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ABSTRACT

Motion sickness incidence index (MSI)
is one of essential issues in ship motion
research to access the comfort of passenger
on board cruises and yachts. In the paper,
wave energy spectrum and MSI will be

analyzed. Evaluation will not only provide an
initial feedback of passenger’'s comfort in
ship design stage but also estimate the
suitable speed to steer the cruise
comfortably.
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1. INTRODUCTION

Nowadays, many prominent yacht builders
research and apply the anti-rolling devices such
as Beneteau, Azimut and Ferretti [1]. The cost of
anti-rolling device installment contributes 10%
of the cost of the luxury yacht like Azimut
Flybridge 50 ft [2]. Recently, ship motion has
been an essential topic in yacht design [3].

To comprehend the advantages of ship
motion research, one of well-known luxury
yachts, Azimut Flybridge 54 in figure 1, the roll
motion is reduced up to 80% after installing anti-
rolling device. Hence, the comfort of passengers
and yacht owners plays the essential role in order
to increase awareness of competition.

Figure 1. Anti-rolling device installed on Azimut Flybridge 53 reduces rolling motion up to 80% [4]
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Figure 2. The proposed process of the comfort assessment

Our research focuses on a comfort of motion
sickness incidence (MSI) of small passenger
boats and yachts by following 1SO 2631/3-1985.
In addition, the well-known wave spectrum
including  Bretschneider ~ spectrum  and
JONSWAP spectrum are applied to calculate the
characteristics of the motion response spectrum.
The analysis process of motion sickness
incidence (MSI) calculation will be described
briefly in the figure 2.

2. The process of the comfort assessment

First step, after collecting the characteristic
of the wave including the observed circular
frequency, the average period and the significant
wave height, the wave energy spectrum is
performed. Then, the characteristic of the ship
operation condition including the ship course
direction and velocity of ship are imported to
calculate and to plot the encounter wave energy
spectrum.

Next step, one computes response amplitude
operators (RAQO) by using the uncouple roll
motion model and the characteristics of vessel,
especially transverse metacentric height and roll
gyradius. After that, the motion response
spectrum will be estimated based on RAO.

Final step, motion sickness incidence index
is computed according to 1SO 2631/3-1985 to
evaluate the comfort of passengers on board.

2.1. The encounter wave energy spectrum

Two models of wave energy spectrum such
as Bretschneider spectrum and JONWAPS (Joint
North Sea Wave Project) spectrum are used.

Bretschneider spectrum use two parameters
that are the characteristic wave height H [m] and
the average period T [s]. Bretschneider wave
spectrum is suitable for open sea areas with long
crest [1]. Bretschneider wave spectrum Sg(w)
[m2.s] is described as follows:
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S¢(w) = 17275 T 05 exp(— 2L w™) (1)

The JONSWAP spectrum with the
peakedness factor y = 3.3 in the paper will be
described as follows [2] [1]:

S]ONSWAP((U) _

H? 691 _,
=0.658-172.75 71 w™>exp (_F W )
- C(w) 2

where

_1 @ iy
C((J)) — yeXP( 202 (wo 1)
rad
w: the circular wave frequency [T
o: the step function

0 =007 for w < w,
0 =0.09 for w > w,
Circular frequency at spectral peak
4849
W — ?

JONSWAP spectrum comprises
Brestchneider spectrum. Figure 3 shows the
difference between JONSWAP and
Bretschneider spectrum, the statistic data in
Aegean Sea are calculated as a case study [3].

The encounter wave energy spectrum

When yacht moves on wave, the angle
between yacht direction and wave travel is named
encountering angle p (Figure 4).

Encountered Wave Spectrum H=1.88m, T=6.25
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Figure 3. The encounter wave energy spectrum were plotted based on Bretschneider and JONSWAP model
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Figure 4. The encountering angle p [1]

The encounter frequency describes as
follows [4]:

oV
W, = w(l—?cosy) 3)

where:

V: ship speed, [m/s];

g: gravity acceleration, [m/s2];
w: Wave frequency, [rad/s];

p:The encountering angle [deg], beam wave
condition at p=90 deg, a heading wave condition
at n=180 deg.

Using the wave energy spectrum S(w) and
the encounter frequency to calculate the
encounter wave energy spectrum S(w,) [4]:

S(w)
S(we) = —5or— )

1-——cos
|17 cosu

2.2. Uncoupled roll motion model

The standard model of uncoupled roll
motion in regular wave is the second order
differential equation: [2]

(I + Ay )iy + Bygn + Cyum
= F,(cosw,t
+isinw,t) (5)

where:

14: Mass inertia of roll motion, I, = k2, Vp,
[kg.m2] ;

k. : Gyradius of yacht about the x-axis
through the center of gravity CG, [m];

V: Displacement volume of yacht, [m3];

p: Density of sea water, 1025 kg/m3;

A44: Added inertia coefficient of roll
motion,A,, = 0.3l,, [5];

C44: Hydrostastic restoring coefficient of
roll motion, C,, =GM,-V-p-g;

GM,: Transverse metacenter height, [m].

