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Increasing the performance of offshore platforms is one of the main aim:
designers. The oil and gas offshore platforms encounter some challengt
dynamic vibrational response that they always attempt to improve the s
and response of ¢hplatforms. On the other hand, many electronic devic
the platform require a supply resource. The transmitted energy of the
waves into the mechanical vibrations for the platform may be caphy
installing some types of WECs. The presentigtconducts a numerical stt
on the hydrodynamic analysis of the platform attached withgourt absorbe
wave energy converters underneath the Amir Kabir-sefimmersible platforr
The monochromatic regular waves are considered the excitation fosmx
on the Caspian Sea state. Two different arrangements of \Withiree sia
of sphere buoyare also considered. In addition to calculating the proc
power via WECSs, the overall performance of the single and integrated pl:
is compared from thelynamic response point of view. The results shi
considerable difference in the responses of the platform when the WE
combined. However, the captured powees notdepend on the locations
the WECsbut is affected by the buoy size of the WEAsile the platforr
response is dependent on the buoy size and also thes \BE&ngement
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offshore structures/ave energy system produces more
sustainable energy that is efficient comparedato
individual resource

Ren et al. [2] derived the dynamic response of a
monopile combined with a heave wave energy
converter under the operational sea stimesigh time
domain analysis and scale modests For increasing
the power density andeducingthe costs of the total
project Muliawan et al.[12] proposed the combined
system ofa floating wind turbine spar platform with
axissymmetric twebody WECs They conducted the

1. Introduction

Ocean wave energy is eean resource The new
technologies related towave energy converters
(WECs) can be used faonverting thevave energies
to desired energy as electridity. For this reason,
many studies have focused developing diférent
types of WEC$2-4]. Recentlydue tosomeeconomical
benefits these WECsvereintegratedinto fixed [5-8]

or offshore structures. Some floating offshore
platforms exist whose main role is extracting amild
gasor foundation for offshore wind turbin@sstead of
just being a floating base for installing WECs.€$h coupled wave and windinduced responsmooring
platforms have higltost technologies; therefore, analysis in the time domaio investigatethe motion
combining with wave energy converters can overlay behaviorand power productiorof both wind turbine
reduce the costs and is economical while leading to two and WEC under operational conditiofsirthermore,

merits of additional produced power and reducing the
vibrational response of the platforms under
environmental excitation forces. Furthermore, sharing
the infrastructure, mooring, etc., to minimize the
investment is beneficigdld]. Many researchers have
recentlyevaluated the performance of such integrated
systems in both aspects pdwer extraction and total
vibrational motion[10, 11] Generally a combined
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Muliawan [13] investigated the response properties of
a combined offshore spar wind turbine platforms with
torus point absorber WEC (PAWEQ)ang et al[14]
showed the concave shape of ploint absorbeWECs
results ina better dynamic response and alsohbig
generated powen a combined structure i 5MW
braceless semisubmersible floating offshore wind
turbine (FOWT) attachedwith WECSs. In a similar
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combined system adnoffshore platformattached with used for analyzing of problem Therefore, the

PAWECs Gaspar et aJ15], showed thatthe wave manuscript is categaed as follow. First, the case
energy converters locatedthe downwind and upwind study is introduced. Second, the validation of the
sides of the platform eate distincteffecs on the numerical model in Ansys Agwa is expressed. Third,
attenuation of the platform displacemeasproduction the calculation method of the generated power is
of therestoring moments and harvesting piusver. mathematically introducedForth, the results and
Integrating the flagype wave energy convertensith discussion related tothe effecs of arrangement and

semisubmersible wind turbine platforms named SFC b u o y s ©@n tleipawer and dynamic resporme
was also studied through numerical simulation and presented. Finally, a brief conclusion of the present
physical model tests, and it was indicated that the total research isleterminedto evaluate the efficiency and
power of the combined system is ieased. Combining  performance of the proposed combined system.

