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ABSTRACT

As the main facility for offshore oil and gas development, floating production storage and off-
loading (FPSO) has received great attention from researchers and engineers. This paper relies on
a time-domain analysis code to investigate the effects of mooring line hydrodynamic coefficients
and wave parameters on the FPSO motions. In order to verify the reliability of this code, the
hydrodynamic software AQWA is used for comparison. Under the irregular wave, it can be found
that the results calculated by these two numerical tools are in good agreement. After that, two
cases concerning the hydrodynamic coefficients and wave parameters are created. Finally, the sen-
sitivity of the FPSO motions to mooring line hydrodynamic coefficients and wave parameters are
discussed. The results show that the mooring line hydrodynamic coefficients and wave parameters
have a significant influence on the FPSO dynamic behavior. However, among the results, it can
be found that the wave-frequency motions are not affected by the hydrodynamic coefficients of
the mooring line due to the turret-moored configuration. In general, they are of great help for the
initial design of the FPSO system.

Keywords: Floating production storage and offloading motions; Mooring line hydrodynamic

coefficients; Wave parameters; Standard deviation; Response spectrum

1. Introduction

Floating production storage and offloading (FPSO)
is a large offshore oil production platform that can carry
out oil and gas separation, crude oil storage and transpor-
tation. FPSO has advantages over other types of offshore
platforms in the construction period, wind resistance,
fuel consumption, storage capacity. FPSO has become the
main production facility for offshore oil field development.
Since FPSO works in areas with harsh sea conditions for
a long time, this poses a serious challenge to the working
ability of FPSO. The large amplitude of vertical motions of
FPSO poses a threat to the safety of people on the board,
while the horizontal motions with a large natural period
have a significant influence on the mooring system and
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risers. In addition, in areas with variable sea conditions,
frequent strenuous motions severely shorten the fatigue
life of mooring systems and risers. Therefore, the mooring
system and risers should be selected according to the envi-
ronmental conditions of the working sea area to predict
the dynamic behavior of FPSO.

In the past decades, scholars have studied the motions of
floating platforms from uncoupled analysis to coupled anal-
ysis. Under the combined loads of wind, wave, and current,
Wichers [1] started the study on the dynamic response of
FPSO by performing uncoupled analysis. Jiang and Schellin
[2] developed a time-domain coupled code to study the
low-frequency and wave-frequency motions of FPSO and
explained the phenomenon of slow-drift motions in the
horizontal plane. Heurtier et al. [3] used uncoupled anal-
ysis and coupled analysis to conduct a comparative study
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on FPSO motion, and concluded that the uncoupled analysis
is sufficient for the mooring system initial design. In shal-
low water, the indicated accurate result can be obtained
without including the damping of the mooring system [4].
In this case, the uncoupled analysis method shows advan-
tages in saving computing resources. However, when the
water depth increases, the mooring lines significantly con-
tribute to the damping of the floating system. If the moor-
ing-induced damping is still not considered, the motions of
the floating structure and the mooring line tension can be
greatly affected. In addition, as the water depth increases,
the added mass of the mooring line also increases, which
cannot be ignored either. Through the comparative study
of non-coupling analysis and coupling analysis, it was
found that there is a big discrepancy in low-frequency
surge motion and mooring line tension [5-8]. Ormberg
and Larsen [9] and Tahar et al. [10] found that the uncou-
pled analysis method overestimates the low-frequency
responses and mooring line tension. Therefore, in order to
obtain an accurate dynamic response in deep water, a cou-
pled dynamic analysis is often used. This method takes into
account the interaction between platform motion and moor-
ing line dynamics and can reflect the real situation to a cer-
tain extent. A coupled analysis method to study the effects
of incident wind/wave directions on the dynamic behavior
of a wind turbine system [11].

