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Abstract

Floating structures have been applied in many
fields such as housing, ports, wind turbines,...
Under the action of wave and wind loads, the
floating structure will have pitching motion. This
can cause danger to the structure or discomfort to
the user. Therefore, it is necessary to study suitable
devices to reduce pitching motion of floating
structures. This paper introduces the application of
eccentric mass device to suppress pitching motion
of a rectangular box structure. The equations of
motion of the floating structure-eccentric mass
system are established. The system is assumed to be
subject to harmonic excitation. The effectiveness of
the device is demonstrated through numerical
simulation results. The Pareto front with different
masses of the device has also been investigated.
Keywords: Pitching motion, passive control,
floating structures, eccentric masses, optimal
design.

Tém tit

Két cdu néi dwoc dp dung trong nhiéu linh vuec
nhw xdy dung ddin dung, cing bién, tuabin dién
gio,... Dudi tac dung cua cdc tdi trong song va
gib, két cdu néi sé bi dao déng xodn. Piéu nay cé
thé gdy ra nguy hiém cho céng trinh hodc cam
gidc kho chiu cho nguoi su dung. Chinh vi vay
viéc nghién cieu cdc thiét bi phit hop nham giam
dao déng xodn ciia két cdu néi la rdt can thiét. Bai
bdo nay giGi thiéu viéc dp dung thiét bi khoi hrong
léch tam nham giam dao dong xodn cho két cdu
néi cé dang hdp chiv nhdt. Phwong trinh chuyén
doéng ciia hé két cau noi — khoi heong léch tam
duoe thiét lgp. Hé khdo sat dwoc gid thiét chiu
kich dong diéu hoa. Hiéu qua cua thiét bi dwoc
chitng minh théng qua cac két qua mé phong so.
Tép Pareto véi cdc khoi wong khdc nhau ciia thiét
bi ciing da dwoc khao sat.

Tiwr khéa: Dao dong xodn, diéu khién bi dong, két
cau hé noi, khoi luong léch tam, thiét ke toi wu.

1. Introduction

In the field of civil engineering, floating structures
have been applied to build floating houses (also
known as boathouses). In Vietnam, this type of
construction has been applied in the Mekong Delta,
concentrated in Chau Doc, An Giang [1]. The
characteristics of floating houses are that they float
completely on the water, move up and down
according to the water level and are very suitable for
areas affected by floods (Fig. 1). In [2], the authors
proposed applying floating house and amphibious
urbanization in South-East Asian, contributing to
mitigate the damage caused by floods.

Figure 1. Sketch of a floating house that can move

up and down with changes in water level [3]

Floating structures are not only applied to floating
houses but also to other types of structures such as
floating ports, wind turbines,... As analyzed in [3],
floating house structures are only discussed in the
field of architecture. In Vietnam, the architecture of
floating houses has been mentioned in [4]. However,
scientific studies on floating houses are very few
when compared to very large floating structures
(subject to wave loads) [5-7] or floating wind turbines
(subject to both wave and wind loads) [8-10]. This can
be explained by the fact that floating houses,
especially low-rise houses, are not subject to large
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loads such as wind and waves, so that they have not
received due attention. However, the vibrations of
floating houses can cause discomfort to users.
Therefore, research on reducing vibrations for
floating houses is still very necessary [3].

To reduce torsional vibrations for general
structures, the tuned liquid column damper (TLCD) is
commonly studied [11-13]. In [14], TLCD is used to
reduce the vibrations of floating wind turbines in all
directions in the plane. In [3], TLCD is used to reduce
pitching motion for floating rectangular box structure,
specifically applied to floating houses.

TLCD has proven to be effective in reducing
vibrations, however, due to the large size of TLCD
and its placement on top the floating structure, it may
affect the working space of people as well as the
arrangement of equipment. In [15], the eccentric
masses are used to reduce vibrations for bridge decks
under wind loads. In this paper, the authors propose to
use this device placed inside the floating structure to
reduce pitching motion.

2. Analysis model and equations of motion

2.1. Analysis model
Ring-column . be be -]
system b, bjl
p— H G. —
O=
h
kAl wc
B

Figure 2. Model of the floating structure-eccentric

mass system at static equilibrium position

Consider a floating rectangular box structure with
length L, width B, height H and mass m; [3]. Inside the
floating structure, the eccentric masses are arranged
as shown in Fig. 2. This device consists of two masses
mc attached to a light rigid bar that can rotate around
joint I. The rigid bar is equipped with a spring of
stiffness & and a viscous damper of coefficient c, the
spring and viscous damper are distances b; and b;
from the rotation joint I, respectively in the horizontal
direction. The light bar is a distance 4 from the water
surface. At the equilibrium position, the floating
structure is submerged in water a distance d. The
center of buoyancy and the center of flotation are
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denoted by D and O, respectively, while the center of
mass of the floating structure is denoted by G.

