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In recent years, semisubmersibles have increasingly replaced fixed and semi-
compliant platforms in deep water deployments. Their larger deck area and su-
perior operational stability under severe environmental loads have contributed
to their widespread use. However, excessive heave motion remains a criti-
cal design concern. Passive and active control strategies have been explored
to address this concern. The present study proposes a novel passive damp-
ing system suspended beneath the platform deck to suppress excessive heave
motion. The results demonstrate the effectiveness of the proposed passive
damper in controlling heave motion under low and moderate sea states. At high
sea states, however, its performance declines because it does not adequately
suppress second-order effects and coupling between degrees of freedom. The
controlled response behavior may result from complex inter-degree-of-freedom
coupling effects, including second-order interactions. It requires more detailed
higher-order analysis, which is beyond the scope of the present study. Addi-
tionally, the proposed damper system is uniquely driven by the buoyancy forces
generated during submergence, eliminating the need for external power. Thus,
the control action is inherently self-induced through the platform’s motion,
offering a simple, energy-efficient, and reliable solution for heave mitigation.
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1. Introduction

Semisubmersible platforms are floating struc-
tures characterized by neutral buoyancy and par-

Modern  civilization = relies  heavily  on
hydrocarbon-based energy resources, primarily
crude oil. However, reserves in nearshore re-
gions have been significantly depleted over time.
Structural systems traditionally employed for ex-
ploration and production in shallow waters are
no longer viable for deep-sea resource extraction.
Fixed offshore platforms, previously suitable for
such operations, have become inadequate in ad-
dressing the challenges associated with greater
water depths. Consequently, there is a growing
need for alternative platform configurations ca-
pable of efficient exploration and production in
deep and ultra-deep offshore environments.
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tial submersion. They offer several advantages,
including a small waterplane area, enhanced sta-
bility, and a large deck space; however, they
still encounter challenges associated with exces-
sive heave motion.'3

Experimental studies have examined the cou-
pled dynamic response of a tension leg platform
(TLP) subjected to wave—current interactions at
varying heading angles. The results revealed sig-
nificant coupling between wave-induced motions
and hydrodynamic loads, demonstrating the in-
fluence of heading direction on platform stabil-
ity and tendon tension behavior.* The present
study investigates the heave control of a Hai
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Yang Shi You (HYSY)-981 semisubmersible us-
ing a novel passive damper. Recent studies have
demonstrated the versatility and safety of deploy-
ing semisubmersible platforms in deep-sea envi-
ronments through postulated failure analyses.?®

To mitigate heave motion, Travanca and
Hao® introduced a modified hull configura-
tion incorporating trussed heave plates, while
other studies proposed the addition of conven-
tional heave plates to improve hydrodynamic
performance.”Zhu et al.® verified an improved
movable heave-plate design with superior per-
formance; however, its practical implementation
requires detailed hydrodynamic validation. A
tuned heave-plate configuration was also reported
to provide significant improvement in vertical
motion reduction, though the approach is con-
strained to specific tuning conditions and does
not consider robustness across varying wave envi-
ronments. [9] The implementation of a truss pon-
toon geometry above the columns has additionally
been shown to enhance the resonance character-
istics of semisubmersibles.!? Furthermore, the in-
tegration of buoys along mooring lines has effec-
tively reduced both hull responses and mooring
line tensions.®

Passive damping systems, such as tuned mass
dampers (TMDs), have been successfully em-
ployed in TLPs to suppress surge motion. 13 Ex-
perimental investigations have validated the effi-
ciency of multiple TMDs in motion control across
different mass ratios. Zhu et al.'*developed an op-
timized passive suspension system for pitch reduc-
tion using analytical-numerical coupling; how-
ever, the study primarily targets pitch motion
and does not address fully coupled multi-degree-
of-freedom dynamics. Qiu et al.'®introduced
a quasi-zero-stiffness vibration isolation system
for semisubmersibles and demonstrated improved
low-frequency response mitigation; however, the
study relies on idealized stiffness characteristics
and does not fully capture nonlinear hydrody-
namic effects during long-term operation. Dy-
namic positioning systems also contribute to miti-
gating platform motion in horizontal and vertical
directions, as confirmed by Liang et al.'® How-
ever, this approach is limited by its dependence
on precise sensing and insufficient consideration
of hydrodynamic uncertainties under harsh sea
states.

