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seaworthiness of the craft to a point which {a unsatisfactory., Seaworthiness
probiems associated with the ORTOLAN appear to be less severe than those of
the "as built" HAYES and the addition of the foil should essentially
eliminate these problems as 1t did for the HAYES. This foil should not break
the water surface during any operaticnal ship condition in state 5 seas or
below. Strain measurements obtained indfcate that although severe impacts
occurred during the trial, the main structural integrity of the ship was not
endangered. A second report discussing the post foil seaworthiness of the
ORTOLAN will b2 punlished at the conclusion of presently scheduled post-foil

trials,
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NOMENCLATURE

Gravitational acceleration

Ship length

Wave meter correction factor
Port

Pressure gauge 1, 1 = 5, 6, 7, 8
Pounds per square inch (gauge)
Starboard

Bow acceleration energy spectra
Bow displacement energy spectra
Pitch eunergy spectra

Roll energv spectra

Wave energy spectra

Ship speed

Single amplitude relz=ive mction at Station 2%
Single amplitude pitch angle
Single ampl:.ude roll angle
Wavelength

Single amplitude wave height
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Circular wave frequency
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ABSTRACT

This report presents and discusses the results of seaworthiness trials
conducted aboard the USS ORTOLAN (ASR-22) prior to the instalilation of a
betweenn hull forward foil. Ship motions, hull strains, and cross structure
1mpacts are presented and comparisons are made between the ORTOLAN, the USNS
HAYES (T-AGOR-16), and several monchulled ships. Current seaworthiness
problems associated with the ASR Class are defined and discussed. Results
indicate that while ship motions are not abnormal for a ship of this length,
the frequency and intensity of crcss structure impacts degrade the seaworthi-
ness of the craft tc a point which 1g unsatisfactory Seaworthiness problems
assoclated with the ORTOLAN appear tc be less severe than those of the "as
builr' HAYES and the addition of the foi1l shculd essentizl.y eliminate these
[ -biems as 1t did fc: the HAYES. This rcil should not break the water
surface during any cperational ship conditicn in state 5 seas or below. 3Strain
m2asuremants obralned indicate that althcough severe impacts oczurred during
the trial, the main struz-ural integrity of the ship was not endangered. A
gerond repcre discussing the post fo:l seaworthiness of the ORTOLAN will be

published at -he conzlusicn ¢ pie:entiy scheduled poct-foll trials.

ADMINISTRATIVE INFORMATION

This preject was funded by Naval Ship Engineering Center Work Requests
No 45.20, Amendments S5 and 6, and No 45530, and vas performed under Work

Urir Number 1-1568-834.

INTRODUCTION

A considerable number of nm:zdel experiments have been conducted on the
ASR Class catamaran a* the Naval Ship Researcih and Develcpment Center (NSRDC)
irn the pas: tew years They have been a..omplished to derermine the seaworthi-
rness chasa:teristics, bridging structure gros-s loadings, briaging structure

slamminz pressures, petween hull wave patterns, and rthe reslscance, powering
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and stability characteristics. Experiments have also been conducted with the
ASR catamaran as a "mcthership" for the retrieval of a deep submersible rescue
vehicle (DSRV) through the center well. In addition, an experimental investi-
gation was carried out on a four point open sea moor of the ASR catamaran.

Currently, some negative experiences have been encountered with catamarans
in heavy seas with bridging structure slamming. Model experiments with the
USNS HAYES (T-AGOR-16) indicate that a foll near the bow, between the two hulls
at the keel position, will significantly reduce the relative motion and the
related slamming impact frequencies and pressures. Trials conducted by NSRDC
with the HAYES confirmed that this installation of a between hull foil greatly
reduces bridging structure slamming, A similar foil for installation aboard
the USS ORTOLAN (ASR-22) has been designed. Prior to the installation of this
foi!, a pre-fix trial was cond:cted abcard the ORTOLAN to ascertain zurrent
seaworthiness characteristics and slamming pressures, i.e,, to provide a base-
line set of results against which the performance of the ORTOLAN with a foil
may be compared. A second, post—-foil modification trial will then determine
che effectiveness of the foil. This report presents and discusses the data

obrained during the pre~fix trial conducted aboard the ORTOLAN from 15 April
to 25 April 1974.

TRIAL SITE AND TRIAL PROCEDURE

With the exception of Run 34, this trial was conducted in an area approxi-
mately 200 miles east of Assateague Island, Maryland. The ocean depth varied
from 1000 to 2000 fathoms. Run 34 was recorded in an area east of Virginia
Beach, Virginia in water approximately 170 fathoms in depth.

