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Performance of a Multibody Point Absorber
with a Damper Plate in Irregular Waves

Suman Kumar, Vishnu Vijayasankar, and Abdus Samad

Abstract—Wave energy converters (WECs) behave dif-
ferently when operating in irregular waves than in regular
waves. Although numerous studies have described WEC
dynamics in regular waves, the ocean experiences irregular
waves, making it essential to evaluate the performance
under such conditions. A multibody WEC has mixed
motion, adding complexity to system dynamics. In this
study, a multibody floating-point absorber WEC equipped
with a damper plate was designed and tested for irregular
wave conditions in a wave basin at IIT Madras. The wave
conditions varied, with significant wave heights ranging
from 0.15 to 0.23 m and peak periods from 1 to 2.5 s. Hy-
drodynamic coefficients such as the Response Amplitude
Operator (RAO), excitation force, radiation damping, and
added mass were computed using the panel method. A
multibody dynamics solver was used to calculate the power
absorption. Additionally, a new buoy configuration with a
deeper draft was designed and compared with the buoy
equipped with a damper plate. The point absorber with a
damper plate achieved a maximum power output of 14.05
W at H; = 0.23 m and Tp = 2.5 s. The highest absorption
efficiency was 48.2% at H; = 0.20 m and 7p = 2.5 s.

Index Terms—Damper plate, Hydrodynamic coefficients,
Multibody, Point absorber, Power absorption, Wave energy
converter.

I. INTRODUCTION

HE oceans serve as reservoirs for solar energy, pri-

marily manifested in the kinetic energy of waves.
It is predicted that 40 GW of power can be produced
only from the Indian coast [1]. This research aligns with
the United Nations Sustainable Development Goals by
advancing renewable energy technology, contributing
to affordable and clean energy (SDG 7), climate action
(SDG 13), and the sustainable use of ocean resources
(SDG 14). Among hundreds of different types of wave
energy converters (WECs), a floating point absorber
(PA) WEC can harness energy from a single point,
irrespective of the wave direction [2]. Fig .1 shows a
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Fig. 1: A PA schematic diagram.

conceptual design of a PA equipped with a damper
plate. The PA can operate in either a submerged or
floating configuration. Typically, PAs do not require a
fixed structure. A mooring line connecting the spar and
seabed can maintain the PA stationed.

The PA has a floating cylindrical-shaped buoy, a
vertical cylindrical spar, and a power take-off system
(PTOS). The spar passes through the buoy and a
significant portion remained submerged. During the
wave action, the heave motion dominates the buoy,
while the spar remains almost stationary. As a result,
the buoy and spar create relative motion, which is
transferred to a rack and pinion system to rotate the
shaft unidirectionally. The unidirectional motion is fur-
ther transferred to a generator to produce electricity.
Instead of rack and pinion, there are other mechanisms
to harness energy from the relative motion, such as
a hydraulic system coupled with a turbine or linear
generator system. In the hydraulic system, a pump
delivers water to an elevated location, and the turbine-
generator assembly produces electricity from stored
water. The mechanism that converts mechanical energy
to useful power is called the PTOS. Among the PAs,
a single-body or multibody system can be designed.
Due to stability constraints and directional limitations,
single-body point absorbers exhibit a limited efficiency
in capturing wave energy. The multibody analysis is
difficult as it requires an understanding of the dynam-
ics of the buoy and spar, individually and combined
when harnessing power. Among the PTOS, a linear
generator can be a good choice, but it demands specific
expertise in design and operation; therefore, in this
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study, only a rotary generator was considered. The
rotary generator obtains torque through a rack-and-
pinion mechanism. When designed optimally, a two-
body floating PA operates under a wide range of wave
conditions [3].

