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High Speed Marine Vehicles: Sea Keeping Tests

1 PURPOSE OF PROCEDURE

Sea keeping tests are conducted on HSMV
models to estimate the motions, accelerations
and loads that full-scale craft will experience.
At high speeds, many of these vehicles are
supported by dynamic lift and many are ex-
posed to extremely dynamic forces. These is-
sues present new challenges for making sea
keeping measurements in the towing tank and
new test procedures are constantly being de-
veloped to address them. Especially for HSMV
like hybrids.

The weights of these hybrid ships are sus-
tained by the combination of the lift force by
displacement, hydrofoil and air-cushion. The
interaction of these sustain forces should be
considered and predicted more precisely. In
this sense, similarity between model and real
ship of air-cushion, flexible skirts, hydrofoils
and appendages will be the important part in
case of hybrid type HSMV.

The main aim of these guidelines is to clar-
ify the similarity relationship between model
and real ship including hybrid type, and pro-
vide the useful information at primary design
stage.

2 TEST TECHNIQUES AND PROCE-
DURES

2.1 General

The ITTC recommended procedures pecu-
liar to high-speed craft are given as separate
procedures for each test type. The procedures
are:

[] Resistance (Procedure 7.5-02-05-01)
Tl Propulsion (Procedure 7.5-02-05-02)

'] Sea Keeping (Procedure 7.5-02-05-04)
'] Manoeuvring (Procedure 7.5-02-05-05)
'] Structural Loads

(Procedure 7.5-02-05-06)
"1 Dynamic Instability

(Procedure 7.5-05-02-07)

Issues of importance for different types of
high speed craft are covered in separate sec-
tions in each procedure when needed.

2.2 Sea Keeping Tests

2.2.1 Sea Keeping Investigations

Sea keeping aspects of HSMVs are of par-
ticular interest since the accelerations are in
general high. High accelerations limit the oper-
ability from the point of view of passengers
and/or the crew and often also for the cargo.
Due to high speed, the wave encounter fre-
quency can be very high and, depending on the
construction and the size of the vessel, can be
close to the first mode structural natural fre-
quency. This aspect can have a large effect on
the loads and the fatigue life of the construc-
tion.

One of the main differences between the
sea keeping behaviour of HSMVs and conven-
tional ships is the non-linear relationship be-
tween the local wave elevation and the motions
and accelerations of the craft. Also, time histo-
ries of motions and accelerations usually have
complex characteristics such as sharp peaks or
flat troughs that make them unsuitable for lin-
ear analysis methods. The degree of non linear-
ity increases with the speed of the craft. Since
semi-planing mono-hulls operate at lower
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speeds, they typically have less complex re-
sponses.

When Froude numbers based on length ex-
ceed approximately 1.0, the degree of non line-
arity is considered significant and procedures
involving linear superposition are no longer
considered acceptable for analysis of the meas-
urements (Bulgarelli et al., 1999). While re-
sponse amplitude operators (RAQO’s) obtained
from model tests in regular waves may provide
interesting information on the response of the
hull to different exciting frequencies, regular
wave tests are not recommended for predicting
the response of a planing hull in random
waves. Suggested guidelines for conducting
tests in random waves and analysing the meas-
ured data are presented in this procedure.

2.2.2 Model Selection and Construction

There is no minimum requirement for the
model size used for sea keeping tests based on
Reynolds numbers as there is for resistance
tests. It is generally accepted that viscous ef-
fects play a minor role for sea keeping studies,
although such effects do play an important role
for roll damping and forces on stabilising fins
or rudders.

The actual dimensions of the model are
usually governed by the constraints of the ex-
perimental facility. The maximum speed of the
towing carriage and the wave maker capabili-
ties are driving factors for a small model, the
required displacement to carry the construc-
tional weight, measurement equipment and
propulsion unit(s) give a lower limit.

When small models are built without care-
ful attention to weight distribution, the inertia

of model may be too high to simulate the iner-
tia of the prototype. Therefore model construc-
tion should be light and stiff. Wood is still a
good material for models, plywood being the
preferred choice for hard chine models, a
model built from strips on frames for round
bilge hull forms. Good experience is also ob-
tained with foam with a layer of fibre (glass or
carbon) to bring the structural stiffness up to
the required level. This is especially necessary
for long slender models.