The two-body interaction in full submergence
has been shown to improve heave-motion re-
duction more effectively than conventional heave
plates, which do not contact the water body,
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as verified both experimentally and numeri-
cally in previous studies.!”!® Recent advance-
ments in control technology have driven inter-
est in artificial intelligence (Al)-assisted strategies
for vibration mitigation.!” Ahmad et al.?? pro-
posed a hybrid regression—proportional-integral-
derivative approach to improve the dynamic sta-
bility of a floating offshore platform. Both studies
yielded promising results, though broader investi-
gations across different platform types are needed
to generalize the applicability of Al-integrated
control schemes.

Ma et al.2! proposed a novel rotational iner-
tia damper (RID) to suppress heave motion in
semisubmersible platforms operating in shallow-
sea conditions. They demonstrated that the RID
effectively dissipated vibrational energy and sig-
nificantly reduced heave responses, offering an ef-
ficient alternative to conventional damping mech-
anisms for floating offshore structures. Several
studies have reported that the RID serves as an
effective alternative for heave-motion reduction,
outperforming traditional heave plates under cer-
tain conditions.?>?* An inerter-based vibration
isolation system has also been examined for reduc-
ing heave motion in semisubmersible platforms,
and significant performance enhancement under
wave excitation was reported; however, the anal-
ysis remains limited to idealized linear conditions
and does not address nonlinear hydrodynamic ef-
fects or full-scale implementation challenges.?

For single-point anchor reservoir platforms,
heave response has been shown to depend largely
on the cylinder diameter and the deck-to-cylinder
aspect ratio, providing limited flexibility for para-
metric tuning.?® The tuned heave plate energy-
harvesting system demonstrated efficient heave
control but operated effectively only within a nar-
row operational frequency range.?” Liquid column
dampers and tuned liquid column ball dampers
have been studied under various sea states,
with tuned liquid column ball dampers exhibit-
ing superior performance for offshore wind tur-
bine applications.?®2? TMDs and buoyant mass
dampers have also been explored for controlling
undesired motions of compliant offshore struc-
tures, with optimization efforts focused on min-
imizing response-reduction factors.30-32

Recent studies have demonstrated the effec-
tiveness of a tuned liquid multicolumn damper in
mitigating the pitch motion of semisubmersible
floating offshore wind turbine substructures.??
The study demonstrated that the tuned liquid
multicolumn damper system significantly reduced
platform pitch responses under combined wind
and wave excitations, confirming its potential
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as an efficient passive control device for float-
ing wind applications. A novel adaptive fuzzy
damping controller was developed to mitigate the
coupled surge—pitch motions of semisubmersible
platforms.?* The proposed control strategy effec-
tively adjusted damping characteristics in real
time, resulting in substantial reductions in mo-
tion amplitudes and improved overall platform
stability under varying sea states. The opti-
mized design of multiple TMDs for vibration
control in offshore wind turbines has also been
investigated.?® Their study demonstrated that an
optimally distributed multiple-TMD configura-
tion significantly enhanced vibration suppression
efficiency and extended fatigue life compared to
single-TMD systems under stochastic wind and
wave loading conditions.

Previous research examined the active control
of nonlinearly coupled responses of a TLP sub-
jected to combined wind and wave excitations.3
The research demonstrated that the proposed
control strategy effectively mitigated platform
motions and tendon-tension fluctuations, thereby
enhancing the overall stability and safety of TLP
systems in harsh marine environments. An Hs ac-
tive vibration-control strategy was also developed
for offshore platforms subjected to wave-induced
excitations.?” The study demonstrated that the
proposed control approach effectively minimized
structural vibrations and improved motion sta-
bility, highlighting its potential for enhancing the
dynamic performance of floating offshore systems
under irregular sea states. Studies on the influ-
ence of actuator dynamics on the performance of
active structural control systems for offshore wind
turbines have also identified key limitations.3%39
These studies reported that actuator dynamics
significantly affect control effectiveness and sys-
tem stability, emphasizing the need to account
for actuator response characteristics during the
controller design process.