Recent studies on PAs are presented in table IL
The literature shows studies on hydrodynamics, PTOS
damping, viscous nonlinear modelling and control.
Generator loading also affects the WEC’s performance
significantly [3]. Flores et al. [4] studied the perfor-
mance of a floating PA with three distinct float designs
off the coast of Ensenada, Baja California, Mexico. Chen
et al. [5] analyze the performance of a deformable
double-float wave energy converter (DFWEC-AUV) for
autonomous underwater vehicles (AUVs). The results
show that the optimized DFWEC-AUV can increase
the energy capture performance by 4.7 times. Luan et
al. [6] studied the numerical verification and valida-
tion for a WEC, and the results indicate satisfactory
agreement between the numerical and experimental
motion displacements. Natarajan and Cho [7] propose
a two-body WEC where a torus-shaped outer cylinder
follows waves while a heave disk restricts the inner
cylinder’s motion. This design enhances energy ex-
traction across wave frequencies by leveraging viscous
damping. Pavlidou and Angelides [8] optimize a two-
body heaving WEC using a genetic algorithm and
H? criterion to balance the wave energy extraction
and sprung mass isolation. Similarly, much work on
hydrodynamics, PTOS damping and geometric and
parametric optimizations have been reported in the lit-
erature table II. It was found that substantial literature
exists on PA under regular and irregular waves, but
few on multi-body PA with a damper plate. Kalidoss
and Banerjee [9] studied the effect of different float and
torus designs on power performance and found that a
float with a damper plate was more suitable for longer
wave periods.

The present study investigates the hydrodynamic
behavior of a multi-body floating PA with attached
damper plates [10] under irregular wave conditions
and compares its performance to a deeper draft design.
The PA’s performance under varying wave conditions
was evaluated through laboratory tests in a wave basin
and numerical modeling based on frequency- and
time-domain analyses. The paper outlines the problem
definition, experimental and numerical methodologies,
followed by results and discussion.

A. Abbreviations and acronyms

TABLE I: Nomenclature and list of symbols.

Abbreviations

AM Added mass

BEM Boundary element
method

BEMIO  Boundary element
input/output

DAQ Data  acquisition
system

DOF Degree of freedom

EIF Excitation impulse
function

FFT Fast Fourier trans-
form

Symbols

Ay Waterplane area
[m?]

A.(c0)  Added mass at infi-
nite frequency [kg]

B.(w) Radiation damping
coefficient [N-s/m]

Crros PTO damping coef-
ficient [N-s/m]

Sexirr Wave excitation
force [N]

Fgx Heave reaction
force [N]

Frad Radiation force [N]

g Acceleration due to
gravity [m/s?]

GM Metacentric height
[m]

H, Significant ~ wave
height [m]

Ir Transverse moment
of inertia [m*]

Kpros PTO stiffness
[N/m]

K.(t) Excitation force
impulse function
[N's]

K.(t) Radiation force
impulse function
[N's]

KB Height of
buoyancy  centre

 m

KG Height of gravity
centre [m]

mp Pinion mass [kg]

M Buoy mass [kg]

IRF

PA

PM

PSD

PTOS

w

P

Impulse
function
Point absorber

response

Pierson—
Moskowitz
Power
density
Power take-off sys-
tem

Response
amplitude operator
Wave energy con-
verter

spectral

Average absorbed
power [W]
Wave power [W]

Resistive
[2]
Ramp function

loading

Spectral
[m?/s]

Simulation time [s]

density

Peak period [s]
Group velocity
[m/s]
Displacement vol-
ume [m°]

Standard mass [kg]

Heave  displace-
ment [m]

Heave velocity
[m/s]

Heave acceleration

[m/s?]

Pinion

[m/s]

velocity

Pinion acceleration

[m/s?]

Seawater
[kg/m’]
Wave
[rad/s]
Float inclination
angle [rad]

density

frequency
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TABLE II: Recent studies on PA.

