GROUP DISCUSSIONS

Four Sessions of Group Discussions
were arranged in co-operation with
the Information Committee, all on

topics of current interest to most

of the ITTC Member Organizations.

In introducing the subjects the Chairmen
had been given the opportunity to invite
additional Specialists, and they were
assisted by Recorders from the SSPA
Research Staff.

SESSION la

ON FULL SCALE MEASUREMENTS

Discussion Chairman: Dr. B. Della Loggia

Recorder:

la-1. Introduction of the Subject

B. DELLA LOGGIA - Centro per gli Studi
di Tecnica Navale CETENA, Genova, Italy.

CHAIRMAN'S INTRODUCTION

First of all, I would like to thank
the ITTC Organization which gives us
the possibility to discuss Full Scale

Measurements and related problems.

In spite of my very limited capaci-
ties, ITTC charged me to chair this
Session; probably ITTC intended to

give this honour to my organization,
which has been engaged in Full Scale

Measurements since the late sixties.

In any case I'll try to do my best,
introducing very briefly two concepts

regarding our Session.

Dr. O. Rutgersson

In the ITTC world Full Scale Experi-
ments represent, let me say, the
other side of the moon, but in this
case it represents the real one
compared with the simulated one,
which is the towing tank part. So
it seems very strange to me that a
relative little attention has been
generally paid to this problem in
the ITTC activity, because, after
all, it is at sea, this huge tank,
where sail full scale models.

A possible explanation could be that,
from the ITTC point of view, Full Scale
Measurements are only considered as a
tool to validate the model-ship corre-~
lation methods.

However, it seems necessary to stress

that the full scale measurements have

a proper significance for the hydro-
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dynamic investigation because they
allow to deal with the real ship
behaviour and environment, which

are very difficult to reproduce com-
pletely in the model scale.

On the other hand, it is possible
to foresee that in the next future
Full Scale Measurements should be
used to validate directly the new
and more sophisticated theoretical
approaches allowed by the continous

increase of computer power and speed.

The second point regards the great
difficulties generally found in
carrying out Full Scale Measurements.
In fact, they usually require the
employment of large resources, spe-
cial equipments and skilled techni-

cians.

But, in spite of this, often the
experiment could not be considered
successful for a large amount of

reasons, such as:

- adverse external conditions
- shortage of time

- instrumentation failure

- poor test organization

- unexpected factors, etc.

Then, in my opinion, the few suc-
cessful and very significant Full
Scale Experiments must be carefully
considered and used, every time it
is possible, as comparison data in
cooperative research proposed and
sustained by the ITTC.

Only in this way it will be possible
to exploit at the best the large
amount of information, sometimes
not expected, fhat generally are

320

collected during a successful Full

Scale Test.

Finally, I would like to present the

program of this Group Discussion,

which is divided in two parts:

a)

b)

In the first part - Section la-2 =
four short reports are presented
regarding an overview of the state
of the art and a presentation of
new testing instruments and methodo-
logies.

I would like to take this oppor-
tunity to thank officially the
gentlemen who have accepted my
invitation: Mr. Jourdain, from
IRCN, the French Ship Research
Centre, for the thrust measure-
ment problem, Dr. Takahashi,
from Ship Research Institute of
Japan, for the propeller cavity
thickness and volume determina~-
tion, prof. Abkowitz, from MIT,
for the manoeuvrability and
resistance, and Mr. Colombo,
from CETENA, for the seakeeping
problems.

After these presentations, which
should take some ten minutes each,
the second part - Section la-3 -
of this Session will be devoted to
floor discussion. Any contributor
is welcome, not only to discuss
the papers given, but also to
present new devices and data analy-

sis methods.

I'd like to thank you in advance for

your contribution and I'11 start

inviting Mr. Jourdain to present his

paper.



la-2. Invited Contributions

M. JOURDAIN - Institut de Recherches

de la Construction Navale, Paris, France.

FULL SCALE THRUST MEASUREMENTS

For many years, naval architects were
anxious to get thrust measurements on
full scale, because it was a basic

data for propeller design.

During the fifties, direct pressure
measurements into the thrust block

were used, but they required such a

care that they were generally unreli-
able. I shall not insist on more sophis-
ticated devices which did not know some

development.

The modern area began in the sixties
with the developments of electric
strain gauges for general use. On
board engines, their first applica-
tion was the measurement of torque
through the shear strain of the shaft.
After mastering some troubles inherent
to gauges, it proved quite successful
and very handy. Now, an accuracy of

1 ¢ is currently obtained on the shaft

torque.

Then, it was logical to hope the same
result by fitting the gauges in order
to measure the shaft longitudinal
strain due mainly to the thrust. But,
there was a difficulty: this strain
is small, of the same order of magni-
tude that those due to temperature
yvariation and flexure of the shaft
between its bearings. Both problems

were easily solved.