A studied the influence of the hydrodynamic coefficient
of the mooring line on the FPSO motions through a
fully-coupled dynamic analysis method [12]. The results
showed that as the hydrodynamic coefficient increases, the
low-frequency motion and mooring line tension decrease.
Mohammed et al. [13] that the hydrodynamic damping of
the mooring system is important for the coupled model.
With or without drag and inertial force on the mooring line,
the dynamic behavior of the Spar platform changes signifi-
cantly. In the process of investigating the influence of wave
parameters on the motion of a semi-submersible platform, a
study concluded that the wave height has a significant influ-
ence on the surge motion, while the wave period plays a vital
role in the heave motion [14]. Some believed that the moor-
ing damping cannot be ignored in the process of studying
the FPSO motion [15]. The horizontal motions of the FPSO
decrease with the increase in the wave height, while the ver-
tical motions increase linearly with the wave height [16-19].
When analyzing the contribution of the low-frequency com-
ponent to the fatigue damage of the mooring line, Du et al.
[20] revealed that an increase in the wave height or a decrease
in the wave period would aggravate the fatigue damage.

In this paper, a coupled time-domain analysis code is
adopted to study the effects of the mooring line hydrody-
namic coefficients and wave parameters on the FPSO motion.
The analysis process is helpful to understand the FPSO
performance changes with different mooring line hydro-
dynamic coefficients and wave parameters from the mech-
anism level. The relevant results can be used for the initial
design of the FPSO system.

2. Theoretical background

In time-domain simulations, FPSO is regarded as a rigid
body subject to constraints and external forces. Regardless

of the effects of wind and current, the external forces expe-
rienced by the FPSO include first-order and second-order
wave excitation forces, as well as mooring forces. Therefore,
its motion equation in the time domain can be expressed as:

[M+ A, ]3(t)+ j.K(t)J'c(tfr)erer(t) =E)+F)+E, ()

where x(f), x(t) and x(t) refer to the displacement, velocity
and acceleration of the platform respectively, M is a mass
matrix, A_ is the added mass matrix at infinite frequency,
C is the hydrostatic stiffness matrix, F{) and F$ are the
first-order and second-order wave excitation forces, and F,,
is the mooring force. The convolution term in the equation
represents the fluid memory effects. K(t) is the retardation
function, which can be gained from radiation damping R(w):

K(t)=ETR(0))cos(oot)dco (2)

o

An irregular wave is obtained by linear superposition of
multiple regular waves with random phases, which can be
expressed as:

(;(x,t):iAi Cos(kix—mit+si) 3)

i=1

where ¢, is the initial phase angle, evenly distributed in the
interval [0,27]. In addition, ®, and k, satisfy the dispersion
relation:

o’ = gk, tanh (k) (4)

When the wave spectrum is determined, the i-th wave
amplitude can be written as:

A =

,=4/25(,) Ao, (5)
In the time domain, the first-order wave excitation can be
expressed as [21]:

By (H)=ReY. AQ(w,)e™ ©6)

where Q(w) is the first-order wave excitation transfer
function.

The second-order difference-frequency wave excitation
force can be obtained by the double Fourier-transform [22]:

EP (1) = ReiiAiA;Q —(u),.,(o].)ei(w‘_m’)[ @)

i=1 j=1

where (*) refers to the complex conjugate, and Q—(w,©) is the
low-frequency wave excitation quadratic transfer functions

(QTFs).
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In order to save computational resources, the Newman
approximation method is used to solve the QTF matrix [23].
The off-diagonal values of the matrix can be approximated
by the diagonal values:

Q—(mi,wj):%[Q—(wi,wi)+Q—((D,-r“)fﬂ ®

In this code, it is assumed that no torque and exter-
nal moment is applied on the mooring line. Based on the
lumped-mass method, the mooring line is modeled as N
evenly-sized segments connecting N+1 nodes. The cable
segment between nodes i and i+1 is indexed with i+1/2. The
motion equation of node 7 is derived as follows:

(m, +a)i=T,,,-T_,+C

i+1/2 7 Ti-1/2

i+1/2 7Ci71/2

+Vvi+Bi+Dpi+in )
where m, and g, are the node i mass matrix and added mass
matrix, respectively. n refers to the displacement vector.