Research on heave-motion mitigation using
passive dampers in semisubmersible platforms re-
mains limited, particularly for deep-water ap-
plications. Most existing studies have focused
on semisubmersible platforms supporting offshore
wind turbines rather than conventional deep-sea
structures. In remote offshore regions, reliance
on active or semi-active control systems is often
impractical due to power-supply constraints. To
address this gap, the present study introduces a
novel passive damper system specifically designed
for deep-water operations up to 1,500 m. The
damper mechanism is activated through partial
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submergence, wherein buoyancy provides the ini-
tial restoring force required for activation. Struc-
turally, the system comprises a rigid plate, ver-
tical stiffeners, and an elastomeric mass. The
vertical stiffeners, arranged in parallel and opti-
mized for stiffness, are tuned to the operational
frequencies of the selected semisubmersible plat-
form. The conceptual design and configuration of
this passive damper system have been patented
by the authors (Patent Grant No. 202441058025,
India).

2. Numerical analysis

The present study considered the HYSY-
981 semisubmersible platform, developed by
the China National Offshore Oil Corporation
(CNOOC). The selected platform does not orig-
inally include the proposed passive damper sys-
tem; therefore, the innovation lies in evaluating
its performance with the inclusion of this damper.
As illustrated in Figure 1, the platform comprises
two submerged pontoons connected by four rect-
angular columns and is station-kept using a 12-
point spread mooring arrangement. The plat-
form is equipped with a passive damper system
designed to mitigate heave motion. The damper
is suspended beneath the deck, with a portion of
its body submerged. It is enclosed within a pro-
tected compartment and supported by braces con-
nected to the semisubmersible’s columns, which
prevent excessive displacement during operation.
The damper assembly comprises an elastomeric
mass element, a rigid plate, and a stiffness compo-
nent consisting of vertical stiffeners. These stiff-
eners are arranged as a series of elements attached
to a suspended rod extending from the lower deck,
rather than as a single unit. They are positioned
in an elliptical pattern inscribed within the square
plan dimensions of the damper system, ensur-
ing effective load transfer and structural stabil-
ity. The details of the platform and mooring sys-
tem are provided in Tables 1 and 2, respectively.
The environmental parameters used in the analy-
sis represent typical conditions of the South China
Sea,?! as summarized in Table 3. The sea state
was characterized using the Joint North Sea Wave
Project spectrum, while the wind load was esti-
mated based on the American Petroleum Insti-
tute wind spectrum corresponding to a onel-hour
mean wind speed. Furthermore, a nonlinear cur-
rent profile varying with depth was assumed, ex-
tending to 203 meters below mean sea level.

The semisubmersible platform was numeri-
cally modeled using the hydrodynamic diffraction
and response analysis module available in AN-
SYS Workbench 2025 R1 (ANSYS Inc, USA).
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Table 1. Geometric properties of the semisubmersible platform

Parameter Magnitude Unit
Deck size 74.42 x 74.42 x 8.6 m
Column members (4 units) 17.385 x 17.385 x 21.46 m?>
Pontoon members (2 units) 114.07 x 20.12 x 8.54 m?
Mass 47,533,450.8 kg
Water depth 1,500 m
Draft 19.0 m
Center of gravity below the mean water level 0.53 m
Radius of gyration for roll (R) 324 -
Radius of gyration for pitch (R,) 32.1 -
Radius of gyration for yaw (R.) 34.4 -

Table 2. Properties of the mooring lines of the semisubmersible platform

Specifications Magnitude Unit
Chain length 2,500 m
Mass per unit length 163.86 kg/m
Axial stiffness 0.67 MN/m
Equivalent cross-section 0.014 m?
Equivalent diameter 0.095 m

Longitudinal drag coefficient 0.025 -

Deck

Column

A

Damper

system
Bracket

Pontoon

Mooring
lines

Figure 1. Schematic model of the semisubmersible platform with a passive damper

Table 3. Environmental loads

Description Return period Unit
10 years 50 years 100 years
Low Moderate High
Wind speed 34.8 48.7 48.7 m/s
Significant wave height 6 11.1 13.3 m
Peak spectral period 11.2 13.6 15.5 S
Current speed 1.3 1.5 1.5 m/s
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Figure 2. Numerical model of the semisubmersible platform

The model was initially created within ANSYS
Workbench and subsequently transferred to the
hydrodynamic analysis environment. The en-
tire structure was modeled using a diffraction—
radiation (time-domain convolution) formulation
to capture hydrodynamic interactions. A finite
element mesh consisting of 9,432 nodes and 9,461
elements was generated, with a maximum element
size limited to 3.25 m to ensure mesh convergence.