By associating to the longitudinal

gauge a transverse one as close as

possible, the temperature effect

was compensated. In addition, as

the temperature effect is the same

in both directions whereas the trans-
verse thrust strain due to the POISSON
effect is of the reverse sign to the
direct thrust strain, the latter one
is majored by about 30 % when the
temperature effect is compensated. It
may also be seen that, through the
elasticity formula, the unique coef-
ficient of shear G, well known from
torque measurements, replaces the two

coefficients E and o .

Now, the flexure compensation is
straightforward by associating to
the first bridge a second one

fitted on the diametrally opposite
generatrix in the same section of
the shaft. Thus, the output of the
two combined bridges is about 2.6
times the actual longitudinal thrust
strain of the shaft.

However, the first tests using this
device showed large discrepancies, up
to 30 % in worst cases, with the
predicted thrust by conventional
methods.

Theoretical studies performed in
various countries and especially in
Italy at CETENA disclosed the origin
of this failure. It was the parasitic
effect of torque strain due to a de-
fective alignment of the thrust

bridges.

At first we thought impossible to
improve enough the alignment in
order to correct completely this
torque effect,and we imagined a
double weighting method for tak-

ing it in account. Briefly, it



consists of, after fitting the
shaft of thrust and torque bridges,
mounting ashore this shaft on a
rig allowing to apply it a pure
torque without any thrust. This
rig is derived from the one we
used thirty years ago for cali-
brating torsionmeters, but it
may be rougher because no exter=-
nal measurement of torgue is re~-
quired. It is sufficient to apply
a series of torques and read both
bridges. It appears that these
readings are proportional and
their ratio is the parasitic
component of torque on thrust
which can be used for correcting
thrust readings at the trials.

We think that this process is as
perfect as possible, but it is
tedious and onerous, with obvious
practical hindrances on which I

shall not insist.

For these reasons, we revert to inves-
tigate the feasibility of a better
alignment of the thrust gauges by
simple means. In U.K., Shell imagined
a sophisticated device that we deem
more convenient for laboratory than
for daily use on board. At IRCN, we
use long gauges (102 mm) and we align

them with the help of a machined angle

bar put on the shaft along a generatrix.

Despite of its simplicity, this process
proved to be effective., Various tests
on the previous rig and on beoard allow

to estimate the accuracy at about 3 %.

There is little hope to improve this
accuracy, due to the smallness of the
thrust strain compared with parisitic
effects. For scientific research, the
best way would certainly be the use of
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the calibrating rig.

I wish to conclude on a remark which
may look as pessimistic, but, for the

present, is rather realistic.

The fundamental practical interest of
full scale thrust is the improvement
of correlation methods such as ITTC 78.

First, as the thrust results from the
resistance and the thrust deduction,
it is impossible to split it into
these two factors. The full scale
measurement of the resistance being
practically unfeasible, one may at
best hope to disclose large errors
on its prediction assessing that the
scale effect on thrust deduction is
small. Another means of exploiting
the thrust and torque measurements,
proposed by AUCHER, is the check of
the scale effect on propeller effi-
ciency. It consists of comparing the
plots of KQ versus Ky on model and
full scale: their difference is due
to the friction on the blades and
allows to evaluate it. This process
is theoretically sound but as the
previous application to resistance,
its interest is limited to the

accuracy of thrust measurements.

Anyway, it is not a reason to give
up these measurements, and we may
hope in improvements by some new

process yet to be found.



H. TAKAHASHI -~ Ship Research Institute,
Tokyo, Japan.

FULL-SCALE MEASUREMENTS ON TRAINING
SHIP "SEIUN-MARU"

l. Introduction

SR183 Research Panel of the Shipbuild-
ing Research Association of Japan which
deals with a study on propellers and
stern hull forms aiming at reducing the
stern vibration and noise, started on

a three-year scheme in April 1980.

As putting a conclusion to study on
propeller, full scale measurements
on the training ship "Seiun-Maru"

were performed in 1982.

(The SR183 Research Panel includes a.o.
Prof. Takao Inui, Chairman, Prof.
Hiroharu Kato, Head No. 2 Sub-Research
Panel on Propellers, and Dr. Hajime
Takahashi, Head No. 4 Sub-Research

Panel on Full-Scale Measurements.)

At present stage, main topics on screw
propeller cavitation are related to
the problems on erosion and extreme
increase of fluctuating pressures
induced by unsteady cavitation. The
erosion problem has been investigated
for some time. On the other hand, a
study on the relationship between
unsteady cavitation and stern vibra-
tion is rather new, as pointed out

by F. M. Lewis and J. E. Kerwin in
the paper [11, that is, "It was not
until 1970 [2] that attention was
given to the influence of transient
propeller cavitation on vibratory
excitation". Moreover, the atten-
tion is paid to the noise problem

again for some reasons recently.