Hull stiffness is an important characteristic
of the model if the intent is to measure “rigid
body accelerations”. Tradeoffs must be made
between reducing model weight and increasing
model stiffness. For solid wood models, a hull
thickness of approximately 0.008xLpp 1is

typical. Hull thickness for resin/fibre compos-
ite models varies considerably depending on
fibre characteristics, fibre orientation and in-
ternal hull structure. If accelerometers are in-
stalled in the model, the natural frequency of
the hull/accelerometer foundation can be inves-
tigated by tapping the hull in that area and re-
cording the response of the accelerometer. The
results of these natural frequency checks
should be presented with the test data.

2.2.2.1 Special Topics Related to Air Cushion
Supported Vehicles

Fans Systems for Air Cushion Supported Vehi-
cles:

Because air cushion supported vehicles are
in general very light, it can be a problem to
install fans on a model of such a vehicle. In-
stead fans can be installed on the carriage lead-
ing the pressurised air through hoses to the
model. Such a set-up has been used at MARIN
to measure the wave forces on a captive model
of a SES. Using such a set-up, hysteresis loops
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were measured in the pressure flow relation
just in the hoses in between the fans and the
model. These loops showed large differences in
the pressure flow relation if compared to static
measurements. The effect is illustrated in Fig-
ure 1.

This effect can be explained by considering
the air in the hose as a mass — spring system
(Masset et al., 1995). The illustrated phenome-
non has an effect on the pressure oscillations in
the cushion and hence on the lift force which is
due to the model set-up and not to the dynam-
ics of the scaled prototype. It is recommended
to avoid such a set-up whenever possible. In-
stead it is recommended to install the fans di-
rectly on the model and to avoid these dynamic
effects.

——— Dynamic curve

—a— Static fan curve

Pressure at fan oulet [kPa]
5

-1000 -500 0 500 1000 1500
Air flow [m3/s]

Fig. 1 — Differences in the pressure flow rela-
tion if compared to static measurements ex-
perienced at MARIN on a captive model of a
SES.

Dynamic Calibration of Air Cushions:

It is imperative to use Froude scaling for
the over-pressure in the air cushion of an air
cushion supported vehicle. Due to the fact that
normally the ambient pressure is not scaled, the
absolute value of the pressure in the cushion of

the model is far too high. This means that the
dynamics of the air cushion are incorrectly
modelled with a far too high resonance fre-
quency of the air cushion (Moulijn, 1998).
Problems associated with this phenomenon are
only apparent for higher scale ratio models.

Results of oscillation tests in the MARIN
depressurised towing tank (Kapsenberg, 1994)
showed the effect of changing the ambient
pressure on the heave added mass and damping
coefficients of a model of an SES.

For models of larger sized full scale ves-
sels, which are model tested in a sea keeping
basin at normal ambient pressure, it is recom-
mended to use a diaphragm for the dynamic
calibration of the air cushion. This diaphragm
reduces the pressure gradient as a function of
the volume variations, dp/dV , to the required

value. This technique was independently de-
veloped in France by Ifremer and in the Neth-
erlands by MARIN.

The diaphragm is a rubber membrane cov-
ering a part of the cushion volume. The mem-
brane is thin so that inertia effects can be ig-
nored. The size and the stretching characteris-
tics of the membrane must be calibrated de-
pending on the full scale dimensions and the
model scale ratio adopted. If this technique is
applied, good results of tests at different scale
ratio’s were reported (Kapsenberg & Blume,
1995), so it can be expected that also good pre-
dictions for the full size vessel can be made.

For vessels less than about 50 m it is ac-
ceptable to test the model without a diaphragm
as long as it is kept in mind that the passenger
comfort at high speed and very low sea states
will be over-estimated by the model tests.
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2.2.3 Ride Control Systems

Ride Control Systems can be very impor-
tant for high speed vessels to improve the sea
keeping characteristics. It is important to in-
clude such systems in the model for tests in
waves. If the control system is active, the re-
quirements for the actuators are high, espe-
cially for the phase lag at higher frequencies.