The trial procedure employed was as follows:

a. The trial director would request a particular heading and ship speed,

b. the bridge would inform the director when the ship course and steady
speed had been obtsilned,

¢. the trial director would notify th2 electronic technicians to
commence collecting data,

d. the trial director would intorm the bridge of the run completion

and request the next trisrl condition.

g%
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Each trial run would commence when the ship had reached the steady speed
requested for a particular heading. The run would continue for approximately
30 minutes during which time the ship maintained heading and speed with a

minimum of rudder activity.

DATA COLLECTION

Measurements were recorded on two l4 channel magnetic tape recorders.
Tape recorders and channel designations for trial measurements are given in
Table 1. Transducer locations are presented in Table 2. Data collection is

discussed in the fcllowing three secticns.

WAVE HEIGHT

In order to correlate measured responses obtained during thie pre-fix
trial with model and future post-foil trial measurements, an accurate wave
he*zht measurement .¢ required. Thus, four distinct measurements of wave
helght emploving three different me hods were made. These are:

a. Datawell wave buoy,

b Tucker sea state meter - correcred and uncorrected,

©. visual observation by ship's force,

d. visual observation by NSRDC trial director.

The Datawell wave buoy obtains the seaway profile by double integrating the
output of a stabilized accelerometer within the buoy while the buoy is
afloat in the seaway. Wave helght measuremei.ts using the wave buoy were
made before and after each series of headings at a nconstant ship speed.
These measurements were made at zero nominal speed and are referred to as
wave runs. The Tucker sea state meter measures the height of the water
surface on the ship's hull and adds this tc the displacement of the hull
relative t¢ an imaginary reference surface defined by the calm waterline.
The resultan: height fluctuation of the water gurtace 1s therefore indepen-
dent of the motrions of the ship and represents wave height. Visual obaerva-
tions were made independently by ship's force and by the NSRDC trial

director; that 1s, the observations were made independent of one another




as well as independent of the electronic wave measurem2nts. A detalled
investigation of the merits of each of the above methods 1is beyond the scope
of this report; however, the comments contalned in Table 3 are thought to be
valid.

As noted 1in Table 3, a calibrarion correction factor, M, based on wave
encounter frequency rust be a jlied to the Tucker sea state meter measurement.
This correction factor is necessary to account for the signasi attenu:tioa due
to the depth of the pressure heads below the surface and fcr the attenuation
due to the integrators and RC couplings within tle device.l Figure 1 presents
this correction curve as applicable to the installation uscd during this
trial. Reference 1 states that the response of the sea state meter is bLest
fcr low frequency wave encounters (correction factor - 1.9) becoming more
wnzertain for higher frequency encounters .correctlon factor >>» 2.0). Hence
Tucker wave height measurements are likely to be most accurate when ship

sp'ed is zero or the ship 1s proceedirg in quartering or fcllowing seas.

SHIP MOTIONS

Ship motion measurements were recorded for roll, pltch, vertical accel-
cratlion at three locations, surge, sway, yaw, relative bow motion, and stern
displacement. Surge and sway acceleratlons are not true surge and sway
accelerations, but longitudinai and transverse accelerations, respectively,
at their locations (see Table 2). Tiue surge and sway accelerations are
defined as the transverse and longitudinal accelerations -t the ship center
of gravity. Roll, pitch, and accelerations along the three ship axes were
recorded at Frame 87’ using a modifiel Mark IV MOD 0 fire control stable
platform. This device measured the true roll and pitch as well as true
longitudinal, transeverse and vertical accelerations at the trarsducer
location. Yaw was recorded direcrly from the ship's yyro rereater, Bridge
crane vertical acceleration and bow acceleration were unstabilized; that {1sg,

the transducer did rot remain truly vertical but remained perpendicular to

"Manual for Caltbrating, Instaliing and Uperating the Ship-Borne Wave
Recorder,” National Institute of Oceanographv (July 19%5).
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the tongitudinal and transverse centerlines of the ship. The error thus
induced by roll and pitch angles 1s small and will be neglected in this

report.

IMPACT PRESSURES

Since impact frequencies of 100-200 Hz were expectad, a r2cording system
was chosen which would accurately r:2cord these frequencies. A:tual impact
frequencies, basea on signal rise time, centered around 160 Hz Shownt 1n
Figure 2 are the pressure gauge locations and proposed structural modifica-
tions.