In addition, T,,, and T, are the tension of segments
i+1/2 and i~1/2 respectively. C,, » and C, , , are the internal
damping force. W, is the weight force, and B, is the contact
force. D, and in are the transverse and tangential drag
forces. ﬁle detailed formulation of the mooring line model
can be found by the study of Hall and Goupee [24].

The hydrodynamic coefficients such as the added mass,
the radiation damping, and the first- and second-order wave
excitation force transfer functions can be obtained by the
frequency-domain simulation. Then, they are transformed
into the retardation function and external force in the time
domain simulation through inverse Fourier transform (IFT)
and convolution technique for solving Eq. (1). As for the
specific algorithm to solve Eq. (1), the Newmark method is
adopted in this code. a and P are two weighting constants
that can be adjusted in Eqgs. (10) and (11). The correlations
of displacement, velocity and acceleration vectors of the
platform can be expressed as follows:

w(t+ At)=x(t)+ [ (1-a)#(t) + o (t + At) At (10)

x(t+At):x(t)+5c(t)At+K;—B}'c'(t)+B5c'(t+At)}At2 a1

3. FPSO and mooring system

The FPSO operates at a water depth of 120 m and adopts
a 3 x 3 mooring arrangement. Each group of mooring lines
are separated by 120°, and the angle between adjacent
mooring lines is 5°. Fig. 1 shows a sketch of the FPSO sys-
tem. From the anchor point to the fair lead, each mooring
line is composed of a chain-wire-chain-wire. The suspend-
ing chain is equipped with three additional chains with the
same parameters to increase the restoring stiffness of the
mooring system. The specific parameters of the FPSO and
mooring line are shown in Tables 1 and 2, respectively.

4. Validation of the coupled time-domain analysis code

The verification in the time domain is performed by
comparing this code with the commercial software AQWA.
In this code, the added mass, radiation damping, and first-
and second-order wave excitation transfer functions used to
calculate the hydrodynamic load of the FPSO are obtained
through the frequency module of AQWA. Since there are

Table 1
The parameters of floating production storage and offloading

Term Value
Length between perpendiculars (m) 267
Breadth (m) 50
Depth (m) 25.1
Draft (m) 16.5
Longitudinal center of gravity (forward) (m) 117.65
Vertical center of gravity (from the keel) (m) 135.65
Radius of inertia around x-axis (m) 14.3
Radius of inertia around y-axis (m) 17.0
Radius of inertia around z-axis (m) 68.4
Displacement (t) 170,431
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Fig. 1. The sketch of the floating production storage and offloading system.
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some discrepancies in the mooring line model and numer-
ical integration method between this code and AQWA, the
results of the two numerical tools may not agree well with
each other. Therefore, it is necessary to conduct the time-do-
main verification under the irregular wave. If the calcu-
lation results of these two numerical tools are similar, this
code can be considered reliable. The significant wave height
and spectral peak period of the irregular wave are 9 m and
15 s, respectively. As shown in Fig. 2, the results obtained
from this code agree well with those of AQWA. Therefore,
the time-domain coupled analysis code can be used for
subsequent research.

5. Numerical simulations and research cases

In the time domain, the JONSWAP spectrum is used to
simulate irregular waves, which can be expressed as:

[ o]
S(m):qu%exp —4[0)] ¥ ! (12)

where a is the spectral parameter, H_is the significant wave
height, o is the spectral peak frequency, and y is the peak-
edness parameter. The spectral width parameter o is 0.07
when o > o, and 0.09 when o < o,

Under the 3 h short-term forecast, the motion response
of the floating structure obeys the Rayleigh distribution,

and the Rayleigh distribution has only one variance. For a
given wave spectrum, the wave-frequency motion response
spectrum of a floating structure at zero speed can be
expressed as:

