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Frequency-Domain Analysis for Prediction of Seasickness

on Ships

Segundo Esteban,' Jose M. Giron-Sierra,’ Joaquin Recas,’ and Jesus M. De la Cruz’

Oscillatory vertical motions of ships cause seasickness. There is a mathematical model that can be used
to compute the percent of passengers who will get sick caused by vertical motions. However, the appli-
cation of the mathematical model requires obtaining 2 hours of records of experimental or simulated ship
motion data. Based on a filters analogy, this article proposes a new frequency-domain method for the
calculation of seasickness incidence. The method can be applied to any sea power spectrum and any ship.
Because it is based on response amplitude operators or transfer functions, which can be obtained with
seakeeping simulation programs, the method can be applied even before the ship is built. The results of
the method can be useful for ship design and for the analysis of best operation for passenger comfort.

Introduction

SEASICKNESS caused by ship motions has negative conse-
quences on passenger comfort and crew performances. A
main objective of our research in recent years has been to
avoid seasickness by using moving actuators, such flaps and
T-foil, in fast ships (Esteban et al 2001, 2002, Giron-Sierra et
al 2001, 2002). It turns out that control action must focus on
certain motion frequencies. In addition, it was found that the
characteristics of the hull have a clear influence on the sea-
sickness incidence. This fact motivates an investigation with
the following objective: to relate frequency domain data of
ship motions with seasickness incidence. Specifically, we
want to establish a procedure to predict seasickness inci-
dence from the hull design, even before the ship is built.

In a previous article, Esteban et al (2004) described a pro-
cedure to obtain frequency-domain models of ship motions,
using data provided by seakeeping simulation programs.
That is, from hull design we can obtain approximate descrip-
tions of the ship motions in the form of transfer functions.
Transfer functions are useful for control analysis. This paper
will show that they are also useful for predicting seasickness
incidence. In general, our work is oriented to the use of
MATLAB and SIMULINK for simulation and control com-
puter-based studies. That is why transfer functions are pre-
ferred. However, the procedure described in this article can
be applied directly using the response amplitude operators
(RAOs) of ship motions.

In our research, the Motions Sickness Incidence (MSI) In-
dex (the percent of passengers who become sick) and the
mathematical model proposed by O’Hanlon and McCauley
(1974) was selected for our study. The application of this
model requires obtaining, from experiments or simulations,
records of ship motions under several sea conditions and ship
speeds. The model considers 2-hour journeys, and so each
data record should correspond to 2 hours of ship motions. It
is a cumbersome procedure. Using the method proposed in
this article, that procedure can be replaced by a frequency-
domain analysis using a ship’s transfer functions or RAOs.
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The paper is organized as follows: First, the general ap-
proach is introduced, in terms of a filter analogy and a block
diagram. The diagram includes a main chain of three blocks:
waves, ship motions, and seasickness incidence. The article
will study the three blocks, focusing on the pertinent aspects
for a frequency-domain approach. Then, the complete dia-
gram is considered, and seasickness prediction for several
sea states and ship motions will be obtained, taking as an
example the fast ship studied by our seasickness alleviation
research.

General approach

Lloyd (1998) and Lewis (1989) comment that an analogy of
signals and filters can be useful for getting an idea of the
seakeeping qualities of a ship. Consider, for instance, the
case of a sound within a particular frequency band Aw, and
the human ear, which is capable of hearing within a fre-
quency band Aw,. Figure 1 shows three alternatives: the
sound is heard completely, partially, or not heard.

This is also the case of waves, encountered within a certain
frequency band, and ship vertical motions. A typical RAO of
pitch motion can be seen as the frequency response of a band-
pass filter with a resonance peak at a frequency w,. Waves
encountered with a frequency w, will cause noticeable pitch
motions. In terms of filters, we could speak of the frequency
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as follows: The amplitude of the vertical acceleration, Ay,,,
can be obtained by applying the wave amplitude (4) to the
ship filter VA, (8). Equation (9) shows this:

AVA(mE) = IVATF(me)l - g(mﬁ,). (9)

Supposing sinusoidal waves and sinusoidal vertical accel-
erations, the |a,| term in equation (6) of the MSI filter can
be computed from A,,, as described in equation (10):
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Figure 9 shows {(w,), VA, z, |a.|, and the scaled output of
the sickness filter, MSI/10. This output is the contribution of
each frequency to the sickness accumulated by passengers.
The horizontal axis is the frequency of encounter with waves.
Figure 9 shows the results for 20, 30, and 40 knots with head
seas.

Finally, by integration of the contribution of each fre-
quency to the MSI weighted by the PDWF, we obtain a nu-
merical value, the MSI Index, which is the percent of pas-
sengers who become sick after 2 hours of sailing. Figure 10
shows the results for SSN4, SSN5, and SSN6, and ship
speeds of 20, 30, and 40 knots with head seas. The figure is a
frequency-domain representation showing that the MSI In-
dex can be obtained by computing the shaded area (an inte-

oral).

la.| = (10)

/2

Conclusions

In this article a new frequency-domain method has been
proposed for the calculation of the MSI Index. The method is
based on a filters analogy and can be applied for any sea
power spectrum, any ship, and any place. The ship is consid-
ered using transfer functions or RAOs of vertical motions.
This information about the ship seakeeping behavior can be
obtained from simulation programs even before the ship is
built.

Other sickness indexes may also be used, for example, the
Motion Sickness Dose Value (MSDV), which is a function of
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the root mean square acceleration. A formulation of this in-
dex may be found in British Standard 6841:1987.

The results obtained are also interesting for studying the
best operational conditions for a particular ship. For in-
stance, Fig. 11 shows that for SSN5, 30 knots causes more
seasickness than 40 knots.
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