If the control system consists of fins, turbu-
lence stimulation should be applied. The actual
fin angle should always be measured to have a
check on the accuracy of the actuator system,
and the lift force on the fin gives an idea of the
effective angle of incidence which is relevant
for cavitation limits imposed on the full size
vessel.

2.2.4 Towing the Model

The location of the towing point should be
considered in the design of the model.

Tests in head seas can be carried out with a
towed model and restraining the model com-
pletely in the lateral motions. The model can
also be restrained in surge or towed with a
spring system. If the latter is the case, care
should be taken to avoid a resonance frequency
which is close to the wave encounter fre-
quency, a spring should be selected which re-
sults in a resonance frequency at least a factor
2 lower than the lowest wave encounter fre-
quency. If a spring system is used, the reso-
nance frequency should be mentioned in the
test report. It is realistic to have the tow point
on the line of the propeller axis rather than at
the centre of gravity.

For tests in following seas it is considered
important to allow large surge motions of the
model. This freedom is usually essential to
determine correctly if a model is prone to nose
diving or shipping green water over the bow or
not. It will be difficult to model this correctly
using a spring system, an alternative might be
using a constant tension winch. A good solu-
tion is to have a self-propelled model for tests
in following seas. This method also models the
varying propulsive force due to the wave or-
bital velocity. Because of the low encounter
frequencies, this phenomenon will also con-
tribute to the surge motion. This set-up can still
be realised while restraining the model in the
lateral direction.

It is recommended to use a fully self-
propelled model for sea keeping tests in quar-
tering seas. A set-up with a towed model needs
a system to keep the model on course; such a
system needs to be rather stiff to compensate
for the hydrodynamic mean loads at high speed
and will therefore have an unacceptable influ-
ence on the ship motions.

2.2.4.1 Special Topics
Mono-hulls

Related to Planing

Planing mono-hulls are most often towed at
the intersection of the longitudinal centre of
gravity and the propulsor thrust line. The pro-
pulsive thrust of the prototype is typically
simulated using an inclined towing link or tow-
ing wire, or by using a combination of pure
horizontal force (supplied by a vertical tow
post riding in low-friction bearings) plus a pure
vertical force (unloading weight). In hulls
where the thrust line is very low, for instance
out drive powered boats, it is impossible to tow



s ITTC — Recommended [
Procedures Page 6 of 13

1][@

INTERNATIONAL
TOWING TANK
CONFERENCE

Testing and Extrapolation Methods
High Speed Marine Vehicles
Sea Keeping Tests

Effective Date | Revision
1999 00

the model from a low enough point. In these
cases, the tow point is installed as low as pos-
sible and ballast weights are shifted to compen-
sate for the bow-down moment imposed by the
high tow point. The effects of pitching mo-
ments created by appendages and propeller
forces should be estimated and accounted for
separately. It is standard practice to tow models
in waves with a non-varying towing thrust an-
gle.

Planing boat models usually require sealed
decks to keep water out. In many cases, models
are built with simplified superstructures to
evaluate spray and solid water impacts. Details
of the superstructure should be included in the
test report to allow corrections between the air
drag of the model and of the full scale proto-

type.

2.2.5 Course Control

Using a completely free running model re-
quires a control system to keep the model on
course. At full scale as well as in the towing
tank, high speed vessels can experience prob-
lems in keeping a steady course. This is espe-
cially true for waterjet propelled vessels, since
they normally do not have a skeg.

The roll motion induced by the rudder or
water jet nozzle is a point of concern. This ef-
fect can be considerable and is controlled by
the control law of the autopilot. Preferably fil-
tering should be used to avoid rudder/nozzle
oscillations in the wave encounter frequency.

A check should always be made on the de-
livered torque by the steering gear in a bollard
pull condition at maximum RPM to prevent
problems with an insufficient sized actuator.

However, this is by no means sufficient to en-
sure a fully controlled model.