2. Purpose of Full Scale Measurements

The purposes of full scale measure-
ments are firstly to measure the
cavity volume and secondly to inves-
tigate the effectiveness of a highly
skewed propeller for reducing stern
hull vibration.

The information on cavity volume is
essential to making progress in

the theoretical calculation of fluc-
tuating pressures around a stern. In
order to measure a cavity volume,

the laser beam system developed for
measuring the cavity thickness distri-
bution on propeller models [3], [41],
were modified and applied to full

scale measurements [5].

The role of the full scale measure~-
ments as a part of the whole project

is shown in Fig. 1.

{ Theoretical Calculation }

Measurement of Wake Distribution
behind Ship Model in Towing Tank
l Estination of Wake Distribution on a Ship !*—'—————-—

| Geometric Information and Working
l Condition of Propeller

{ Estimation of Cavity Extant and Volume J

rf\i Evaluation of Fluctuating Pressures !

{ Model Test ]

Reproduction of Estimated Wake Distrihution
behind a Ship in Cavitation Tunnel

)

Simulation of Flow Field
around Cavitating Propeller and Stern Hull

L

A .
S Measurement of Fluciuating Pressres

{ Full Scale Test ]

K Heassursment 9f Cavity Extent and Cavity Volume

; Measurement aof Fluctuating Pressures

Fig. 1 Role of Full Scale Measurements
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Table 1 Principal Dimensions of
"Seiun-Maru"

LENGTH b.p. 105.00 M
BREADTH 16.00 M
DEPTH 8,00 M
DRAFT 5.80 M
Ca 0.576
DISPLACEMENT 5,781.3 TON

MAIN ENGINE: DIESEL 5,400PSXL76 RPM

3. Full Scale Measurements

Principal dimensions and a side view
of "Seiun Maru", which belongs to the
Institute for Sea Training, Ministry
of Transport, are shown in Table 1
and Fig. 2 respectively. Principal

dimensions of propellers (conventio-
nal propeller and highly skewed pro-
peller) and photographs of propeller
models are shown in Table 2 and Fig. 3.
In design of the propeller, the shape
of a blade section was changed from

MAU type to SRI-B type [6].

Full scale measurements were performed
at midnights on 1l4th~16th May 1982

in the case of CP and on 7th~9th Decem-
ber 1982 in the case of HSP II .

Ship speed, No. of revolution of pro-
peller, Thrust, Torque, Cavitation

extent, Cavity thickness, Fluctuating
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"Seiun~Maru"

CP(M.P.NO.218)
Fig.3 Propeller Models

HSP I (M.P.NO.220)

Table 2 Principal Dimensions of

Propellers
Type (%4 HSPIL
Dia. of Prop, (mm) 3600
Pitch Ratio (Mean) 0.950 0.920
Exp. Area Rattlo 0.650 0.700
Boss Ratio 0.1972
No. of Blades (Z) 5
Blade Thickness Ratio 0.0442 0,0496
Mean Blade Widch Ratio 0.2465 10,2739
Skew Angle (deg.) 10.5 45.0
Rake Angle (deg.) 6.0 -3.03
Blade Section MAU Modified SRI-B

Material A1BC3(Ni-Al-Bronze)

pressures around the stern, Cavitation

noise, Stress on blades, Hull vibration,

Noise in Cabin.

This paper mainly describes cavity

volume, fluctuating pressures and

cavitation noise.

The system structure for cavitation
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Fig. 4 System Structure for Cavitation Observation

observation and cavity thickness
measurements is shown in Fig. 4 and
the principle of cavity thickness
5.

In the case of cavity thickness

measurements is shown in Fig.
measurements, two spots of Laser
beams from Emitters 1 and 2 are
adjusted to be on a single point
D in the cavitation free condi-
tion. When cavitation occurs,
the spot D separates into two
spots E and F. Two spots E and
F observed by TV camera are shown
6.

then be obtained by

in Fig. Cavity thickness can

where a factor b is determined from
the geometrical locations of the

emitters and a TV camera [5].

pressure gauges and
7 and
noise signals were
by 1/3-Octave Band

Frequency Analyser in the frequency

Arrangements of
hydrophones are shown in Figs.
8. The measured

mainly analyzed

range from 2 Hz up to 160 KHz.
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Fig. 5 Principle of Cavity
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3.3.1 Cavitation Pattern

Tip vortex cavitation occurred at 78
rpm on CP and at 92 rpm on HSP IT .
Sheet cavitation was dominant on both
propellers. Tip vortex cavitation on
HSP II was thicker than that on CP.