‘We have:

m_ +2m
d=——-¢ €))
p,BL

where p, is the density of water.

Considering the floating structure using a ring-
column system to limit horizontal movement, so we
only focus on studying pitching motion [3]. The
structure oscillates around point O with a rotation
angle @ as shown in Fig. 3. The connecting bar of the
eccentric masses has a rotation angle ¢. It should be
noted that these two rotation angles are chosen as
absolute displacements. The center of buoyancy from
the initial position D will move to the new position D’
and the metacenter is denoted by M.

M |
*‘9!

Figure 3. Displacements in the vibration of the

system

During vibration of the system, assuming the
rotation angles are small, the spring k£ and the viscous
c are equivalent to the torsion spring k¢ and the torsion
viscous damper c¢c. We have:

k,=bk; c,=bc Q)

The optimal parameters will be calculated through

kc and cc.

2.2. Equations of motion

The kinetic energy of the system includes the ones
of the floating structure and the eccentric masses. The
kinetic energy of the floating structure is determined:

T = %1'509'2 3)

s
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with /;o being the moment of inertia of the floating
structure with respect to the center of flotation O and
determined:
I,=1 +m0G @)
I, is the moment of inertia of the floating structure
with respect to the center of mass G. Consider the
floating structure combined by six plates with three
different sizes BxL, HxL and BxH. The quantity /, can
be determined as follows [3]:

w2 (BY
2HLmg| —+| — +
12

I =
§ 2
H? + B2
+2BHmy | ————— |+
12 (@)
9 2
B H
2BLmg | — +| — /
12 2

[2 (HL + BH + BL)]

The velocity of the mass mc on the left:

v = W0 + 02" +2hb,, sin (¢ - 0)0p (6)
The velocity of the mass mc on the right:

v = W0 + 029" —2hb, sin (o - 0)6p (7)

The kinetic energy of the eccentric masses:

2 2
TC = Emcv1 + Emcv2 ®)

The kinetic energy of the system:
1 2 212 2 -2
T = 515019 +m,h’0" + m b @ Q)

The potential energy of the system includes the
gravitational potential energies of the floating
structure and the eccentric masses, the elastic
potential energy of the torsion spring and the
hydrostatic energy. The reference datum is chosen at
the water surface.

The potential energy of the floating structure:
IT, =m gOG cos 6 (10)
The potential energy of the mass mc on the left:

IT, =- Cg(hcos@+bc singo) (11)
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The potential energy of the mass mc on the right:

In =

2

-9 (—h cos 6 + b, sin (p) (12)

The potential energy of the torsion spring kc:
1 2
M =k (¢-0) (13)

The hydrostatic energy of the submerged part of
floating structure in case of small vibrations [3, 16]:

Hydrostatic

B*sin’@ dcos@ ) (14)
(ms + 2mc)g +

24d cos 6 2
The potential energy of the system:
IT=m _gOG cos @ —2m,gh cos 0

1 2
+§kc ((p—é’) + (15)
B’sin®’ @ dcos@
(m +2m0)g +
s ’ 24d cos 0 2

The corresponding dissipation function of the
viscous damper cc is determined:

1 ) \2
q>=§cc((p—¢9) (16)
The nonconservative forces:

Q,=M(t); Q =0 (17)

where M is the moment due to external forces acting
on the floating structure.

Substituting (4)-(17) into the Lagrange equation
system and pay attention to small vibrations (sinf= 6,
cosd= 1), we have the system of motion equations:

2 .
[130 + 2m 5 0 , He}
0 2meC [

o o 6
J{CC @ [|9 (18)
N (m5 +2m0)gOM+ k‘c, - mgg0G +2mcgh —kC‘|
—kq ke
| |M
[ 1o
in which [3]:
074:32/(12(1)—(1/2 (19)

where OM is the distance from the center of
flotation O to the metacenter M.
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Introduce new variables:
k, = msg(OTW—O_G); h = h+O_M (20)

Equation (18) then has the form:
I, + 2m0h2 0 0
0 2m. by, | |9

52|
_CC CC » (21)

k +2m,gh +k, -k, |[6

C

—k:c k Q

C

+

ad

It should be noted that [3]:

o, =k /I, (22)

where @ is the pitching vibration frequency of the
floating structure.