Figure 2 presents the numerical model of the
platform with the damper system. The mooring
lines were modeled as catenary cable elements, ex-
tending from the fairlead connections to fixed an-
chors positioned 1,500 m below mean water level.
A time-domain hydrodynamic response analysis
was conducted for 2,000 s with a constant time
step of 0.05 s, considering the combined effects of
wave, wind, and current forces. The external pas-
sive damper, comprising the mass, stiffeners, and
dashpots, was also modeled within the same en-
vironment. The vertical stiffeners were modeled
as fender elements in the numerical simulation,
enabling effective transfer of forces from the deck
structure to the damper mass. Its initial design
parameters were determined through a prelimi-
nary analysis conducted for representative load-
ing conditions.

Figure 3 presents the damper configuration
and corresponding free-body diagram, while Ta-
ble 4 lists its physical properties. Each mooring
line was assigned an axial stiffness of 0.67 MN/m
and an equivalent cross-sectional area of 0.014
m?. The analysis considered three loading con-
ditions corresponding to low, moderate, and high

sea states.
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3. Results
3.1. Validation of the numerical model

To evaluate the reliability and accuracy of the
proposed modeling framework, a comprehensive
validation study was conducted through compar-
ative analysis with existing literature. Specifi-
cally, the free vibration response—characterized
by the absence of external force influences—was
evaluated against the findings reported by Chan-
drasekaran and Uddin.? This comparison serves to
verify the fidelity of the numerical model in cap-
turing the inherent dynamic behavior of the sys-
tem under undisturbed conditions. Table 4 shows
the damper parameters used in the study, whereas
Table 5 presents a comparison between the two
studies, demonstrating that all listed parameters
are consistent with previous findings.

The equation of motion is given by:

m 0 Z c 0 T
EEAIEI RIS
k+ky —kg z | _ | F(t)
T ke ke |2 T 0
where m and my are the mass of the plat-
form and damper, respectively, and c is the damp-
ing coefficient of the platform. Similarly, £ and
kq represent the stiffness of the semisubmersible
platform and the damper, respectively. The sum
of all external forces acting on the platform is
grouped as {F(t)} and assumed to act at the
mass center of the platform. =z, &, and & are
the displacement, velocity, and acceleration of the
platform, respectively, whereas x4, 4, and Z4 are

the displacement, velocity, and acceleration of the
damper, respectively.

(1)
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Table 4. Damper properties

Specification Dimensions Unit
Damper length 35 m
Damper breadth 35 m
Damper height 5 m
Mass 950,669 kg
Stiffness 4000 kN/m
Damping coefficient 0.02 -

No. of stiffeners 8 -

Table 5. Damping ratios and natural periods

Description Present study Reference study?
Natural periods Surge 175.8s 184.6 s
Heave 20.9s 21.3 s
Pitch 28.0s 254 s
Damping ratios Surge 5% 0.2-9.5 %
Heave 2.09 % 0.9-1.9 %
Pitch 0.7 % 0.6-1.9 %
m
! kx cx
x  F(t)
» F(t
Kq % m © kg(xg —x)
k§ c mx
m |2
v
Xq ka(x —xq)
T Y24 mgxy

Figure 3. Damper configuration and free-body diagram

Figure 3 displays a free-body diagram of the
force balance.

mi+ct+kr+kg(z—xq)=F(@t) (2
mata+ kq(za —x) =0 (3)
m &+ ct + kx + kqr — kqrg = F (t)  (4)
madq + kgrg — kgr =0 (5)
Assuming
r=xe Wi =jwr e ™
zg = xge "t g = iwxge” (6)