Cavitation extent on both propellers
are shown in Fig 9. No detrimental
cavitation was observed.

3.3.2 Cavity Thickness

Measuring points

Angular _ o o o o
Position 6 =30, 407, 507, 60
Radial _

Position r/R = 0.85, 0.90, 0.95
Chordwise _

Position x/C = 0.25, 0.50, 0.75

at 163 rpm

Cavity thickness distribution on
HSP II at 6=40o is shown in Figqg.
10. Cavitation near the leading
edge is thin and stable. Only few
data of cavity thickness on CP
were obtained because of damage of
the measuring system due to rough

sea.

3.3.3 Fluctuating Pressures
Fluctuating pressures at point C
just above the propeller is dis-
cussed.

Kp5{cavitation)/ : 2.5 for CP

Kp5(cavitation free) .
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Kp5(cavitation)/
Kp5(cavitation free)

Qe

AP

where Kpb5 = — 55— at Blade Frequency.

on"D

The results of Fourier analysis on
fluctuating pressures are shown in
Fig. 11. 50%~70% reduction in fluc-
tuating pressures was achieved by
adopting HSP II .

3.3.4 Noise Measurements

Test results on noise measurements
at 163 rpm are shown in Fig. 12. In
a range of 100Hz~5KHz, noise of

HSP II is smaller by 2~3 dB. §&ig-
nificant differences exist at
lst~3rd components of B. F., which
means that the adoption of HSP IT
is quite effective in reducing
fluctuating pressures, but has

little effect in the audible range.
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Fig. 10 Cavity thickness at £=40°,
163rpm (HSP I )
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Fig. 11 Amplitute of Fluctuating
Pressures at Point C

1962 (9B retuPa)

180

170

I}

1xB.F. 3xB.F.

Fig. 12 Noise Measurement on Actual Propllers

4., Model Tests

Model tests were carried out in order
to estimate stern vibration and noise
of the actual ship. Therefore, to
confirm the accuracy of experimental
estimation, it is very important that
comparison of model and full scale
measurements is performed carefully.
Results of model tests are also used
for the evaluation of theoretical

calculation.

The measurements of fluctuating
pressures induced by cavitating
propellers were performed behind
the complete ship model in the
large cavitation tunnel of SRI.
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Table 3 Test Conditions

N (RPM) PS vV (XIS) [Sea State
149 2,810 14.5
cp 163 3,700 15.5 MODERATE
170 4,280 16.3
149 2,600 1s5.1
HSP I 163 3,300 16.3 SLIGHT
171 4,000 16.6

Table 4 Test Conditions on Models

Propeller | N(rpm) K n
CP 149 0.200 3.66
MP No.218 163 0.207 3.06
171 0.219 2.78
HSP T 149 0.195 3.57‘
g9

MP No.220 163 0.201 2.96
171 0.212 2.71

Cavitation noise was measured
behind wire mesh screens in the
cavitation tunnel of the Univer-

sity of Tokyo.

Scale ratio of the ship model to
the actual ship is 1/16.29.
Diameter of the propeller model
is 0.221m. Test conditions are

shown in Table 4.

The estimated wake distribution of
the actual ship was realized by
using the complete ship model and
the flow liner [7] developed for
removing wall effect on model wake
distribution in the cavitation tun-
nel [8]. The wake distribution

thus realized is shown in Fig. 13.

4,1 Cavitation Pattern

Cavitation patterns on the propeller

models are compared with those on
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Fig. 13 Realised Wake Distribution
of the Actual Ship
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Fig. 14 Cavitation Patterns
on CP at 163rpm
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Fig. 15 Cavitation Patterns
on HSP I at 163rpm

the actual propeller in Figs 14 and
15, which show that the agreement
is very good. Quite similar results
were obtained in the case of wire

mesh method.

Test results measured by the laser
scattering technique [4] are shown
in Figs. 10 and 16. Scale of ordi-

nate is five times that of abscissa,
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Measured Cavity Thickness (HSP I )

10,

spondence of the model and the

According to Fig. the corre-
actual ship is rather good. It
may be said that cavity thickness
distribution on an actual pro-
peller is estimated pretty well
from model data. Variations of
cavity volume estimated from the
measured cavity thickness distri-
17 includ-

ing full scale measurements. The

bution are shown in Fig.

agreement of the cavity volume at
each angular position between the

model and the ship is very good.

The distributions of fluctuating
pressures both in the transverse
and longitudinal directions are
shown in Figs. 18 and 19 together
with results of full scale mea-

surements.