Sp(©) =RAOS(w) (13)

where RAO is the response amplitude operator. Then, the
square of standard deviations (STD) of the wave-frequency
motion response is:

STD? = TsR (o)do :TRAOZS(m)dm (14)

Table 2
The parameters of mooring system

Term Mooring system

Segment Chain ~ Wire Chain Wire

Length (m) 51 501 101 251

Diameter (mm) 142 134 142 134

Weight per unit length 3.473  0.733  3.473x3 0.733
in water (kN/m)

Axial stiffness (kN) 1.19E6 1.78E6 1.19E6 1.78E6

Minimum breaking 17,400 17,800 17,400 17,800
strength (kN)
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Fig. 2. The floating production storage and offloading motions of this code and AQWA.
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The low-frequency wave force response spectrum can be
expressed [25]:

Sf{a (Aco) = 8TS(0))S(0)+ A(;))|Ta (m;m+ Am)r do

0

(15)

where T, (co;m+ Am) is the quadratic transfer function (QTF)
of low-frequency wave force.

Once the low-frequency wave force spectrum of a par-
ticular sea state is calculated, the second-order low-fre-
quency response spectrum Sa(co) of the degree of freedom
o is determined by the product of the squared unitary force
transfer function H_ (o) and the spectrum S, (») defined in
Eq. (15) [26]:

52 (0)=|Ho () s2. (o) (16)
where,
H,(0)= :
o -’ [qu +A, (0)):| + iw[Bak (0)+ B;k]
+(Cp+Cly) 17)

This transfer function contains all the dynamic char-
acteristics of the floating system. A, B and C are the added
mass, radiation damping and hydrostatic restoration matrixs
respectively, and o and k vary from 1 to 6. B/, is the vis-
cous damping, and C/, is the external stiffness brought by
the mooring lines. Thus, the square of STD of the low-fre-
quency motion response is:
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Two research cases are set to study the effects of moor-
ing line hydrodynamic coefficients and wave parameters
on FPSO motion. For the chain and wire, C and C,, are the
added mass coefficients, C, , and C, , are the transverse drag
coefficients, and C,, and C, , are the tangential coefficients.
Specific values with respect to the cases are presented in

Table 3.

6. Results and discussion

Firstly, the frequency module of AQWA is used to obtain
the hydrodynamic coefficients for the time-domain simu-
lation of the coupled analysis code. Then, the correspond-
ing hydrodynamic coefficients are input into the code to
perform the coupling analysis under the above two cases.
The time-domain simulation under each wave condition
requires a 3-h short-term forecast. Finally, a digital filter is
compiled to decouple the time history into low-frequency
(<0.2 rad/s) and wave-frequency (>0.2 rad/s) components,
and then the STD of these two components are gained. In
addition, the time histories are converted into the corre-
sponding motion response spectra through fast Fourier
transform (FFT). A technical route for the study in this paper
is presented in Fig. 3.

6.1. STDs of the FPSO motions under cases 1 and 2

Fig. 4 shows the STDs of the surge, heave and pitch
motions under cases la and 2a. It can be found that there is
a low-frequency component in the surge motion, while the
heave and pitch motions do not. This is because the degrees
of freedom of heave and pitch are wave-frequency motions
and have no low-frequency responses. The wave-frequency
STD has a linear relationship with H. The low-frequency

s T < 2, STD and the total frequency STD of the surge motion have a
STD" = _[Sa (“’)d(‘) = J|Hak (‘9)| Ska ((D)d“) (18) quadratic relationship with H. However, due to the addition
0 0

Table 3
Research cases

Casel  C,=C,=1,C,,=24C,,=120C,, =C,,=02 Case2  C,=C,=14,C,, =28,C,,=16,C, =C,,=04