As the system is tuned, it is assumed that
both have the same frequency:

2 iwt 2

= —wx
wt —wad

I = —wzre”

2

(7)
(8)
Substituting Equation (8) into Equation

(5):

Tg = —w Tge”

ma(—w?zq) + kqrg — kqr =0
l’d(kd - mdwz) = kdx
kqx

9)

Substituting Equation (9) into Equation

(5):
ma—+ci+kx+kqr—kq(

Tg =5 ">
kg — mgw?

kdx
— ) =F(¢) (10
o) = F (@) (10)

Dividing both sides of Equation (10) by the
mass m:
F(t) = Pye~ ™t
Poe—iwt

Simplifying further:

k kd —mdw2 T
]Cd — mgw 2

kdx

kg — mgw? m

(11)

k
jé—l—ca’c—i-kx—i-d(x
m

. C. Pye~ 't
T+ —x+ =
m

—x 4+ —
m m

m(12)
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C
Ce
C

= 2Cwn

Sle

k
m

k
7:0‘)3
mq

After substitution, Equation (12) can be

rewritten as:

— Wlze ™ 4 2 wpiwre @t 4 wire Wt

N @ _mdw2 . e_th _ Poe—z'wt (13)
kg — mgw? m
Simplifying and rearranging:
Py 1
r=— -
mw2 —w?4 74 (7,%;”:2:&)2) + 2Cwniw
(14)

Dividing the w? in the numerator and denom-
inator of the right-hand side of Equation (14):
Py 1

k| wi—w? + % < —mgw? ) +

w? kq—mgw?

T = i (15)

Wn

The following are the non-dimensional char-
acteristic parameters:

(i) Mass ratio: MI%
(ii) Frequency ratio:

f=gd; pr=

Simplifying Equation (15) becomes:

Py 1
r=— . (16)
b1 - B2 4 BP0 4 2cipe

To eliminate the imaginary component from
the denominator, the term 1— B*z—i—g —2(i3*

is rationalized by multiplying the expressmn by its
complex conjugate:

L ge2 L uf?B  5rige
R =

k (1_5*2+M>2

ﬂ*Q_fZ
The steady-state response, derived from
Equation (17), is represented on an Argand di-

agram in the complex plane (Figure 4). This
displacement can be expressed as:
x (t) = psin (wt — 0) (18)

—1

Mf2ﬁ*2 >2+4§2,8*2] ’

Py
(19)

(1 . /8*2
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2Cg

0 = tan ! PR
1- g2 4 BB 4 ac2pe

(20)

The dynamic magnification factor is defined

as the ratio of the amplitude of the steady-state
harmonic response to the static displacement pro-

duced by the same force:
-1

P *2 f2/8*2 2 2 %2 ?
(21)
. (8*2 - f2)2
- 2
(1 _5*2) (5*2 _ f2) +/~Lf2ﬁ*2}
+4C2B*2(6*2 _ f2)2
(22)

The amplitude of the steady-state response is
influenced by several parameters, including the
mass ratio (u), frequency ratios (f, 8*), and
damping ratio (¢). To identify the optimal mass
ratio (u) corresponding to a damping ratio (¢) of
2%, as obtained from the dynamic analysis, a nu-
merical investigation was conducted. The average
heave excitation force derived from the numerical
simulation was used as the input in MATLAB,
where the steady-state response of the system was
evaluated using Equation (21) for different val-
ues of mass ratio (u).

2. Response of the analytical model

The dynamic amplitude factor (DAF) of the plat-
form’s steady-state response under the action of
the damper is expressed as follows*?
maxz(t)
CPR/k

Thus, it is necessary to define the upper and
lower limits of the frequency ratio, which is used
in Equation (22):

DMF = (23)

Wd

=— 24
= 24)
By tuning this frequency ratio, the maximum

DAF can be calculated as:

max (z (t) /)

Py/k
where f; and f; are the lower and upper limits
of the frequency ratios. Thus, the maximum re-
sponse amplitudes are functions of u, ¢, and f for
given values of structural damping (().