Kp5 for HSP I was reduced by 50~70%
from that for CP. This reduction
rate is considerably higher than the

reduction rate of cavity volume.

rhne agreement between model and full

scale measurements is rather good.

unt:m/m

Model Ship
cp HSP-I N{rpm)
3k A A 149
/™ e o 183
= a 171

Full Scale Ship
X 163

320 340 0 20 40 60 80
C)

100 deg

Fig. 17 Variation of Cavity Volume

This fact means that fluctuating
pressures on a full scale can be
predicted quantitatively to some
extent from model test results.

4.4 _Cavitation Noise

The measured results behind wire
mesh screen are shown in Figs 20
and 21 together with results of
full scale measurements.

In Fig. 20, the results for CP

are compared with those for HSP II .
There is no difference at 1lst B. F,.
component but noise level of HSP II
is lower by 5~7 dB at 2nd and 3rd

B. F. component.

The comparison of the measured full
and the estimated full
based on model test

21. The
method [9] is used as

scale data
scale data
results is shown in Fig.
Levkovskii
a scale correction. There is a
trend that the estimated values
are slightly higher than the
measured values. It is considered
that the reason may be reverberation
and reflection in the cavitation

tunnel.
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5. Concluding Remarks

Summary of conclusions is as follows.

For example, fluctuating pressures
at blade frequency at Point C in

163 rpm are

(1) (2)

AP cp
(kg/mz)

HSP II (2)
(kg/m%) (D

full scale
measurements 550 170 0.31
model tests 600 280 0.47

There is little difference among values
of (2)/(1). This means that the effec-
tiveness in adopting highly skewed pro-

pellers can be estimated by model tests
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Fig. 19 1st Component of Fluctuating
Pressures (HSP I )

Reduction rate of fluctuating pressures
in adopting skewed propellers are shown

roughly in Fig. 22.

Future tasks concerned are firstly
to establish a theory for calcu-
lating pressures and cavity volumes
precisely by using the data above
mentioned and secondly to make mea-
surement of full scale wake distri-

butions.

Future tasks on the measurement of
cavity thickness on a actual ship

are described in ref. [5].

The author is pleased to acknowledge
the considerable assistance of staffs
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MEASUREMENTS IN SHIP MANEUVERING

The successful outcome of full scale
ship trials greatly depends on suffi-
cient planning and preparation for the
trials. Planning should be the major
part of the entire trial effort. Poor
planning can result in inconclusive
results at great cost - time and money
essentially wasted. The following are
the major items to be considered in the
planning process and this sequence was
followed in planning and preparing for
the successful maneuvering trials of
the Esso Osaka trials for "measuring”
the maneuvering coefficients through
system identification on measurement

data obtained during the trials.

1. Establish the need for the trial.
What ultimate useful information
is to be obtained? At what cost?



Establish the necessary maneuvers
to obtain the desired information.
Make sure the maneuvers do not
compromise the safety of the ship.
Optimum minimum maneuvers to reduce
costs but enough necessary to gain
sufficient data with a reasonable

amount of backup.

Determine what measurements and
accuracy are needed. One cannot
go back after the trials and
obtain information that he/she

forgot to get.

Determine necessary instrumenta-
tion and accuracy required.
Consider using as much as possible
of the instrumentation already on

board.

Decide exactly how the analysis
of the data is to be carried out.
What procedures, computer programs,
etc. are to be used in the data
analysis. Be sure the analysis
technique will work with the

data expected to be obtained.

Establish the potential for the
successful outcome of the trial
effort.

Assure that the proper instruments
are installed on board, tuned up,

and properly calibrated.

There have been many trials with poor

planning where attempts were made to

measure almost everything and the

analysis method was tried out after

the tests and not before.

There was

great additional costs in trying to

get useful information from the trials.

In case of the Esso Osaka the following

was done prior to the trials.

"simulated noisy data" was used

to tune up the computer programs
used in the system identification
process. This led to the develop-
ment of parallel processing tech-
niques {(in which two different
maneuvers are simultaneously proc-
essed), over and under initial
estimates, selected parts of the
maneuver for more accuracy, etc.
It was established that it would
be necessary to measure u {(for-
ward speed), v (transverse speed),
r (yaw rate) and ¥ (the heading
angle).

It was demonstrated that the linear
coefficients could be identified in
a lOo/lOO Z maneuver and the
non-linear coefficients in a 35°

rudder maneuver.

The increment of time for updating
the identification process could

be 4, 8,
the safe side, measurements were

or 12 seconds. To be on

taken every 2 seconds.

The Esso Osaka was selected because
it was already equipped with a dual
axis Doppler sonar log which measur-
ed the forward and transverse speed
over the ground as well as being
equipped with the usual rudder indi-
cator,

RPM counter, and gyrocompass.

It was only necessary to install
an instrument for measuring the
yaw rate; the instrument ordered

and installed had sufficient accu-

racy and was comparably inexpensive.
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6. Since speed measurements were "over
the ground" it was necessary to
reformulate the equations of motion
to include current and to introduce
the magnitude and direction of the
current as additional coefficients

to identify.