2.2.6 Typical Model Tests

Sea keeping model tests are typically con-
ducted in head or following seas with the
model restrained in surge, sway, roll and yaw
and free in pitch and heave. Fridsma (1971), in
testing planing hulls, showed that in head seas,
with F,, >1, constant speed tests produced

essentially the same motions and added resis-
tance as tests with the model free to surge, with
constant thrust. As noted earlier, it is standard
practice to tow models in waves with a non-
varying towing thrust angle.

Usually, at the lower speeds of displace-
ment and semi-planing boats, tests can be con-
ducted in a towing tank and measurements are
usually transferred to a towing carriage that is
driven in close proximity to the model and
connected by a wiring harness. For most higher
speed planing boat models, free running tests
must be conducted in the open water of ponds
or lakes because of the distance covered at high
speed. Measurement signals are typically sent
to shore via radio telemetry for recording. The
accelerations of high speed planing mono-hulls

typically make onboard digital storage impos-
sible.

Free running models are also used for sea
keeping measurements. For instance, free run-
ning models of HSMVs with fully submerged
hydrofoils might be tested. When doing sea
keeping and also manoeuvring tests with a free
model, it is considered necessary to test the
model complete with foil system and actively
controlled flaps (if fitted to the full scale ves-
sel). The scale effect on lift is considered less
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critical for sea keeping, since take-off condi-
tion is usually not tested in sea keeping. The
scale effect on lift can be compensated by the
flaps or by ballast. When testing a towed
model, it is not necessary to correct for scale
effect on drag. The scale effect on drag has
importance for the forces from the propulsors.
If the model is run self-propelled and no cor-
rection is made, the propeller forces will be
over-estimated. The best solution is to apply a
constant tow rope force at the correct vertical
position (note that using a weight will intro-
duce an inertia that is not wanted). If it is im-
possible to apply a correction force at the cor-
rect vertical position, it is often the best solu-
tion to accept the over-estimated propulsor
thrust.

It was found that, for irregular wave testing,
38 percent of the facilities use less than 100
wave encounters as a standard minimum for
basing statistical representations of test data. 62
percent of the facilities use more than 100 en-
counters. The survey of 22™ ITTC High Speed
Marine V3ehicles Committee had wide varia-
tions, with a mean of 78 encounters. Based on
a review of the data, a minimum of 100 wave
encounters is recommended for testing in head
seas. The modal frequency of the encountered
wave spectrum should be used to estimate the
total run time required. Pierce (1992) proposed
a method for relating run length to statistical
error. Although the method is based on linear
analysis methods, it should provide a rough
approximation of the uncertainty of the data set
based on the total run time used to obtain 100
wave encounters.

At the high speeds of planing craft, the tank
length of many facilities limits the steady speed
run time to only a few seconds. Therefore

many runs may be required to obtain 100 wave
encounters. For obtaining statistics such as
mean, standard deviation and probability levels
it is standard practice to splice the measure-
ment time records together and analyse the
combined set of data.

Occasionally model testing clients are in-
terested in evaluating the relative sea keeping
behaviour of a new hull with an existing hull
(Schleicher, 1997). In this case it may be ad-
vantageous to run comparative tests with the
two models side-by-side. This ensures that both
models experience identical irregular waves,
and if the data are used for comparative pur-
poses rather than absolute predictions, reduces
the effects of analysing non-linear responses
using conventional statistics. Until studies of
interference effects between the hulls are per-
formed, the maximum model size should be
limited to one half the size considered accept-
able for a standard sea keeping test.

An alternative method of evaluating the
motions of a hull in a seaway is to subject the
model to forced oscillations and to conduct free
decay tests. The hydrodynamic coefficients
obtained from these experiments can be used in
numerical modelling simulations to predict the
response of the hull to wave exciting forces. In
these tests the model is fixed in six degrees of
freedom and up to three moments may be
measured. As for all tests in which the model is
restrained in heave, the level of the water sur-
face should be monitored when the model is
underway to measure any change in water level
caused by the aerodynamic pressure of the tow-
ing carriage (see Murakami, 1981 and 17"
ITTC HSMV Report).
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2.2.7 Quantities Measured During Tests

Wave height (fixed or encountered).
Speed.