Response amplitude operator (RAQ) in the
roll motion describes as the below equation:

1

RAO, oy =
N JA Ry + AR

6

where:
Tuning factor:

we
A=—
wWo
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Natural frequency of uncoupled roll motion
wy[rad/s]:

_ Csa

Wy = |————
Iy + Ay

2.3. Ship motion response and the criteria of
the comfort of passengers

Ship motion is strongly effected by the
encounter wave energy from wave travel and
excitation forces through RAO [4]. The below
equation describes the ship motion response of
roll motion [2]:

Szron(We) = RAOrzouS((we) (7)

The root mean square (RMS) of the 2nd
order spectral moment of roll motion response
spectrum m; is the root mean square acceleration
Vorms [MVs°9], [2]:

Vsrms = VIMy =
max(we)
\/fmin(w; g * Syron (@) - dw, (8)

The root mean square (RMS) of the 4th
order spectral moment of roll motion response
spectrum my is the root mean square acceleration
a,rms [M/s1.5]: [2]

Azrms = My
max(we)
= \/f wg ' SzRoll(we) “dw, ©)]

min(we)

In 1974, O’Hanlon and McCauley
represented firstly the concept “Motion sickness
incidence” [6]. Obeying 1SO 2631/3-1985, MSI
value has to be smaller than 10% in 2 hours
exposure time [7]. According to Lloyd (1998)

MSI after 2 hours exposure described as below
expression [5]:

0010 g Hpmsi
04] = .
MSI [%] = 100 & 04
< 10% (10)

where:
§3: the heave acceleration, §3 =
0.798y/m, [m/s2];

®(x) :the standard normal cumulative
distribution function with zero mean and unity
standard deviation.

O’Hanlon and McCauley (1974) suggested
the factor uyg; based on the encounter frequency
fe as the below expression [8]:

Hymst
= 0.654 + 3.697 log,, f.

+ 2.32(log 4, f2)? (11)
3. Case study

The specification of the model of vessel and
ship operation conditions in case study describes
as follows (Figure 6):

- Waterline length LWL = 6.9 m;

- Maximum beam B = 2.1 m;
-DraftT=0.4 m;

- Displacement volume V = 2.545 m?;

-Transverse
GMt = 1.453 m;

- Gyradius of roll motion Kk = 0.923 m;

metacenter height

- Damping factor of 0.05 is suggested by
Lewis (1989) [9]

- Beam wave condition, u = 90 deg
- Operation speed V = 10 knot
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Figure 7. Ship motion response is calculated at Sea State 4 in Aegean Sea
(the characteristics wave height 1.88 m and the average period 6.25 s) [3]
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Figure 8. Result of MSI [%] in case study
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Figure 7 indicates that ship motion response
based on JONSWAP model is narrower and
higher than Bretschneider model. Moreover, roll
motion response of JONSWAP model decreases
faster than roll motion response of Bretschneider
model.

In 2014, the research of EU-7FP project
FAROS conducted by Finland and UK suggests
using the criteria of 1SO 2631/3-1985 of 10% to
assess the comfort of passengers in exposure time
up to 2 hours [7]. In case, MSI exceeds 10%, ship
owner should recognize the solution of anti-
rolling device instaliment.

After calculating MSI of case study, results
in figure 8 represents the comfort of passenger do
not exceed the criteria of 1SO 2631/3-1985 of
10% in two cases using Lloyd’s expression
(1998) or using O’Hanlon. In addition, it is said
that under 10% of passengers on board does not
suffer any vomit and seasickness.

6. CONCLUSIONS

In the paper, we offer the progess of
assessment of the comfort based on JONSWAP
and Bretschneider models. After calculating
MSI, ship designer or yacht owner can decide to
alter the weight distribution including ballast
tank, sewage tank and fuel tank in initial stage or
consider anti-rolling device installment. Besides
that, captain can consider the suitable velocity to
make passengers on board feel comfortable.

On the other hand, the research also supports
undergraduate students to comprehend difficult
subjects including wave energy spectrum |,
response amplitude operation, and MSI in ship
motion.
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Nghién ctru chi s gay say song MSI
trong chuyén déng tau

e Nguyén Anh Tuén?
o L& TAtHién?

1 Phong thi nghiém trong diém quéc gia vé kiém soat ky thuat sé va Ky thuat Hé théng
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TOM TAT

Chi sé gay say séng MSI la mét trong
nhing van dé quan trong duoc nghién ciu
trong chuyén dong tau dé danh gié sw thodi
mai cua hanh khach trén tau va trén du
thuyén. Trong bai béo nay, churong trinh tinh
toan MSI sé duoc xay dung duwa trén cac phd

nang Ilwong séng da dwoc cbng nhan.
Nghién ctru khoéng ch/ gitp nha thiét ké tau
danh gi& ban dau vé si thodi mai cda hanh
khéach trong giai doan thiét ké , ma con gilp
wéce luong tée dé phi hop dé diéu khién tau
han ché say song cho hanh khéch.

Terkhoa: MSI, say séng, tau khach, phé ndng luong séng
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