. . Resistive

Author/s Hydrodynamics PTOS Type PTOS Damping Loading
Flores et al. [4] v Mechanical X X
Chen et al. [5] v Ball screw mechanism v X
Luan et al. [6] v - X X
Natarajan and Cho [7] v Linear PTOS v X
Ding et al. [11] v - v X
Yang et al. [12] v Hydraulic X X
Masoomi et al. [13] v - X X
Chen et al. [5] v Mechanical v X
lsitlza[bﬁllia and  Abdelkha- v Linear damping system X X
Yu et al. [15] v Rack and pinion v X
Lande-Sudall et al. [16] v Linear damper v X
Jalani et al. [17] v - v X
Pavlidou and .

Angelides [8] v Linear PTOS v X
Rahimi et al. [18] v Spring-damper v X
Li et al. [19] y Mechanical Moton Rect ¢ x
Rusch et al. [20] v - X X
Giorgi et al. [21] v - X X
Meng et al. [22] v Linear generator v X

II. WAVE BASIN TESTING OF THE PA
A. PA

In this study, a cylindrical buoy with an attached
damper plate is designed fig. 2a. According to Vi-
jayasankar et al. [10], adding a damper plate to the
floating buoy of a PA increases its added mass and re-
duces its natural frequency in the heave mode, thereby
improving its performance in realistic wave periods
without increasing the volume and size, respectively.
A spar connected to the mooring lines passes through
the buoy and damper plate and is connected to the
PTOS. The buoy with damper plate ( F1A) has a
diameter of 0.6 m, a height of 0.4 m, and weighs 35 kg,
while the spar measures 2 m long (fig. 2b). A second
buoy configuration with a deeper draft (F1B) of 0.3 m
was designed while maintaining a 0.6 m diameter to
ensure consistent hydrostatic stiffness. A ballast mass
of 60 kg was selected through iterative adjustments to
match the natural frequency of the F1A. This design
allows for a direct comparison of the hydrodynamic
performances of F1A and F1B, focusing on resonance-
tuning and power-absorption efficiency. The detailed
dimensions are outlined in the table III. The manu-
facturing process took place in a nearby facility and
a central workshop at IIT Madras. Subsequently, the
system was tested in the wave basin at the Department
of Ocean Engineering, IIT Madras.

The PTOS comprises a pair of pinions with a free-
wheel mechanism welded together (fig. 2c) to allow
smooth rotation of the gear teeth while the inner cage
of the freewheels remains fixed. The wheels share a
common shaft. Two vertical racks were connected to
a buoy, and each rack was meshed with one pinion.
The pinion cage was attached to the spar. As the buoy
moved, the pinion rotated along the racks, providing
unidirectional motion to the shaft. The shaft is con-
nected to a DC generator to produce electricity.

B. Wave basin

The wave basin is square-shaped with dimensions
of 30 m x 30 m and has a water depth of 3 m, as

shown in fig. 3. Equipped with a wave absorber to
minimize reflection effects and 52 synchronized pedals
that act as actuators, it can generate both regular and
irregular waves. During the generation of irregular
waves, the wave field simulator MIKE21 managed
significant wave heights for statistical uncertainties for
zero-crossing periods.

C. Experimental procedure

The damping of the PTOS was verified before testing
the PA in a wave basin. Most damping arises due to
friction in the sliding and rotating components. Damp-
ing affects energy extraction efficiency and system
stability. A dry bench test was conducted to investigate
the damping characteristics of the PTOS. The total
damping of the PTOS is influenced by both external
and internal factors, including the resistance within
the generator and mechanical friction. The preliminary
damping of the PTOS was estimated for various resis-
tive loads. The pinion was connected to one end of a
steel wire passing over the pulley, and the other end
was connected to the standard weight to replicate wave
loads, as illustrated in fig. 4. An accelerometer is at-
tached to the pinion cage. The accelerometer data were
processed to obtain the corresponding velocity values,
which were essential for determining the damping
characteristics (eq. (1)). Resistors with different ratings
were connected across the generator output to examine
their effect on PTOS’s damping of the PTOS.