Resistance.

Trim.

Heave — Heave is typically measured at the
longitudinal position of the centre of grav-

1ty.

Accelerations — It is standard procedure to
measure accelerations in the vertical body
axis at several locations. In order to make it
possible to compare data from different fa-
cilities, three standard locations are pro-
posed:

1. Bow — 10 percent of L,, aft of
forward perpendicular;

2. CG — position should be
changed for each condition tested;

3. Stern — 10 percent of L,, for-
ward of aft perpendicular.

Pressures — Pressures have been measured
at virtually any location; there is no guid-
ance on location at this time.

Relative bow motions — These measure-
ments are difficult to make on HSMVs,
specially on planing hulls because of the
large change in attitude of the model at
high speeds.

Wetted Surface — Records are typically
kept of the bottom surface wetted by solid
water. In some cases, the area wetted by
spray is also measured and recorded.

2.2.8 Instrumentation Used in Wave Tests

Wave height — Measurements of the en-
countered wave are more desirable than
measurements of the stationary wave. How-
ever it is considerably more difficult to
measure encountered wave elevation at
high speeds. Surface piercing wave probes
are generally unreliable because of water
run-up on the forward side of the probe and
ventilation of the back side of the probe.
Good success has been reported in measur-
ing encounter wave using electro-
mechanical servo probes. Acoustic probes
have also been used successfully when the
test data have been post-processed using
computer based methods for fairing curves
through “dropout” points in the time re-
cords, although frequency response prob-
lems have been noted by some investigators
(Hirayama et al.,, 1988). MARIN uses a
servo controlled wave gauge consisting of a
needle which follows the wave surface. The
Figure.2 gives results of a series of experi-
ments in a regular wave (wave frequency =
4.45 rad/s, wave amplitude = 23 mm) with
increasing speed of the carriage. The meas-
ured amplitude by the classical wave gauge
is compared to the value measured by the
wave servo. The figure shows that the dif-
ferences are less than 3.5% for this speed
range and that the error does not uniformly
increase with speed. Apparently run-up ef-
fects and ventilation compensate at higher
speed.

Speed — Speed measurement is typically
made using the same equipment used for
resistance tests.
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Added resistance/thrust in waves — For
added resistance measurements, instrumen-
tation is needed with approximately twice
the capacity used in calm water resistance
tests. The frequency response of the system
should be considered if statistics other than
average added resistance are to be evalu-
ated. Preference is given to using self-
propelled models in waves rather than
towed models. This means that added resis-
tance measurements are impossible and that
the thrust must be measured instead. For
propellers the thrust can be measured in the
axis on the outside of the aftermost bearing,
for waterjets the thrust can be determined
from measuring the pressure in the nozzle.
It is recommended to measure the torque in
the shaft just before the waterjet to detect
air ingestion. The torque cannot be used to
estimate the required power.

amplitude servo/probe

1.04
1.03 A
1.02 -
1.01
/ e
1.00 4
0.99 | T T
0 2 4 6 8
carriage speed [m/s]

Fig.2 — Results of a series of experiments car-
ried out at MARIN with a servo controlled
wave gauge.

e Motions measurements — Measurement of

motions is important and should in general
be non-intrusive. Instrumentation used in
resistance tests is often unsuitable for sea
keeping because of the dynamic nature of

measurements (fast turnaround and large
excursions). For instance, weighted string
pulley systems for measuring rise and fall
at bow and stern can not be used because
model accelerations often exceed 1g. How-
ever, if tests in head or following seas are
carried out and the model is restrained in
the lateral motions, a reliable measurement
is obtained by having a wire-over-
potentiometer measurement of the vertical
motion at the bow and stern. Such a system
cannot be used for free running tests. Reli-
able 6 DoF optical systems are now avail-
able which can be used for this situation. At
MARIN a system is being used with the
heavy sensor located on the carriage and a
very light transmitter, consisting of a set of
three light sources, located on the model.
The system has a typical resolution of 0.1
mm for the translations and 0.1 deg for the
rotations (practical resolution, the claimed
accuracy for laboratory conditions is
higher). The measurement area for this
resolution is 1 x 1.2 meters.