DMPF pax = (25)
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Figure 4. Steady-state response of the damper system
Table 6. Properties of the controlled mode of the platform
Specification Dimensions Unit
Mass of the platform 47,533,450.8 kg
Natural frequency of the platform 0.307 rad/s

Damping ratio of the platform

0.0209 -

35

30

25

15

10

1

T

T

«=0.01
u=0.02
1 =0.03

x/ x|

’>\/
7 N

( \
\

\\-1—//
F=wlw
n

Figure 5. Dynamic amplification for different mass ratios
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— mass ratio 1%

mass ratio 2%

mass ratio 3%

0.4

0.6

Frequency( rad/s)

Figure 6. Heave power spectral density for different mass ratios

3.3. Parametric optimization

This section discusses the effects of frequency
ranges, mass ratios, and damping ratios on the
performance of the damper system. In the numer-
ical simulation, the main parameters of a vibra-
tion mode of the semisubmersible platform were
used to investigate the vibrational energy dissi-
pation capacity of the novel damper system. The
properties of the controlled mode platform are de-
picted in Table 6. In addition, an excitation fre-
quency range of 0.5 < f < 1.5 was considered.

The dynamic amplification for different mass
ratios is shown in Figure 5. These responses
were captured for a controlled damping ratio of
2%. The findings revealed that increasing the
mass ratio reduces the response amplitude in the
resonance band. However, the mass ratio is lim-
ited to 3%, as higher values are not practically
feasible.! Nonetheless, this limitation does not
clearly indicate the most effective mass ratio for
the proposed damper system. Therefore, the
heave power spectral density curves for the low
sea state were assessed and are presented in Fig-
ure 6. Among the selected mass ratios, the 2%
configuration demonstrated optimal performance
with lower energy content. Notably, in the near-
resonance region, the heave motion was reduced
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by nearly four times compared to the 3% mass
ratio. Although the 1% mass ratio offers the ad-
vantage of a lighter damper system, it exhibited
pronounced resonance peaks, which may become
critical under varying sea states. Therefore, the
2% mass ratio was identified as the optimal value
for damper design.

Regarding other parameters, such as fre-
quency ratios, their influence was found to
be significant in determining damper perfor-
mance. Since the proposed damper relies
on stiffness components—particularly vertical
stiffeners—that contribute to the damping effect,
the optimal stiffness (wy) was determined through
iterative trials. The corresponding stiffness val-
ues were incorporated into the numerical model to
evaluate the damper’s effectiveness. Based on the
analysis, the final optimized stiffness value was
established and adopted for the novel damper de-
sign. Figure 7 presents the heave spectral re-
sponse for different stiffness values at 2% mass
ratios.

The stiffness value of the damper was deter-
mined based on the frequency ratio, defined as the
ratio between the platform stiffness and damper
stiffness. Typically, 10-12% of the platform stiff-
ness is adopted for damper design. In this study,
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a frequency ratio (f) of 0.1 was selected, corre-
sponding to a damper stiffness of approximately
4750 kN/m. The results indicate that stiffness
values of 4000 kN/m and 5000 kN/m yield op-
timal performance. Beyond this range, such as
at 6000 kN/m, a significant increase in energy
content was observed in both resonance and peak
wave regions. Conversely, a lower stiffness of 2000
kN/m exhibited reduced energy dissipation capa-
bility, leading to less stable behavior under differ-
ent sea states.

Increasing stiffness also demands a higher
number of vertical stiffeners, which increases spa-
tial requirements and overall cost. Considering
all these factors, a stiffness value of 4000 kN/m
is identified as the optimal choice for design pur-
poses. Figure 7 shows the variations for a 2%
mass ratio. However, such high-capacity stiffen-
ers are not readily available in the commercial
market. Therefore, eight stiffeners, each with a
stiffness of 500 kN /m, were arranged in an ellipti-
cal configuration to achieve the desired equivalent
stiffness and ensure effective damping in all load-
ing directions.

After obtaining all the required parameters
for the proposed damper, it was modeled in the
ANSYS AQWA environment, consistent with the
previously developed HYSY-981 platform model.
Numerical simulations of the platform integrated
with the damper were performed under various
sea state conditions. To verify the consistency
and effectiveness of the damper system, additional
analyses were conducted for different wave head-
ing angles of 0°, 30°, 45°, 60°, and 90° for each
sea state.