a semisubmersible platform with the other typef

WEC asa heavetype device hs beennumerically 2. Materials and methods

examined by Aubauftl6], in which the optimum PTO 2.1 Case study

system parameters have been deriveder typical  The integrated system comprises the Altbir semi
wave conditionsin thefollowing, Gao et al. indicated  submersible platform and four PAWEC sphgmge
that theattached point absorber WE€sem to have a buoys. The platform is utilized in tHeéaspian Sein
lower cost of energy as compared to tlep WECs the north of Iran for extracting oil in deep locations.
attached to an offshore platforftt7] regarding the  Generally, the wave eitation forces applied on the

comparison of the total power production,and platform is harsh and may result in a high dynamic
displacement. response. There are some strategies for motion
Li et al.[18] suggestee combineddesign ofa heave reduction of the platform that acts as motion dampers,
type wave energy converter (WEC) with a  for instance adding heave plates. The heave plates can
semisibmersible floating wind turbine texaminethe change the dynamic characteristics of the main floating
power performance antthe dynamic response of the  structure by inducing vortex shedding and added
platform through coupled aetydroserveelastic mas§25-27]. However, the new approach of
analysis Its survivability has been'nvestigatedfor Combining WECSsinto a p|atf0rm has two benefits
different possible survival mod¢$8]. Lee et al[19] motion reduction and power generation. PAWECs are
examined the interaction effect of the instalkederal one of the simple and lowost device between WECSs

WEC array on an offshore wind turbine. The WEC [28-30] that ae considered for integrating with Amir
arrangement indicates both  constructive and  Kabir platform.

destructiveeffectsdepending orthe wave frequency  The proposed idea of attaching some PAWEGY

and directionThe method was based on extracting decrease the vibrational displacement of the platform.
hydrodynamiccoefficients and excitindorces from Additionally, these PAWECSs can generate power and
WAMIT, andusingthe 3D diffraction/radiation solver  supply some electrical devices on the platform. Three
based on thboundary element method. schematic viewsof the platform are illustrated in

Combining offshore latforms and oscillatingvater Figurel. The main design parameters of the platforms,

column WEG has been studied by some researchers sych as mooring properties and platform dimensions,
[16, 2022]. Moreover,a new design of the integrated  are presented ifiablel, Table2, and

spar platform with OWC WECSs arranged in an annular Tgples.
configuration was suggested by Abazf?B]. This
proposed design has the advantage of additional
generated power besidé®twind power and merits of
platform dynamic response reductiolla et al.[24]
combined asemisubmersible windurbine with tidal
turbines. They utilized threedimensional frequency
domain potentiaflow theoryto show the reliability of
the power generation system.

There are other floating devices that pr&t used for

oil extraction as sersubmersible offshore platforms
They have not mostly been considered as a part of
combined system®n the other side, the power supply
is required forsome of the electronic devices the
platform. For this reasonin the present study, the
effeckof buoysd si ze @fninbtalledr r angement
point absorber WECs on thgenerated power and

platform dynamic responsare studied. The time

domainmethod based on the potentilw theory is
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EachPAWEC comprises a sphetge buoy attached

to the platform through a PTO system with equivalent
stiffness and damping. In fact, the stiffness and
damping coefficients are the equivalent mathematical
model of a real PTO system that may be a permanent
magret-coil or hydraulic generat¢81]. The governing
equations of the PTO system coupled with the platform
dynamic equatin show the same effect as the real PTO
system. The interaction between WECs and the
platform depends on the induced force in the PTO
spring and damperThis force affects their relative
displacementwhich is responsible for the power

A extraction. The PTQofce is defined as below affecting
2N the platform and sphere buoy:
© 0 8aq a ()
v 8¢ a

7Figure 1. Three different views of the of‘fshore platform

demonstrating the mooring configuration . . . .
9 9 contig Where | |4 tis PTO equivalent dampinds 4 fis the

PTO equivalent stiffness_a L+ < ara.%'” n + < A

Table 1. Mooring line properties the absolute velocity and displacement of the platform

just above the PTO system. . 4=+ W__ _are the

Water Item Diameter Maximum Elasticity Length . . T |F F
depth (mm) tension  modulus  mooring(m absolute velocity and displacementloé sphere buoy
(KN) (Gpa)
1000 Upper 76 5454 56 900
m chain
Middle 86 5101 70 1000
cable KPTO BPTO
Bottom 76 5454 56 1100 —
chain
Table 2. Mooring drag coefficient
Sphere
ltem Drag coefficient
chain 2.6 Figure 2. Three main parts of the PAWEC as sphere buoy and
cable 1.8

spring and damper

. : o _ The considered stiffness and damping coefficients
Table 3. Geometric dimensions of the Amirkabir semi-

