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ABSTRACT: The magnitude of the roll motion of a floating structure depends on the roll damping acting on the body. In other words, the roll damping
of a floating structure must be accurately obtained in order to precisely evaluate the roll motion. Various methods are used to evaluate the roll damping
of a floating structure, such as the linear potential theory, computational fluid dynamics (CFD), and model tests. However, it is difficult to evaluate
the roll motion of a floating structure with appendages such as a bilge keel and riser slot due to the limitation of ignoring the viscous effects in the
linear potential theory. Among these methods, a model test based on a free decay test and harmonic excited roll motion (HERM) is known to be the
most reliable method to estimate the roll damping of the floating structures. In this study, model tests using free decay and HERM techniques were
performed in the Ocean Engineering Basin (OEB) of KRISO with various types of midship sections. The roll damping results were estimated based
on post-processing methods using both techniques, and the roll damping results were compared.
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Fig. 2 Models with various midship section for roll damping
model test

Fig. 3 Case 1 test model in OEB of KRISO

Table 1 Particulars of test models

Case 1 Case 2 Case 3 Case 4
Unit
Base Box Bilge  Bilge keel
Loa m 4.0 4.0 4.0 4.0
Beam m 1.0 1.0 1.0 1.0
Draft m 0.30 0.30 0.30 0.30
Displacement ton  1.1375  1.2000  1.1900 1.1900
V.CG m  0.263 0.225 0.233 0.233
GM m 0170 0.203 0.195 0.195
kxx m 0.35 0.35 0.35 0.35
Roll period s 1.80 1.80 1.80 1.87
Bilge radius m - - 0.0625 0.0625
Bilge keel m - - 0.0250
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Table 2 Specification of roll motion excitation device

Item Specification Unit
Motor/Driver Mitsubishi 800 W Servo
Controller Cruiser-Mini Motion Controller
Weight (Maximum) ~ 30.0 kg
Stoke +-400 from center mm
Weight of equipment 35.0 kg
Size 1320 x 300 x 220 mm
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Table 3 Model test matrix of free decay tests for Case 1

Initial roll angle (deg)

Test ID for free decay test
C1-FD-001 ~ 3.0
C1-FD-002 ~ 6.0
C1-FD-003 ~90
C1-FD-004 ~ 12.0
C1-FD-005 ~ 15.0

Table 4 Model test matrix of harmonic excited roll motion tests

for Case 1
Test ID Moving distance Period  Target roll angle

[m] [s] (deg)
C1-HR-001 0.008 1.81 ~ 3.0
C1-HR-002 0.020 1.81 ~ 6.0
C1-HR-003 0.030 1.81 ~9.0
C1-HR-004 0.040 1.81 ~ 12.0
C1-HR-005 0.042 1.81 ~ 15.0
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Fig. 5 Free decay time series with 5 different initial roll angle for
Case 1, hull type: base

Free Decay Test (Case 2, Hull Type: Box)

3.00 \ /i\ A
0.00 f\ /\ /a\ /‘\ /\ ~

-6.00 Vj/

Roll Angle (deg)

00 10 20 30 40 50 60 70 80 90 100 110 120
Time (s)

— —C2-FD-005
Initial Angle = 8.8deg.

--- C2-FD-003
Initial Angle = 5.1deg.

- - -C2-FD-004
Initial Angle = 7.deg.

——C2-FD-001
Initial Angle = 4.2deg.

+evees C2-FD-002
Initial Angle = 5.3deg.

Fig. 6 Free decay time series with 5 different initial roll angle for
Case 2, hull type: box
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Free Decay Test (Case 3, Hull Type: Bilge)
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Fig. 7 Free decay time series with 5 different initial roll angle for
Case 3, hull type: bilge

Free Decay Test (Case 4, Hull Type: Bilge Keel)
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Fig. 8 Free decay time series with 5 different initial roll angle for
Case 4, hull type: bilge keel
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Table 5 Comparison of roll period between target value and measured
value of free decay test

Roll period [s]

Measured

Case No.  Hull type

Target Error [%]
Case 1 Base 1.80 1.81 0.6%
Case 2 Box 1.80 1.81 0.6%
Case 3 Bilge 1.80 1.80 0.0%
Case 4 Bilge keel - 1.87 -
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Relative Damping Comparison (Case 4)
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Fig. 17 Comparison results of relative roll damping between free
decay and HERM test
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