e Accelerations — Ideally, the purpose of the

acceleration measurements should be
known in advance. If for structural re-
sponse, different parts of the full scale will
respond at different frequencies (e.g. a
large heavy panel will not respond to very
sharp acceleration peak, whilst a small stiff
panel will); if for human response regard-
ing injury, a slow response time as well
(Gollwitzer & Peterson, 1996); if for hu-
man response regarding motion sickness,
use the frequency octave method. For oper-
ability purposes the accelerations are more
important than the motions. It is recom-
mended to measure these directly instead of
deriving them by double differentiation of
the motions. Servo-pendulum accelerome-
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ters used for low speed ship model testing
are very accurate but are limited to fre-
quencies below 100 Hz; piezoelectric ac-
celerometers are limited to frequencies
above 10 Hz; piezo-resistive and variable
capacitance are good alternatives that per-
form well over a frequency range of 0 to
1000+ Hz. It is recommended that acceler-
ometer specifications, including: range,
natural frequency, damping ratio and line-
arity be included when reporting accelera-
tion data. Acceleration time histories for
planing hulls are typically triangular with
short rise time, sharp peak and more grad-
ual decay time. Peak acceleration varies
with the frequency response of the trans-
ducer, sampling rate, filter rate, etc (Zse-
leczky & McKee, 1989).

e Pressures — Problems with measuring pres-
sures are very similar to acceleration meas-
urement problems because of short rise
time. Another problem is that given the
same impulse, large-face pressure trans-
ducers measure lower peak pressures over a
longer time than small-faced transducers
because the stagnation point is typically
concentrated and fast moving. Published
data should not only list the location of
transducers, but also the diameter of the
sensor face, the range, frequency response
and linearity of the transducer. For measur-
ing panel loadings, strain gauges on panels
with scaled dimensions and flexural proper-
ties are recommended rather than point
pressure measurements.

e Relative bow motions — These measure-
ments are difficult to obtain at high speeds
and are rarely attempted; no recommended
practice is available at present.

2.2.9 Test Wave Environment

If the model testing is focussed on deter-
mining the operational limits, and the expected
operational limits are not extreme conditions, it
is recommended to use the two parameter
ITTC Standard Spectrum as a description of
the wave energy distribution over the fre-
quency range. The main reason for this choice
is that such a spectrum describes a fully devel-
oped sea state which is relevant for normal
operational conditions.

For tests in extreme sea states it is recom-
mended to use a Jonswap type of representa-
tion for the wave energy spectrum with a
peaked ness parameter >> 1. Because of the
relatively short duration of the extreme
weather, it cannot be expected that such a sea
state will be fully developed.

These coastal sea states have low signifi-
cant wave heights (1-3 m) compared with con-
ventional ship sea states (2-6+ m) so the wave
maker may be operating outside its design en-
velope. This should be considered before se-
lecting the scale ratio.

The presence of swell is for most high
speed vessels a very important factor. The en-
counter frequency of local wind generated
waves is usually sufficiently high so that it
does not result in any significant motions; the
motions due to the swell can be much higher
and therefore more relevant for both operability
and safety aspects. It is recommended to use
local wave information as much as possible for
operability studies.

Keeping the model speed is a point of con-
sideration for free running models. Usually the
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propeller is driven by an electrical motor and
the RPM of this motor is kept constant. The
characteristics of the motor of the ship are usu-
ally not modelled, but this is not considered to
be a significant disadvantage for high speed
vessels.

2.2.9.1 Tests in Regular Waves

Tests in regular waves are often used for re-
search projects. A problem is to keep the model
speed constant for the runs in different wave
conditions (frequency and amplitude) due to
the changing added resistance. If the duration
of the run is sufficient, a solution may be found
in a feed-back to the RPM control of the elec-
trical motor. The power to weight ratio of high
speed models is normally sufficient to have a
quick response and to arrive at the required
value in a short time.