3. Design optimization

Assume that the moment has a harmonic form [3]:
M = Me™ (23)

Then the displacements of the system have the
form:

0= Geim;

0

Q= gooe’m (24)

Substituting (23), (24) into (21), we will find the
amplitudes @ and ¢y.

The absolute value of &) has the form:

2
)
o] =

A

(25)

in which:
a=|(r-@) (7 -0)- 10,60

2
26¢,Q° — y’k
fy} 22 - )50

2

ke O
2(y - 0)8, Q- 0
I'm, b,
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C

20, = —— —i
I, +2m,h B
o (K, +k. +2m.gh)
0o~ 2 K
I, + QTCh
I=1,+2mh" (27)
98 = 6_027
2m, b,
y = ke
2
2m by,

The dynamic magnification factor is evaluated
through the quantity [3, 17]:

DMF =6,/ (M, / k,) (28)
Set frequency ratio:

L=/ o (29)

Consider the frequency of the moment varying in
the range:

Qe [ﬂla)s; ,82(08] (30)

In the above frequency range, the DMF quantity
has a maximum value DMF ... Then the optimization
problem becomes finding the values of k¢ and cc that
satisfy the objective function [18, 19]:

(DMEF, )‘ﬁ — min (31)

4. Example

Considering a floating rectangular box structure
with parameters as shown in Table 1 [3].

Table 1. The parameters of the floating structure

Symbol Value Unit
B 2.31 m
H 2.59 m
L 5.95 m
ms 2150 kg
I 3936.8 kg/m?
DOw 1000 kg/m?
Mo 100 Nm

Choose f; =0.5; > = 1.5. Arrange the connecting
bar of eccentric masses at a position 30 cm from the
bottom of the floating structure. Thus, we have & = d
— 0.3 (m). The distance b¢ is chosen to be 1 m.

Set the mass ratio:
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u=2m, [/ m (32)

Take 1= 0.07 [3], we find the values of k¢ and cc
that satisfy the objective function (31). Using Matlab
software, we have the optimal values kcy =
735.38N/m, ccopr = 58.81Ns/m. The corresponding
dynamic response of the floating structure is
DMFx=8.47. The graph of the variation of DMF 4x
according to the frequency ratio with the values of
kcopr and ccop 18 shown in Fig. 4.

10

0.5 1 1.5
3
Figure 4. Dynamic response of the structure

according to frequency ratio (u=0.07)

Thus, the efficiency of the eccentric masses is
equivalent to that of the TLCD in [3] with
DMF,,,=8.405. However, as analyzed above, because
the TLCD device is arranged on top of the floating
structure, it will affect the operating space. Meanwhile,
the eccentric masses are arranged at the bottom of the
floating structure, so this problem will be overcome.

5. Pareto front

In this section, the Pareto front will be established,
the optimal DMF .. values will be investigated with
different mass ratios z. The values of y are considered
in the range [0.01 + 0.15]. The graph of the variation
of the optimal DMF .. with u is shown in Fig. 5.

2
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Figure 5. Variation of optimal DM F max with
respectto u

As seen in Fig. 5, the optimal DMF... values
varies in the range of 5.17 + 24.22 with the mass ratio
varying in the range of 1% + 15%. Based on this
Pareto front, design engineers can choose the mass of
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the damping device used appropriately.
6. Conclusion

The paper has proposed the solution to reduce
pitching motion for floating structures. The device
used is eccentric masses arranged on the bottom of the
floating structure. Some of the main contents
presented in the paper:

o Establishing the vibration equations of the
floating structure-eccentric mass system using the
Lagrange method.

e The parameters of the damping device are
optimized so that the vibration reduction efficiency is
maximum.

o The calculation example is referenced from the
reputable article. The numerical simulation results
show the effectiveness of the proposed device.

e The Pareto front has been investigated to
evaluate the optimal vibration reduction efficiency
with different masses of the damping device.

e The calculation results in the paper can be
applied to reduce pitching motion for floating
structures in general and floating houses in particular.

The next research direction of the paper is to apply
the proposed device to reduce vibrations for very large
floating structures or wind turbines that subject to
wave and wind forces.
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