7. Use of simulated noisy data of the
specified maneuvers indicated in
advance of the trials that there
was great potential for successful

results.

As a result, the actual trials were
very successful giving extremely
useful information in the maneuver-
ing predictions of ships. The trials
and the results are given in a paper
by the author entitled "Measurement
of Hydrodynamic Characteristics from
Ship Maneuvering Trials by System
Identification", Transactions SNAME,

November, 1980.

The costs in conducting the trials
of the Esso Osaka were significant
because the ship had to be taken out
of service, instrumentation put on
board, etc. Further analysis of the
Esso Osaka trial data indicated that
the linear and non-linear coefficients
can be successfully identified by
using just the measurements of u
(the forward speed) and ¥ (the
heading angle) along with the RPM
and rudder angle. Since all ships
have instrumentation on board to
measure RPM, heading (¥) and rudder
angle, any ship capable of measur-
ing u becomes a ship of opportunity,
on which simple trials during a
routine voyage can be carried out
with little or no expense to the

shipowner. This fact should convince
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the shipowners to permit their ships

to be used in such trials.

Simple full-scale trials conducted
during a routine voyage, by which
the resistance of the ship can be
measured, is described in a contri-
bution to the Report of the Perform-

ance Committee by this author.

A. COLOMBO - Centro per gli Studi di
Tecnica Navale CETENA, Genova, Italy.

FULL SCALE SEAKEEPING TRIALS -
AN INSTRUMENTATION SET FOR SEA AND
SHIP MOTION MEASUREMENTS

In spite of the wide developments
and improvements in theoretical
studies on seakeeping, the experi-
mental full-scale activities are

so far limited in number and rele-
vant results are often incomplete
due to the lack of a direct measure-
ment of the environmental conditions
(sea state) during ship motions
trials. In the meantime, the availa-
bility of more experimental full-
-scale data on this topic is essen-
tial at least in view of the follow-

ing scopes, aiming

1) to quantify in a more exact way
both the environmental conditions
in which a ship operates and the
actual behaviour of the éhip in
terms of motions, accelerations,

bottom slamming, deck wetness, etc.

2) to collect data on more similarly
sized ships in order to confirm
and quantify the expected differ-
ences of seakeeping qualities,

especially in terms of sustainable



speed in rough seas, to be used in
future seakeeping oriented ship
design and to derive practically
those operational limits to be
used in theoretical calculation
methodologies

3) to compare experimental data with
theoretical results obtained from
08 Methods or/and more updated
and sophisticated theories, in
order to validate them or better
understand and quantify the limits
and then the range of applicabili-
ty of such theories,that are ex-
tremely useful in an early ship

design stage.

On the other hand full-scale seakeep-
ing trials are not easyly per-

formed and moreover they need an
unconventional and ad~hoc instrumenta-
tion able to provide records of sea
state conditions, ship motions and
related phenomena.

Concerning wave height measurements

the most known instruments are wave-
rider buoys (both unidirectional and
directional), even if the adoption of
such measuring devices presents many

practical problems.

In fact they are difficult to manage,
especially in severe sea conditions
and often intermittent, and sometimes
permanent, loss of the signal trans-
mitted from waverider buoys can be
observed. But, mainly, these buoys
are subjected to frequent damages or

failures, or they may even be lost.

For these reasons environmental
data are often obtained by visual

observations of the ship crew with

some consequent losses of signi-
ficance in the results and their

correlation with theoretical values.

An alternative instrumentation set
for seakeeping trials (both for

sea state and ship motions measure-
ments) has been well described in
Ref. [1l], and we are going to shortly
describe it as a fully on board

installed set-up.
Sea state measuring device consists
of an ultrasonic sensor which provides

the relative wave height.

The sensor main characteristics are:

SEPA Mod. AS 108/00

Ultrasonic Frequency 24 KHz
Scanning Frequency 10 Hz
Resolution 0.05 m

Operation Range

This sensor, which is currently installed

on board some Italian Navy Hydrofoils,
has been installed on board of some
frigates of the Italian Navy during
full-scale seakeeping tests, as can

be seen from Figs. 1 and 2, and allows

the ship to be completely self-sufficient

during these trials.

The methodology adopted to correct

the measured relative vertical dis-
placement for the angular and verti-
cal ship motions is again detailed

in Ref. [1] as well as the mathemati=-
cal procedure to transform the obtain-
ed spectral sea energy distribution
versus encounter freguency into an
absolute frequency spectrum. The
reliability of the SEPA Sensor informa-

tion is unfortunately limited to sea
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Fig 1

spectra obtained when the ship heading

angle ranges between head and bow

conditions.