H/m T/s H/m T/s
Case 1a 9,10,11,12,13 15 Case 2a 9,10, 11,12, 13 15
Case 1b 11 13,14, 15,16, 17 Case 2b 11 13,14, 15,16, 17
Matlab
Matlab

Code

Fig. 3. The technical route for the study.

dynamic responses
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of the wave-frequency component, the curvature of the
total-frequency (TF) STD curve is smaller than that of the
low-frequency STD. Under different mooring line hydro-
dynamic coefficients, the wave-frequency STD does not
change. However, the low-frequency and total-frequency
STDs of the surge response decrease as the hydrodynamic
coefficients increase. Based on the above analysis, it can be
concluded that under the wave conditions with different H,
the sensitivity of the FPSO surge motion to the large moor-
ing line hydrodynamic coefficients decreases, while the sen-
sitivity of the heave and pitch motions remains unchanged.
In addition, It can be found that the variation trend of the
pitch motion STD is more obvious than that of the heave
motion STD. This is because the natural frequency of the

pitch motion is close to the spectral peak period. The degree
of freedom of surge is a slow drift motion, with a small nat-
ural frequency. Although the low-frequency wave force is
much smaller than the wave-frequency wave force in mag-
nitude, it may resonate with the slow drift motion, causing
a significant displacement of the floating structure. This
phenomenon will over-tension the mooring lines and ris-
ers, which will threaten the safety of the floating system. It
can be observed in Fig. 4 that as H_increases, the increase in
low-frequency STD becomes more obvious. This means that
under severe sea conditions, the magnitude of the low-fre-
quency wave force increases significantly.

Fig. 5 shows the STDs of the surge, heave and pitch
motions under cases 1b and 2b. From Fig. 5a, it can be

Fig. 4. Standard deviations of the floating production storage and offloading motions under cases 1a and 2a.

Fig. 5. Standard deviations of the floating production storage and offloading motions under cases 1b and 2b.
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found that as T increases, the surge low-frequency STD
decreases, and the wave-frequency STD increases roughly
linearly. In addition, it can be inferred that as the hydrody-
namic coefficients of the mooring line increase, the low-fre-
quency STD decreases. Therefore, the hydrodynamic
coefficients of the mooring line increase, the sensitivity of
the FPSO motions to the wave conditions with different
T decreases. However, the wave-frequency STD does not
Cﬁange It can be observed from Fig. 5b that as T, increases,
the heave STD increases roughly linearly. The pltch STD
also increases but the increasing trend weakens. Similar
to the surge wave-frequency STD, the heave and pitch
STDs do not change with the increase in the mooring line
hydrodynamic coefficients. So the sensitivity of the heave
and pitch motions remains unchanged.

6.2. Effects of mooring line coefficients on the FPSO motions

From section 6.1, it can be found that under large
mooring line hydrodynamic coefficients, the STD of the
low-frequency response decreases and the STD of the wave-
frequency response remains constant. In order to study
the effects of different mooring line hydrodynamic coef-
ficients on the FPSO dynamic behavior, a typical sea state
(H,=11m, T =155) is specially selected.

Z. Zhang et al. / Desalination and Water Treatment 239 (2021) 278-288

From Fig. 6a it can be found that as the hydrodynamic
coefficients increase, the peak of the low-frequency com-
ponent of the surge response spectrum decreases, but the
corresponding frequency remains unchanged. The increase
in the hydrodynamic coefficients causes H_, to decrease in
Eq. (17). Therefore, according to Eq. (16), it can be inferred
as the hydrodynamic coefficients increase, the area of the
low-frequency surge response spectrum decreases. As for
why H_ is reduced, this should be analyzed from the contri-
bution of the added mass coefficient Ca and the drag coef-
ficient Cd to Eq. (17). The added mass coefficient increases,
causing H , to increase. The drag coefficient increases, lead-
ing to a decrease in H ,. But overall, the drag coefficient con-
tributes more to Eq. (17), which in turn makes H , decrease.
The coefficient of the added mass term is ®?, and that of the
damping term is ©. At the low-frequency range, the effects
of increased damping on H , is more obvious. In addition, it
can be found from Fig. 6 that the wave-frequency component
of the surge response spectra, the heave and pitch response
spectra do not change with the increase in the hydrodynamic
coefficients. According to Eq. (13), it can be inferred that
their RAOs remain unchanged. Because this FPSO adopts
a single-point-mooring (SPM) configuration, the increase in
the hydrodynamic coefficients of the mooring line cannot
change the characteristics of wave-frequency motions.

