி௦

௡
                                                               (26) 

 
 

4.0 MODEL PARTICULARS 
 
The objective of this research is predicting the wave motion 
response of new designed Round Shape FPSO and analyse the 
effect of mooring system to the wave frequency motion response. 
The designed Round Shape FPSO has the diameter at the draft 
equal to 111.98meters and draught of 31.91meters. The model 
was constructed from wood following the scale of 1:110 (Table 
1). 

Upon the model complete constructed, inclining test, and roll 
decay test were conducted to identify the hydrostatic particular of 
the Round Shape FPSO model. The dimension and measured data 
of the model was summarized as in Table 4. 
 

Table 4:Particular of Round Shape FPSO 
Symbol Model Fullscale 
Diameter (m) 1.018 111.98 
Depth (m) 0.4401 48.41 
Draught(m) 0.2901 31.91 
Free board(m) 0.150 16.5 
Displacement (m3) 0.2361 314249 
Water Plan Area (m2) 0.8139 9848.5 
KG (m 0.2992 32.9 
GM (m) 0.069 7.6 

 
 
5.0 MOORING EFFECT ON ROUND SHAPE FPSO 
WAVE RESPONSE 
 
The result of Round Shape FPSO surge, pitch and heave motion 
response characteristic predicted by experiment method is showed 
in Figure 6 to Figure 8. The motion experiment was conducted to 
the same model but fixed with different mooring system. In the 
beginning, the motion experiment was conducted with the Round 
Shape FPSO model fixed with catenary mooring system. After 
that the experiment was conducted to the Round FPSO model 
fixed with the taut mooring system. The experiment results were 
collected in time series with the sampling rate of 20 data per 
seconds. To identify the wave frequency motion of the model, the 
time domain data were converted to the frequency domain using 
Fourier series transformation method. And then, the motion 
magnitudes at the wave frequency were identified.  

As shows in Figure 6 to Figure 8, the motion experiment 
results for model fixed with catenary mooring (red dot) and 
motion experiment results with model fixed with taut mooring 
(green mark) were plotted verses the wave length. The 
experiment conducted in the head sea condition, hence only the 
surge, pitch and heave motion is considered here. By compared 
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the experiment results conducted with the model fixed with 
different mooring system, it is observed that the magnitude of 
wave frequency motions detected from the experiment is same for 
both experiments. Besides, the both set of experiments also show 
the same tendency with the numerical simulation results. From 
this observation, the results were shown that the type of mooring 
setup would not give significant effect to the model motion 
response if the wave frequency motion is considered more 
important than the slow drift motion.  

The purposed of the mooring applied in the stationary 
keeping system is control the large offset movement of the 
floating structure. The movement control by mooring system is 
the slow drift motion where it is caused by the drift force from 
wave particle motion. Based on the theoretical review on predict 
the Round Shape FPSO Motion Response using diffraction 
potential and Morison, it is observed that the wave exciting forces 
act on the model surface are much higher than the drift forces [5]. 
In this situation, the mooring system which designed to absorb 
the lower drift forces could not influence much on the wave 
frequency motion of the model where it is induced by higher 
wave exciting forces. To highlight this discussion, the surge 
motion response of the Round Shape FPSO (Figure 6) can be 
referred as an example here. The surge motion is the horizontal 
plane motion where the movement on this plane is controlled by 
the mooring system. However, by comparing the surge RAO of 
Round Shape FPSO model when it fixed by the catenary mooring 
and the surge RAO of Round Shape FPSO model when it fixed 
by the taut mooring, it is showed that both set of the motion 
responses result collected from the experiments shown the similar 
tendency and almost similar magnitude of the motion response at 
any respective wave length. Obviously, the neglect of the 
mooring forces when study the wave frequency motion is 
acceptable since the effect is very limited in this type of motion. 
 

 
Figure 6: Surge motion responses of Round Shape FPSO 

 
 
 

 
Figure 7: Pitch motion responses of Round Shape FPSO 

 

 
Figure 8: Heave motion responses of Round Shape FPSO 

 
 
6.0 CONCLUSION 
 
The study of the wave frequency motion of Round Shape FPSO is 
conducted by using experimental method in this research. To 
identify the effect of mooring system to the wave frequency 
motion, the motion experiments were conducted to the same 
Round FPSO model with two different types of mooring systems. 
Comparing both set of the experiment results, it is observed that 
the wave frequency motions responses are almost similar on both 
set of experiments results. The main reason of this observation 
also explained by comparing the magnitude of wave exciting 
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force and slow varying drift force. The large difference between 
both types of forces act on the model caused the effect of mooring 
system which designed to absorb the slow varying drift forces 
only able to cause very limited effect to the wave frequency 
motion. The provided experiment results also showed that the 
neglect of mooring effect in study the wave frequency motion is 
possible where it do not show difference between both set of 
experiment results.  
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