dl L
submersible. vales are |y dewn and By
477 is. It is mentioned in the present study
Item value ltem value the constant values for these coefficients are considered
Diameter of 12.9m Heighttothe . that are not the optimum values. More analysis is
lumns ) upper deck ) ; ; ; ; ;
co Broadth required in a wide range of stiffness and damping
d_Brace om outside 73.4m values to find the optimum values.
lameter pontoon
Longitudinal Lenath of The stiffness and daping can be modeled through the
distance of  54.72m I:;rﬂtooﬁ 80.56m fender module in Ansys Agwa. The fender acts as an
TCO|Um“S integrated equivalent spring and damper such that it has
ransverse H H H HYS H
distance of 54.79m Breadth of 18.68m the same mechqnlcal properties as the individual spring
columns pontoon and damper. It is noted that the weight and buoyancy
Height to the 28.5m Height of 2 5m force of all sphere buayarethe same. The buoy has
lower deck ' pontoon ' natural dynamic stability and is just affected by the
Operation Total weight induced force of the PTO, which in turn depends on the
P 19.5m of 28621 ton : ’ .
draught ' platform relative displacement and velocity betwete two
Mass ends of the fender.
MOMENtUM |\ v=2 24E10 Iyy=1.99E10 Izz=3.16E10
inertias
(Kg.m2)
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2.2 Calculation method ofthe extracted power

The PTO system absorbs the vibrational energy of the
platform. As mentioned, the PTO system can be a coil
magnet or hydraulic system, so the damping properties
of the PTO, modeled mathematically by the damping
coefficient, areresponsible for converting mechanical
energy to the desired one. As the resulting power is a
time-dependent harmonic signal, generally, in such
conditions, the averaged power in a periodic cycle is
computed as equatidg).

5 p 5 3, 2
01 ~ 1 Qo
[ ,
& 0 8a
a G a o (2
P, X i
~ 0 1§ SAIO
«71s AT - QO
P,
g0 8 s
Wherel is wave frequencyd is the absolute

velocity of the platform just above the PTO system,

a  isthe WEC velocitys Sis the steadtate
amplitude of the relative displacement between the two
ends of the fender.

2.3 Method of fluid dynamic analysis

The dynamic response analysis of the platform under
the environmental forces is performed in ANSYS
AQWA. The hydrodynamicanalysis in Agwa is
according to the ideal potential flow theory, which is a
good approximation fahedynamic analysis of objects
under the sea wave excitation forces. The value of
Froud Krylov, diffraction and hydrodynamic wave
forces are calculatdohsed on the diffraction theory in
which the total fluid potential function is expressed as
the sum of the incidents (), radiation ¢ and
diffraction ¢ ) potential functions:

©)

The dynamic equations of the platform and sphere buoy
have been developed based on newton's second law
and the PT@nduced forcenasthe maincontribution

to the couplingof their dynamic motios The solution

of the governing equations in Ansys Agwa &séd on

the boundary element method. In this method, instead
of meshing all parts of the fluid domain, the domain's
boundary is just discretized by elements, and then the
governing equations can be numerically solved.
Therefore, solving the equations iarisferred on the
domain boundary, reducing the solution time. A
schematic view of meshing is presenteéigure3.

30
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Figure 3. A schematic view of the platform meshing

3. Results and discussion

3.1 Validation

For validation and checking the correctnessths
simulation, the RAO response of the platform without
WECs is compared with the corresponding results of
the same model in the numerical study of Ghafari et al
[32] and experimental published works of Ghafarai and
Dardel[32] andRashdi et al[33].
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each WEC PTO, the relative movement between its top

o
©

—o ommnetazot | | | and bottom position is cruciaFigure 6 shows a
07 [| ¥ Present study-with mooring ] schematic view of a fender simulating the dynamic

o
o
T

behavior of a real PTO system. The steady state
amplitude of the relative displacement between the top
of the fender (point E) and the bottomtbe fender
(point F) is the main parameter utilized for power
calculation.

e
o

Pitch Rao [deg/m]
&g =

o
)
T

o
o

o

2 ‘ - é Z‘! 1‘0 1l2 1‘4 16
Period [s]
c)
Figure 4. Comparing the RAO response of the offshore
platform for three case studies in three directions a) Surge b)
heave and c) pitch

The heave, surge, and pitch RAO responsddguare

4-a, b, and c¢ show that the results are in good
agreement. Furthermore, the effect of catenangring

on the RAO response is investigated, which indicates a
negligible effect. It may be attributed to the fact that
catenary stiffness in the heave and surge direction is
small compared to the hydrostatic stiffn¢33]. This
analysis is not existed iRigure 4 to be not messy.
Therefore, the applied force from a mooring is not high
to affect the platform movement.