a b
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Fig. 6. The floating production storage and offloading motions under cases 1 and 2.
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6.3. Effects of wave parameters on the FPSO motions

From section 6.1, it can be found that the wave param-
eters have a significant influence on the FPSO motions. In
order to study the effects of wave parameters on the FPSO
motions, case la concerning the significant wave height and
case 1b concerning the spectral peak period are selected.
In addition, the RAOs of the FPSO motions are obtained
from the frequency-domain simulations in AQWA.

Fig. 7a shows the wave spectra under case la. It can be
found that with the increase in H,, the spectral peak becomes
larger, the peak frequency remains unchanged, and the spec-
tral shape becomes wider. Fig. 7b—d show the surge, heave
and pitch response spectra. In Fig. 7b, as H_ increases, the
peak of the low-frequency component becomes larger, and
the corresponding frequency shifts to the right. According
to Eq. (15) and Fig. 7a, the wave spectral term S(®0)S(» + Aw)
increases as H_increases. With an increase in H, the shape
of the wave spectrum becomes wider, so the drfference fre-
quency component Ao becomes larger. The increase in Aw
causes the maximum value of S(w)S(® + Aw) to shift to the
right. From Fig. 7b, it can be observed that the wave-fre-
quency components exists in the surge response spectra.
The peaks of the wave-frequency surge response spectra, the
heave and pitch response spectra increase with the increase
in H, but the corresponding frequencies do not change.
The increase in the spectral peaks and the constant peaked
frequencies can be inferred from Fig. 7a and Eq. (13).
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Fig. 8a shows the wave spectra under case 1b. When H,,
is constant, the area of the wave spectrum is constant. It is
observed from Fig. 8a that as T increases, the spectral peak
increases, the corresponding frequency decreases, and the
spectral shape becomes narrower. It is found from Fig. 8b
that as T increases, the peak of the surge low-frequency
response spectrum decreases, and the corresponding fre-
quency shifts to the left. The shape of the wave spectrum
becomes narrower, resulting in a smaller integral value of
the wave spectrum term S(®)S(o + Aw) in Eq. (15). In addi-
tion, the QTFs of the low-frequency wave force depends
on the platform itself, not Tp. Therefore, as T increases,
the area of the second-order low-frequency wave force
spectrum increases, as shown in Fig. 9. Then, according
to Eq. (18), it can be inferred that as Tp increases, the surge
low-frequency STD decreases. As for the wave-frequency
component of the surge response spectrum, it is observed
from Fig. 8b that as T increases, the peak increases, and
the corresponding frequency shifts to the left. Fig. 10a
shows the RAOs of surge at the wave-frequency range
under case 1b. It can be seen from Fig. 10a that as T,
increases, the RAO increases. According to Eq. (14), it can
be inferred that the surge wave-frequency STD increases
with the increase in T . Regarding the heave motion, it
is observed from Fig. 8c that at the frequency range of
0.25~0.5 rad/s, the characteristics of the response spectra
and the wave-frequency components of the surge response
spectra are similar. As T increases, the peak becomes
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Fig. 7. Wave spectra and motion response spectra under case la.
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Fig. 8. Wave spectra and motion response spectra under cases 1b.
(X106) in Tzz' However, at the frequency range from 0.5~0.7 rad/s,
° [ T the heave RAO slightly decreases as Tp increases. Then,
8 the characteristics of the heave response spectra can be
3 explained according to Eq. (13). It can be concluded that
T at the frequency range of 0.25~0.5 rad/s, both wave spec-
§6 trum and RAO have an influence on Eq. (13). But at the
= 5 frequency range of 0.5~0.75 rad/s, the contribution of
Nz' L RAO to Eq. (13) is more obvious. As for the pitch motion,
x 4 it is observed from Fig. 8d that the characteristics of the
B 3 i response spectra are similar to the wave-frequency compo-
o'au? nents of the surge response spectra. In addition, it can be
w2 found from Fig. 8d that as Tp increases, the variation in the
1L ] response spectrum area gradually decreases. When T, =16
and 17 s, the areas of the response spectra are almost the