4. Discussion

The heave response of the HYSY-981 semisub-
mersible platform, integrated with the proposed
novel damper system, was systematically evalu-
ated under a range of sea states as outlined in
the preceding section. Comprehensive numeri-
cal simulations were conducted within the AN-
SYS AQWA environment to capture the coupled
hydrodynamic behavior of the platform—damper
system.  The resulting time- and frequency-
domain responses are presented and critically dis-
cussed in this section to elucidate the effectiveness
of the proposed damping configuration.

Figure 8 presents a time history plot com-
paring the heave response behavior of the plat-
form with and without the proposed damper sys-
tem (controlled vs. uncontrolled cases). Un-
der controlled conditions, particularly at low sea
states, the platform exhibited reduced vertical vi-
brations. Additionally, the mean position of the
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platform was observed to settle slightly below its
initial equilibrium level. This phenomenon occurs
due to partial coupling between the heave and
roll degrees of freedom. Nevertheless, the damper
mechanism effectively stabilizes the motion with
minimal displacement, thereby reducing discom-
fort at the deck level. To further examine the in-
fluence of inter-degree-of-freedom coupling, a sta-
tistical representation of the heave time-history
responses for all considered sea states and vary-
ing wave heading angles is presented in Table 7.

Abbreviations: RMS: Root root mean square;
SD: Standard standard deviation.

All controlled cases exhibited reductions in
most statistical parameters, with the exception
of a few metrics at higher sea states. The anoma-
lous behavior observed under severe conditions
is not fully explained by time-domain statistics
alone. To clarify these deviations, frequency-
domain analysis is essential, as it reveals domi-
nant spectral energy, resonance peaks, and inter-
degree-of-freedom coupling that may cause the
observed responses.

Section 4.1 presents a comprehensive
frequency-domain assessment of the results along
with detailed explanations. The phase plots for
each sea state, comparing platform responses with
and without the integrated damper system, are il-
lustrated in Figure 9. These plots provide a clear
comparison of the dynamic behavior under con-
trolled (with a damper) and uncontrolled (with-
out a damper) conditions. Figure 9 depicts the
stability characteristics of the platform for both
cases. With the damper attached, the platform
exhibits a self-recentering tendency, resulting in
shorter and more confined trajectories. Under
low and moderate sea states, the platform mo-
tion forms nearly concentric circular paths, in-
dicating improved stability and controlled heave
behavior. However, in high sea states, although
the overall displacement is reduced, the motion
trajectories remain less orderly. This may be at-
tributed to the influence of high-amplitude wave
forces, which adversely affect the recentering ca-
pability of the platform, leading to enhanced cou-
pling effects, vortex-induced motions, and the de-
velopment of secondary vibration modes.

4.1. Frequency domain analysis

The heave response spectra for different sea
states, comparing various wave heading angles
with the uncontrolled case, are presented in Fig-
ure 10. For clarity, the uncontrolled case is
shown only for the 0° wave heading angle, serv-
ing as a reference. The heave spectra for low sea
states show the best performance among all cases.
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The peak spectral amplitude is reduced by nearly
an order of magnitude, highlighting the effective-
ness of the proposed damper system.

The damper not only significantly reduces the
spectral amplitude but also smooths the response,
resulting in less pronounced peaks across most
wave directions. This improvement primarily oc-
curs because the damping mechanism effectively
dissipates energy induced by external excitation
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forces. Except for the 90° wave direction, all other
headings exhibit minimal energy content in both
the resonance- and wave-dominant frequency re-
gions. Additionally, a slight frequency shift is ob-
served across the entire range, further confirming
the damper’s ability to modify the system’s dy-
namic characteristics. Overall, the results clearly
demonstrate the damper’s high efficiency under
low sea state conditions, while maintaining its
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Table 7. Statistical heave responses

Parameter Statistical heave responses

Direction Without control 0° 30° 45° 60° 90°
Low sea state

Mean (m) —1.668 —1.656 —1.641 —1.517 —1.526 —1.527
SD (m) 0.331 0.328 0.301 0.276 0.276 0.309
RMS (m) 1.710 1.688 1.668 1.542 1.550 1.558
Max (m) —0.017 —0.742 —-0.678 —0.336 —0.385 —0.475
Min (m) —3.255 —2.8904 —2.672 —2.579 —2.469 —2.549
Moderate sea state