No impact transducers were lc cced on the forward fezived edge of the
crces stru.cture since this area wiii ve modified as shuwr av - ing the jnstal-
lardtcsn of the 1011 it 1s prebabue, houweve -, that thys ar-a received more

severe impacts than di1d anv other sectlen of the cross strucrure.

PRESENTATION OF DATA

Te Y ses g are preserted o two basle formats, tabular and spectral.
Al ~opntzant data collecred o ap the trial are presented in tabular format.
Data whith are discussed 1n »ome detaltr are also presented in a spectral
en ryy tormat

Trial res lts are discussed 1n the tollowing three sections.

WAVE HEFTGH!I

A sammary b wave helpnts, Tue and relative coarses, and ship speeds
for all trial runs 1y presenced tn Table 6 Wave helght values obrained
from the wave huov and the Toker, atter correction, are presented as signi-
ti-ant vilues.  Experfence has tndioaced that wave helghts noted visuallvy
b oane o haerver will penerally apree with the measored sipniticant value. [t
fmpesrant to note that o somtitcant value (s detined to be the average

othe Bienest o ope thitoo ot o the sample Vorafned
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The observed seaway 18 given as the vector addition of sea swell and
sea waves; the swell being the regular or sinusoidal component, and the sea
waves beling the wind driven componet. Wave heights as observed by the trial
director and by ship's force agree well with the measured values in most
cases, ship's force tending to agree with the wave buoy and the director with
the Tucker. Agreement between the observers, however, as to swell height*t and
sea height 1is not as good. 1In this case, the observed wave height could
suffice to give a reasonable approximation of the sea, even though its
composition may be disputed.

Figures 3, 4, and 5 present representative wave spectra recorded by
the Tucker sea state meter, corrected and uncorrected, and by the Datawell
wave buoy for Rums 13, 20, and 21, respectively. As noted in Table 3, a
correction factor based on wave encouater frequency must be applied to the
Tucker sea state meter measurement. Correlation between the corrented Tucker
measurement and the Datawell wave buoy is gocd for Run 21 where the necessary
~orrection is small. Run 13 also ylelds reascnable correlation between the
corrected Tucker and the wave buoy even though the correction factor is
relatively large. Run 20, however, shows much reduced energy in the 0.3 to
1.0 radian/cecond range for the Tucker when compared to the wave buoy. This
decreass in energy shown by the Tucker is also evident over the same frequency
range in the spectra for Run 13, but is not visible in Run 21. In general,
the correlation between the Tucker and the wave buoy 1s good for wave heights
above 6 feet. One exception 1s Run 20. This ray be explained by noting that
this run was made in darkness and seaway directionality could not be accu-
rately determined. This may also explain the c¢iscrepancies found in Runs 1,

7, and 13 since the ship's head was directed toward the sea and not the swell.

SHIP MOTIONS

Ship motions, fore and aft longitudinal strain, and transverse widship
strain are presented In Table 5. These values are presented as single
amplftude significant values. Values indicated for longitudinal and vertical

strain for all runs lie well within the design limits of the vessel. A

I . D e S



separate report presgenting the analysls of these strains will be published
in the faturz. Suip wetions, a. will be wmore thoroughly discussed, are not
abnormal for a craft of this size. While roll and pitch motion in excess
of 3 degrees single amplitude are detrimental to ship's work aboard any
craft, cnanges in course and speed may be used to effect a reduction in
these motions.

A low confidence level should be applied to the listed values of relative
bow motion due to the spray present in the measurement area. The sonlc device
used is sensitive to heavy spray and may read 1t as a false target.

Spectral energy for roll in beam seas 1s presented in Figure 6 for a
state 3 sea and in Figure 7 for a3 state 5 sea Meximum rolling energy occurs
at approximately G 80 tc 0O 85 radians pe: =zecond fcr al!l beam sea runs. This
f-equency corresponds to a rcli pericd of s/ &4 te 7.9 seccnds and establishes
-ta ratcural roll pericd of the ship te be app-oximately 7.6 to 7.7 seconds.
In practical terms, rthis means that the ship in beam seas will have the
g eatest response to waves approximately 300 feet in length. The largest
dzubl- amplitude value of ro0ll recorded duriung the trial occurred during
Ren 24. The magnitude of this parricular rcll cycle was 20.7 degrees and
i1ts peviod was 7.7 seconds. Referring to Figure 7, we find that che spectral
reak for roll energy during Run 24 lies at approximarely 0.80 radian/seconds.
This corresponds to a period of 7.85 seconds, closely agreeing with the
pericd of the maximum double amplitude excursion. From the design viewpoint,
it 1= to be noted that extreme roll anglee will tend to occur with peirilods
ranging from 7 4 to 7 9 seconds,

Wave spectra corresgonding tc head sea Runs 19, 22, and 30 are shown in
Figure 8. It will be usefuvl to refer to this figure when mctions obtained
during these runs are discussed Note that these spectra are plotted versus
frequency of encounter rather than wave frequency.