3.2. Relative displacement othe fender ends

One of the main objectives of this study is to investigate
the effects of installing PAWECs on the dynamic
response of the semubmersible platform. For this
reason, te PAWECs are considered with different
installing locationsFigure5 shows two configurations

of attached PAWECSs on the platform such that in case
(a)’ the d?star]ce between WECs in the Iongitudingl Figure 5. Different arrangements of installed WECs with
dlrectlo'n is_higher than the case (b). The dynamic different distances between WECS in longitudinal directions
properties of all four installed WECs fdhe two as a) 54.72 m, arrangement A and b) 16.72 m,
arrangements are exactly the same. arrangement B

Locating the WECs at a far distance from the effective
waves undethe pontoon creates benefits because the
sea wave pressure applied on the WEC can induce
motion in the buoy of the PAWECS that may increase
the total vibration of the platform depending on the
wave frequency and system dynamic properties. If the
WEC is notaffected by the waves, it just oscillates due
to its connection with the platform. These oscillations
can induce the resisting added mass forces on WECs
which in turn can overlay reduce the system's total
vibration.

The effect of attached WECSs on the fdain dynamic
response can be accurately seen via time domain Figure 6. The top and bottom points of the énder

analysis, and comparing it with the obtained steady

state amplitude of the single platform is the main TO demonstrate the steady state amplitude of a time
criterion for understanding the WEC influences. Signal, for instance, at the excitation period of BEhd
Moreover, the resulting steadyate amplitde of the =~ wave amplitudef 3.5 m the displacement time signals
relative displacement of WECs and platforms is for the mentioned positions for WELin arrangement
utilized to derive extracted power. It means that for A are demonstrated iRigure?7. Cases (a) and (b) are
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absolutedisplacements of the platform at point E, the arrangement A, while the peak period for arrangement

location of the jointing platform with the fender, and B is higher. The data is determined at the marked points

case (b) is the absolute displacement at point F, thein Figure8; for the other points between marker points,

locaion of attaching the fender and the sphere buoy. the other runs are required to clearly show the more

Case (c) is the relative displacement between points Eaccurate trend. However, it is not the scope of the

and F. present work, and the overall variation is enough to see
the difference between the two arramgats.

a) Displacement of point E(top of fender)

T -15 E— T T
= , Transient T T T T T T T r T r
§ 1.8 —OE— Arrangement A,PTO-1 |
B -20 —-H3--- Arrangement A,PTO-2
E 1.6 —&— Arrangement A,PTO-3 |-
< .25 L . . L L . L L ! —_ — % - Arrangement A,PTO-4
0 100 200 300 400 500 600 700 800 900 1000 E. 14 —O— Arrangement B,PTO-1 ||
Time [s] © —-H---Arrangement B,PTO-2
2 b) Displacement of point F(bottom of fender) E 121 B ; :::::Z:::: :':Igj 1
% T T T T T T T T TE’- WL . :
3 -25 <
£ o 08F
E 2
.30 . . . . . . . . . £ o6l
0 100 200 300 400 500 600 700 800 900 1000 °
Time [s] x 0.4
c) Relative displacement Steady state
E 0 T T T T T T T T amplitude * 0.2r
> .
T 5 L7 el of . I . I . I . I
H 5 6 7 8 9 10 11 12 13 14 15 16
£ . \ s . ‘ s ‘ . ‘ Period [s]
< -10 . ) i
0 100 200 300 400 500 600 700 800 900 1000 Figure 8. The steadystate heave amplitude of the relative

Time [s]

displacement between the top and bottom of WEC PTOs

. . . e the period ata wave amplitude of 1.75 m
Figure 7. Heavetime history for WEC-1 of arrangement A at Versus per wav PHu

a) top of the fender, b)the bottom of the fender, and c) their
relative displacement at a wave amplitude of 3.5 m 3.3. Extracted power of each WEC