0
0.00 0.02 0.04 0.06 0.08

Frequency/(rad/s)

010 0.12 0.14 0.16

Fig. 9. The second-order low-frequency wave force spectrum
under case 1b.

larger, and the corresponding frequency shifts to the
left. However, at the frequency range from 0.5~0.7 rad/s,
as T increases, the peak becomes smaller, and the corre-
sponding frequency remains unchanged. Fig. 10b shows
the RAOs of heave motion under different T, It can be
found from Fig. 10b that at the frequency range from
0.25~0.5 rad/s, the heave RAO increases with the increase

same. These characteristics of the pitch response spec-
tral areas can be reflected in Fig. 7b. Fig. 10c shows the
RAOs of the pitch motion under case 1b. It can be seen
from Fig. 10c that as T, increases, the RAO increases.
When Tp =16 and 17 s, tﬁe RAOs of the pitch motion are
almost the same. Then, according to Eq. (13), the charac-
teristics of the pitch response spectra can be inferred.

7. Conclusions

This paper studies the effects of mooring line hydro-
dynamic coefficients and wave parameters on the FPSO
motions. Based on a coupled time-domain analysis code,
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Fig. 10. RAOs of the floating production storage and offloading motions under case 1b.

some conclusions are obtained based on the STDs and
response spectra of the time histories:

¢ As the mooring line hydrodynamic coefficients increase,
the sensitivity of the low-frequency component of surge
motion to wave parameters decreases. However, the sen-
sitivity of wave-frequency motion with respect to wave
parameters remains unchanged. This means that the
increase in hydrodynamic coefficients is of great help
to the suppression of low-frequency motion under vari-
able sea conditions, thereby extending the fatigue life of
mooring lines and risers.

* As H_increases, the STD of the FPSO dynamic response
increase. Especially for the low-frequency component of
surge motion, the corresponding STD increases signifi-
cantly. This will aggravate the fatigue damage of moor-
ing lines and risers under the wave conditions with
large H_. In addition, the STD of low-frequency motion
has a quadratic relationship with H, while the STD of
wave-frequency motions have a linear relationship with
H_. The degree of freedom of motion of which the nat-
ural period is close to the spectral peak period varies
obviously with respect to H. Therefore, when the plat-
form is designed, it should be avoided that the natural
period of wave-frequency motion is close to the main
wave periods at the operating sea area. In addition, as
H_ increases, the peak of the low-frequency response
spectrum increases and shifts to the right. The peak of
the wave-frequency response spectrum increases and
the corresponding frequency remains constant.

* As H_ increases, the STD of low-frequency motion
decreases, and the STDs of wave-frequency motion
increase. With the increase in T, the variation trend of
STDs of the pitch motion slows down. The wave-fre-
quency STD of the surge motion and the STD of the heave
motion have a roughly linear relationship with T . In
addition, with the increase in T , the peak of the low-fre-
quency response spectrum decreases but the peak of the
wave-frequency response spectrum increases. Their cor-
responding frequencies all shifts to the left.

These conclusions are helpful to understand the effects
of mooring line hydrodynamic coefficients and wave param-
eters on the FPSO dynamic behavior. They have a great
reference value for the initial design of the FPSO system.
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