Mean (m) —1.728 —1.530 —1.507 —1.489 —1.495 —1.501
SD (m) 0.986 0.731 0.720 0.867  0.912 0.866
RMS (m) 1.989 1.696 1.670 0.771 0.783 1.733
Max (m) 0.983 0.635 0.595 0.734 0.691 0.624
Min (m) —5.222 —4.035 —4.093 —4.080 —4.076 —4.029
High sea state

Mean (m) —1.761 —1.485 —1.430 —1.421 —-1.431 —1.427
SD (m) 1.281 1.606 1.522 1.509 1.567 1.581
RMS (m) 2.178 1.094 0.738 1.037 1.061 1.065
Max (m) 1.970 2.223 2.008 2.153 2.494 2.195
Min (m) —-7.317 —5.287 —5.118 —5.145 —5.083 —5.242

capability to counteract external wave effects in
higher sea states.

For the moderate sea state, except for the 60°
and 90° wave-heading angles, all other cases ex-
hibit significantly lower spectral peaks than in the
uncontrolled condition. Although the 60° and
90° directions show relatively higher peak am-
plitudes, the overall energy content—represented
by the area under the spectral curves—remains
lower than that of the uncontrolled case. This
indicates that the damper remains effective in
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reducing the overall heave response even under
moderate sea conditions. However, the reduced
performance observed around specific wave head-
ings and frequency ranges (approximately 0.32—
0.37 rad/s) may be attributed to the coupling ef-
fects between heave and pitch motions. A de-
tailed investigation of the inter-degree-of-freedom
interactions would provide deeper insight into this
phenomenon, although it lies beyond the scope of
the present study. Overall, the proposed damper
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demonstrates substantial effectiveness in mitigat-
ing platform responses under moderate sea states.

The responses under high sea state conditions
show comparatively reduced effectiveness of the
damper system. At wave heading angles of 0°,
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45°, and 90°, distinct and pronounced peaks ap-
pear near the resonance regions. This behavior
can be attributed to complex interactions among
the surge, roll, and pitch degrees of freedom with
the heave motion. Furthermore, the presence of
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second-order components becomes more promi-
nent due to the excessive energy input from high-
intensity external wave forces. It is, therefore,
evident that the damper is not fully capable of
counteracting the excitation forces generated un-
der extreme sea state conditions. However, con-
sidering that such severe conditions occur infre-
quently in practical offshore environments, de-
signing a damper specifically optimized for these
rare events would be uneconomical. Hence, the
current damper design offers an efficient and cost-
effective solution for typical operational sea states
while providing reasonable stability under ex-
treme conditions.

5. Conclusion

The semisubmersible platform HYSY-981, de-
ployed for offshore oil and gas exploration, ex-
hibited significant heave motion that necessitates
effective mitigation to ensure operational safety.
In this study, passive dampers were employed to
achieve the desired level of heave control, tuned
over a broad frequency range. A detailed dynamic
analysis was performed to evaluate heave response
reduction under various sea states—low, moder-
ate, and high. Parametric investigations were
conducted for different mass ratios. In summary,
the findings reveal that:

(i) The optimized mass ratio was 2 %, with
a stiffness value of 4,000 kN /m.

(ii) Heave energy was reduced by 83% and
65% for low and moderate sea states, re-
spectively.

(iii) Performance under high sea states was
limited and not fully satisfactory.

(iv) Phase plot analysis demonstrates im-
proved platform stability during damping
action.

This behavior may result from complex
inter-degree-of-freedom coupling effects, including
second-order interactions, which require more de-
tailed nonlinear or higher-order analysis—beyond
the scope of the present study. Additionally,
the proposed damper system is uniquely driven
by the buoyancy forces generated during submer-
gence, eliminating the need for external power.
Thus, the control action is inherently self-induced
through the platform’s motion, offering a simple,
energy-efficient, and reliable solution for heave
mitigation.
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