Motion responses of high speed vessels can
be non-linear to a significant degree. This
means that the motion RAO derived from ex-
periments is not unique and cannot be used to
determine the performance in irregular seas
with confidence.

2.2.9.2 Tests in Irregular Seas

Tests in irregular seas are always required
to study extreme effects like slamming, ship-
ping of green water, nose diving and broaching
for any ship. Due to the non-linear relation
between ship motions (and accelerations) and
the wave amplitude for some high speed ves-
sels, tests in irregular seas are also required to
check the normal operational limits. This
makes computer predictions for such condi-
tions quite important since it is not feasible to

carry out tests in many sea states. A reasonable
accurate prediction of the operational limits
must be made so that critical conditions can be
selected with confidence.

2.2.10 Data Sampling Rate

The sample rate of the data collection sys-
tem should be sufficiently high to measure the
quantities of interest. If these are only the ship
motions, a sample rate of 5 x the maximum
wave encounter frequency is sufficient. If loads
are being measured in a cross section of the
model, a much higher (minimum 3 x) sample
rate is necessary to measure non-linear effects
accurately.

Slamming measurements require very high
sample rates, the required rate is dependent on
the resonance frequency of the slamming sen-
sor. Piezo-electric pressure gauges have for
instance a very high resonance frequencies
requiring very high sample rates; a value of 10
kHz is not uncommon.

Focus is now more on measuring slamming
with a sensor with a resonance frequency re-
lated to the construction of the full size ship. If
such a sensor is used, the requirements on the
sample rate are usually lower, and 5 x the low-
est resonance peak of the sensor should be suf-
ficient.

2.2.11 Data Collection

A short run length is not a problem for a
test in regular waves since harmonic analysis
can be done if 5-10 complete wave encounters
are measured. As discussed in Section 4.3.6, a
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large number of wave encounters is necessary
for tests in irregular seas, which might make it
necessary to do the test by combining runs in
different realisations of the irregular sea. The
number of wave encounters required for the
analysis is dependent on the purpose of the test.
If only RMS values of motions and accelera-
tions are required, 75 wave encounters will
give a sufficient accuracy. If parameters of
extreme phenomena need to be measured like
slamming pressures, the required run length
should be such that a number of slams are en-
countered. If the extreme slam pressure needs
to be determined a run length sufficient to re-
cord 100 slams is required.

In general it is recommended to define the
run length based on the number of relevant
events rather than just a certain measurement
time.

3 PARAMETERS

3.1 Parameters to be Taken into Account

Towing point and Method.
Wave height (fixed or encountered).
Speed.

Resistance.

Trim.

Heave.

Accelerations

Relative bow motions.

Hull global loads.

Pressures.

Wetted surface.

Effect of appendages.

Air flux by fan (SES and ACV).

e Flexibility or material characteristics (flexi-
ble skirts for SES and ACV).

e Reynolds effect for hydrofoil ship includ-
ing cavitation.

3.2 Recommendations of ITTC for Pa-
rameters

® Added resistance of appendage drag can
represent a significant portion of the total
resistance of HSMVs. It is recommended to
test the model with and without append-
ages.

® Measurement of the encountered waves are
more desirable than measurements of the
stationary waves. Good success has been
reported using electromechanical servo
probes, acoustic probes, and servo con-
trolled wave gauges.

® Measurement of motions should in general
be non-intrusive. The reliable measurement
is obtained by having a wire-over-
potentiometer measurement. Reliable 6
DoF optical systems are available for free
running tests.

e Tests in irregular seas are required to
check the normal operational limits.

® The resulting trim with self-propulsion tests
in a towing tank at atmospheric pressure
are in most cases not representative of full-
scale HSMVs.

e For measurement of global load hull forces,
the most practical way is to use a seg-
mented model where the segments are con-
nected through force transducers.
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4 VALIDATION

4.1 Uncertainty Analysis
None

4.2 Test — Calculation
None

4.3 Test - Full Scale
None

4.4 Benchmark Tests

1) ITTC Database of Sea Keeping Experi-
ments (21* 1996 pp.43)
S-175, High Speed Marine Vehicle
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