In beam sea the definition of sea
spectra is unacceptable while in
following and quartering sea it is
impossible because there is no
one-to-one relation between the
encounter and the absolute frequen-
cy. This means that to have a
correct definition of the sea spec-
trum, during seakeeping trials, two
or more ship runs in head (or bow)
sea conditions must be carried out
(at the beginning, during and before

stopping the trials).

As concerns ship motions measure-
ments, a wide variety of accelero-
meters and pitch / roll meters has

been used.

A more compact and reliable though

more expensive device consists of
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Fig 2

a stabilized platform installed at

the ship’s center of gravity.

One of the main devices of the
platform is an horizontal reference
gyro. This allows to measure the
accelerations along longitudinal,
horizontal and vertical axes of

the ship. Furthermore, it measures
the changes of the ship’'s angle with
respect to the pitch and roll axes
against a ship-motion independent

stationary horizon.

A detailed description of the main

characteristics of RMS stabilized plat-

form and its use during full-scale
seakeeping trials is reported again in
Ref. [1]. The following complementary
measuring devices are here described

as a standard set for such trials:

- bow and stern accelerometers by
KISTLER to measure the vertical

accelerations of these ship points



- bow bottom and side strain gauges
(half

bridge with temperature compensator)

by the Micron Measurement

to investigate the slamming pheno-

mena

- torquemeter and shaft revolutions
counter in order to measure the
shaft power

- Raydist Radiolocation System for
an exact measurement of the ship
speed during the trials (see Fig. 3)

All signals are sent to a control

central, recorded on F. M. magnetic

tape and later on analyzed by a F. F.

Analyzer in order to obtain the

response spectra and significant heights.

A general arrangement of the instru-
mentation set employed, for a naval
vessel, is shown in Fig. 4.

The main results of a practical appli-
cation of the full on board instrumenta-

tion set, are summarized in Fig. 5.

This figure shows sea spectra, pitch
and heave R.A.O.s and a quantification
of the error incurred during a sea
spectrum mapping due to a wrong estima-
tion of heading angle.

Concerning the adoption of the above
described instrumentation, our expe-
rience can lead us to the following

conclusions:

1) reliable information of long
crested sea spectrum can be
obtained when the sea ranges

from head to bow conditions

2) the definition of sea spectra

Fig 3

is unacceptable for beam seas

and even impossible for follow-
ing and quartering seas. However
this fact is of little importance
because there is always the possi-
bility to perform head-on runs for
which the definition of sea spec-

trum is reliable

3) compared with alternative instru-
mentation systems our set presents
the remarkable advantage of a low
cost installation without sacri-

ficing the accuracy of results.
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la-3. Free Discussion

The free discussion that followed was
largely related to the above presenta-

tions.

The Chadi{nman opened the discussion by
pointing out that very little was men-
tioned in the presentations about the
accuracy of the different measurements.

As the full-scale results often are

used as the basis for different compari-

sons the reliability of the results is

very important.

He also commented on Prof., Abkowitz's
contribution, saying that it was very
interesting but that the equipment

seemed to be very sophisticated.

He did not agree with Mr. Jourdain's
pessimistic conclusion about thrust
measurements. He made reference to
the Report of the Performance Com-
mittee, in which the necessity of
full-scale thrust measurements is

stressed.

He finally asked Dr. Takahashi if
corrections were made on the pres-
sure amplitudes for the vibrations
in the hull plating. Dxa. Takahashd
replied that the vibrations meas-
ured were so small that he believed
there was no need for such correc-
tions.

Pn. van Gent asked Dr. Takahashi if

he had considered to measure the
velocities of the cavitation bubble
dynamics instead of the cavity thick-
ness, and, again, what accuracy would
be obtained if the thickness measure-
ments were used to calculate alsoc the
cavitation velocity. Da. Takahashd
replied that he did not believe it
should be possible to obtain the
cavitation velocity from the measure-
ments carried out. However new measure-
ments using new equipment is already
planned and already next year he hopes
to be able to present measurements

also of the cavitation velocity.

Drn. Buhcher asked Prof. Abkowitz if
studies had been made of the errors
introduced when a redundant number
of measuring parameters were used.
Dr. Shanrma asked if studies had been
made about the possibility of using
filters to avoid systematic errors
such as those due to drift in the
instrumentation, and if it is pos~-
sible to identify the current also
when measurements of the transverse
speed were omitted. Dr. Choung Lee
finally asked Prof. Abkowitz what

was the purpose of his measurements.

In replying Pro§. Abkowitz stated

as follows:

1. Question: Errors introduced when
redundant number of measuring

parameters were used.