To calculate PTOS-damping coefficients (CpT0s), the
expression can be used as (fig. 4):

d%y dy
W+ mp)W + CPTOSE =MW mp)g 1)

where W and m, denote the standard weight (in kg)
and pinion mass, respectively; and ‘é%’ and ‘é—‘t’ denote
the acceleration and velocity of the pinion, respectively.

Initially, the buoy was placed in water to check
for the natural period through a decay test. A decay
test involves displacing the buoy from its equilibrium
position and releasing it to measure its natural period
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Fig. 2: Components of the PAWEC system: (a) Buoy with heave plate, (b) Spar, and (c) Rack and pinion PTOS.

Fig. 3: Wave basin facility at IIT Madras.
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Fig. 4: Dry bench test setup: (a) Experimental setup for PTOS damping test, (b) Schematic of the bench test.

and damping characteristics based on its oscillatory
motion as it returns to equilibrium. Irregular waves
were generated using the Pierson-Moskowitz (P-M)
spectrum, which describes the distribution of wave
energy across different frequencies in a fully devel-
oped sea. Considering the operational limitations of
the wave basin, the test was conducted for various
combinations of peak periods (Tp) ranging from 1-2.5s
and the significant wave height (Hs) ranging from 0.15

- 0.23 m with the model using a scale factor of 1 : 3:3.
By applying Froude scaling, these model wave heights
correspond to 0.50 to 0.76 m in full-scale conditions,
while the wave periods range from 1.8 to 4.5 s.

Wave elevations, heave accelerations, and heave re-
action forces were measured using different sensors.
A data acquisition (DAQ) system, such as Spider 8
(fig. 7d), transfers the data to a computer. The exper-
imental setup layout in the wave basin is shown in
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Description Value Unit
Wave tank

Dimensions 30 x 30 m
Water depth 3 m
PA position from wavemaker 15 m
Buoy (F1A)

Diameter 0.6 m
Height 0.4 m
Wall thickness 0.002 m
Mass 35 kg
Buoy (F1B)

Diameter 0.6 m
Height 0.6 m
Ballast mass 60 kg
Total mass 90 kg
Spar (F2)

Outer diameter (Tube) 0.048 m
Thickness (Tube) 0.003 m
Spar base diameter 0.5 m
Length 2 m
Sensors

Accelerometer Range: £5 g pk; Sensitivity: 1000 mV /g -
Load cell capacity 3000 N

Wavemeter / Wave Gauge
DAQ (Spider8)

Type: Conductive; Resolution < 1 mm
Resolution: 16 bits

Wave-probe WEC

10 m l l 15m

Wavemaker

w T

7[

Absorber side

30m

Fig. 5: Wave tank test setup.

fig. 5. A floating structure remains in static equilibrium
if the total force and moment acting on it are zero. A
floating device is stable if the metacentre lies above the
centre of gravity (fig. 6a) [23]. Initial metacentric height
(GM)is defined as:

GM:@+'\7T KG @)

where KB, KG, It and V denote the height of the
buoyancy centre, gravity centre, and transverse mo-
ment of inertia about the waterline and the displaced
volume, respectively.

Fig. 6b shows a static stability curve for a floating
symmetric device, GM > 0. For considerable inclination
angles and complex geometries, the pressure surface
integrals obtained by numerical analysis can be used to
define the stability of the floating device. Considering
the PA as an axisymmetric device, point B is vertically
below G. The PA was designed to withstand the forces
of waves, currents, and winds. The mooring analysis
was not included in the present study, as the primary
focus was to investigate the influence of the damper
plate on the hydrodynamic performance. The PA in
the wave basin during the experiment is shown in the
fig. 7.

GZ [m]

@ [rad] \

(b) Static stability curve

Fig. 6: Stability of the floating body: (a) schematic of
the floating body, (b) static stability curve.