As demonstrated inFigure 7-a, the vibrational The captured power ofach WEC versus wave
amplitude changes in each period at the transient part€Xcitation period for arrangements A and B is shown in
of each signal until the time it will be a constant value Figure 9. The maximum power is approximately
in a steady state condition. A similar repeatable pattern @round the period of T=11 s forangements A and B.
in each period indicates that the state is steady, and thigt is approximately the same as the peak period of
amplitude is the steady state amplitude. The steady relative displacement ar_nplltudest. is demonstrated _
state amplitude of the relative displacement, as shown that the captured power is the same for all the WECs in
in case (c), should be replaced in equaf@ninstead each arrangement.
ofs sfor calculation of the power. [ T T T 1 Fo—hmamomenawec
It is noted that the mean position for case (a) i2@= o D
m, which indicates that point E attached to the platform - mnemen ANESS
oscillates around itequilibrium position Of z=20 m.
Similarly, the bottom point of the fender or the top of
the sphere buoy vibrates around its corresponding
equilibrium location at a depth of 24 m.
As the semsubmersible is located in ti@aspian Sea s
the properties ofhe corresponding sea states for the
regular excitation waves are considered. Some values e s s 10 w1 1z 13 w4 15 1
of the most dominant periods, such as 6, 8, 10, 12, and Period [s]
15 s, are selected based on the Caspian sedHtate a)
The wave amplitude of 1.75 m is also assumed for all L
the regular and incident excitation waves. ) 5 Amangement BWEC-2 |
The steadystate amplitud of relative displacement — - Amrangement B,WEC 4
between the top and bottom position of each WEC PTO
versus period is presentedRigure8. In arrangement
A, where thdocation of WECs is far from the platform
gravity center, the mentioned amplitudes are higher
than those for arrangement B. S
All the considered regular waves have the direction of
@ relative to the longitudinal symmetric axis at the e 1 8 0 wom omom w1 e
present work. Thereforéhe dynamic motion of spar P"B‘;d tsl
buoys of all WECs is approximately the same in each rigyre 9. The power of each WEC for a) arrangement Aand
of the two arrangements, which is confirmedrigure b) arrangement B ata wave amplitude of 1.75 m
8. The maximumelative amplitude is about T=11 s for
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For instance, the total captured power at the period of
11 s for arrangement A with four WECs is about
4*17=68 kw which can supply some electronic devices
on the patform.

34. Total extracted power
displacement

Since some part of the mechanical energy of the
oscillating offshore platform is captured by the
installed WECSs, it is predicted that the platform
displacement reduces when the WECs are combined
with the platform compared to the single situation.
Figure 10 shows the steady state absolute heave
amplitude versus period. It is indicated that the
integrated systems have lower vibrational displacement
than he single platform. Moreover, arrangement B
considerably results in the same heave and pitch
amplitude for the platform as for arrangement A.
Therefore, integrating a semilbmersible platform
into the PAWEC has two merits: producing power and
reducing thelynamic response of the platform, which
improves its performance during the operational time.

and system

1.5 T T T T T T
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Figure 10. The dynamic response of combined platform for
motion direction of a) heave and b) pitch at wave amplitude of
1.75m

L L
8 9

The sphere buoy size is an effective parameter of the
WEC dynamic response. Furthermore, the variation of
the total generated power versus period at the different
sizes of the buoy is investigated. Moreover, that effect
on the dynamic response of the filat is also studied.

Figurellindicates that the increase of the sphere buoy

buoys. It is shown that the power is small at very small
and large values of the period.

160 - —O— Arrangement A, R=2.25 m | -
—H&— Arrangement B, R=2.25 m
—O— Arrangement A, R=3.25m | |
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-
B
o

-

N

=)
T

Power [kw]

1
Period [s]
Figure 11. The generated power of arrangements A and Bor
different sizes of sphere buoy.

10

Figure 12 shows the effect of the buoy size on the
dynamic response of the platform. It is demonstrated
that the increase of the sphere buoy reduces the
dynamic response ithe heave and pitch direction. It
may be attributed to this fact that the natural frequency
of the oscillating buoy approaches the wave excitation
frequency such thahe relative displacement ahe
buoy and platform increases. In this situation the
generated power increase and the platform dynamic
response reduces. Thimgleplatform case is related to

a dynamic response of the platform without any
attached WECs.
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Figure 12. The heave and pitch dynamic response of single

platform and combined platform for different sizes of sphere

buoy.
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radius increases the total generated power. The peak

period of the extreted power is higher for larger sphere
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of the single platform and combined system athe different
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Figure 14. The Sway, Surge, Rolland Yaw dynamic response

of the single platform and combined system athe different

sizes of sphere buoy in arrangement B.