The measurements made during the
Esso Osaka trials were the forward
velocity (overground) u, the trans-
verse velocity (overground) v, the
yaw rate r and the heading angle .
The only redundancy might arise
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from using both the measurements

of r and y. Errors can occur through
redundant measurements if the redun-
dant measurement is "noisy". How-

ever, in the case of the Esso Osaka,
the measurement of ¥ had essentially
no noise and the measurement of r

had very little noise. Therefore no
errors due to redundancy were de-

tectable.
Question: Were filters used to
avoid systematic errors such as
instrumentation drift?
(u) and the trans-

were measured by

The forward speed
verse speed (v)
Doppler sonar and there is essential-
ly no drift involved in the Doppler
technique. The heading angle (y) is
measured by the gyro-compass which

is a reliable, very stable and essen-
tially no noise instrument. There-
fore, over the time of a given maneu-
ver there is essentially zero drift
from this instrument. The only meas-
urement which could suffer from

(r)
We checked this instrument

drift is the yaw rate measuring
device.
for drift during a maneuver through

the relationship that

In most of the maneuvers there was
no drift and in the few that had
drift,

and the drift was corrected. There-

there was very little drift

fore, it was not necessary to use

filters to correct instrument drift.

Question: Possibility to identify
the current when measurements of

transverse speed are omitted.

The equations of motion which
predict the forward and trans-
verse motion over the ground
contain terms involving the magni-
tude and direction of the current
and these two items are subject
to identification just like any
of the hydrodynamic coefficients
in the equations. The probability

of identifying the current is im-
proved if the transverse speed is
measured but this measurement is

not necessary for successful identi-
fication of the current. The current
magnitude and direction of the Esso
Osaka in the lOO/looZ maneuver and
the 35° hard rudder turn were success-
fully identified by using only the
forward speed data (which is affected
by the current) and the heading
angle data (which was used to give
heading rate information) without

using the transverse speed data.

Question: What was the purpose of

your measurements?

The purpose of measuring the for-
the transverse

(v)
the yaw rate (r) during Z and hard

(),

the yaw angle

ward speed

speed (v), and
rudder maneuvers was essentially
to measure the ship motion response
(output) to a known rudder excita-
tion (input) and through system
identification techniques, which
match output with input, "measure"
(determine) the hydrodynamic coef-
ficients of the ship, which appear
in the maneuvering simulation model.

Whereas system simulation uses a




simulation model to predict the
response {output) of the ship to
a given rudder deflection {input),

system identification magnitude

predicts the simulation model by
matching output to input not only
giving the magnitudes of the coef-
ficients (at full size Reynolds
number) but also giving information
with regard to the validity of the
form of the simulation model
{equations of motion) which was
assumed in setting up the equations.
The results of using system identi-
fication analyses of the Esso Osaka
data indicated that several of the
hydrodynamic coefficients measured
by scaled model tests suffered from

"scale effect” (Reynolds number

effects) and the form of the equations,

which originally was assumed to

be valid if non-linearities through
the cubic terms were included, was
shown to be inadequate for this ship
because the ship lost three-quarters
of its speed in a turn and the pro-
peller RPM was maintained at its
original value throughout the turn.
As a result of these tests the form
of the model was altered to take
care of very large speed losses and
propeller race effects over the
rudder and the coefficients in the
simulation model (at full-scale
Reynolds number) were determined,
thereby giving a realistic maneuver=-

ing simulation model for the ship.

Prof. Abkowitz next turned to Mr.Colombo
asking him about the purpose of the sea-
keeping trials described. Mxr. Colombo

replied like this:

Besides the need to carry out this kind
of tests to comply with the design

specification submitted by the Italian
Navy, such acquisition comparisons are
mainly devoted to investigate on the
ship roll motion which is the most
affected by non linear phenomena, with
a particular attention to the effect

of antiroll fins.

This last effect was extensively investi-
gated on different frigate classes of
Italian Navy and has been estimated on
the basis of the significant amplitudes
2f roll obtained by full scale trials in
bow, beam and quartering sea with fins

on and off respectively, as shown in

the CETENA Report No. 1109.

Due to the confidential nature of
such data, it is only possible to
give the percent decrease of the

roll angle sgignificant amplitude,
which referring to the above men-

tioned Trials Report, can be sum-—

marized:
Bow Sea 37%
Beam Sea 38% Ship Fn = 0.48

Quartering Sea 58%

Another most important aspect that
can be investigated during such
trials concerns the added power due
to the sea state.

A result of such an investigation
is again summarized in the diagram
enclosed here, where, in function
of the ship-sea encounter angles,
power increase is reported for a

frigate in a sea state 4.

Furthermore, such acquisitions enable
to quantify in an experimental way
" 1e occurrence of undesired effects

-ach as accelerations in particular
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The Chairman thanked the participants

for their interest and closed the

Session.
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