Spectral energy for pitch in head seas is preseanted in Figure 9 for a
state 3 sea and in Figure 10 for a state % sea. We see that pltch, uniike
roll, does not have 1itsgs maximum values occuiring within a discrete, rela-
tively narrow range of frequencies for a given seaway. This 1s especially

evident in Flgure 9 where pitch angles were small, being less than 0.5
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degrees significant single amplitude. When we addieus ocurselves to signifi-
cant values of pitch above + 2.0 degrees (Figure 10) we find the spectra have
a tendency to be more nearly single peaked. It is unfcrtunate, from a sea-
worthiness standpoint, that the pitch spectra for large values of pitch,
although single peaked, are quite wide. For example, in Run 22 we see that
a large amount of energy 1s contained in the frequency rarge from 0.7 to 1.1
radians per second. This indicates that the ship will respond actively in
pitch to waves whose periods of encounter range from 6 to 9 seconds. The
maximum double amplitude pitch excureion obtalned during the trial occurred
during Run 22. The magnitude of this pitch cycle was 12.8 degrees with a
period of 7.0 seconds. Referring to Figure 10, we find that a 7.0 second
period (0.90 rad/sec) falls within the range of maximum energy for pitch
during Run 22. From a design standpoint then the extreme pitch moticns will
tend to have periods of from 6 to 9 seconds.

It should be ncted that Run 22 is representative of an extreme condition;
that is, the vperators of the ORTOLAN expressed concern for the vessel during
this run. This concern was based upon the intensity of the clams and the
possibility of damage to the cross structutre.

Bow acceleration, the parameter which determines bow velocity and dis-
placement, is shown in Figure 11 and Rune 19, 22, and 30. Maximum bow acceler-
ations tended to occur at 1.05 to 1.2 radian/seconds corresponding to periods
of 5.2 to 6.0 seconds. Figure (2 presents the bow displacements corresponding
to the bow accelerations shown in Figure 11. Since displacement is related
to acceleration by frequency squared, the spectral peak of the displacement
curve occurs at a lower frequency than .he spectral peak of the acceleration
curve. Hence, maximum displacements generally cccur at lower freguencies
than do maximum accelerations. The wave spectral peaks corresponding to
Runs 19, 22, and 30, as shown in Figure 8, are indicared by the arrsws on
Figure 12. We see that maximum bow diuplacement tends to occur at the frequency
of maximum energy in the seaway. These frequencies range from 0.76 to 1.09
radian/seconds corresponding to perlods of 5.8 to §.3 seconds.

Stern displacements for Runa 19, 22, and 30 are shown in Figure 13.

Two observations are evident when we compare stern displacements to the

It AR A e T e R
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rorrespondl 7 displacements. First, the bow displacements are grearer
in magnitud: t: n the stern displacements, and secondly, their peak frequen-
cies are no. n+ essarily the eame. The fact that stern displacement war
measured at a int about 17 feet to port of the ship's centerline does not
appreciably #i. :t the magnitude or phase of the datua presented.

CROSS STRUCT MPACTS

The occu. cence of slamming is dependent upon the magnitude and phase of
the ship's vertical motions relative to the waves encountered. 1If the
amplitude of the relative motion of the cross structure, where impacts are
most likely, 1s less than the calm water clearance of the cross structure,
recognizing sinkage, trim and bow wave effects, no impacts will occur. If,
on the other hand, relative motion amplitude exceeds the calm water
clearance, impacts will occur. The vertical motion of any poiat on the ship
is prlmarily dependent on the magnitude and r“ase of its heave and pitch and
the Lcngitudinal distance of the point from tie pitch axis, larger moticns
czcurring furthest from the pitch axis. For this reason bow and stern
‘mpacts gererally occur first. The intensity of the impact is dependent
mainly on the relative velocity with which the ship and the sea meet, and
tre shape of the wave. Higher relative velocities and wore massive waves
ylelding greater intensity.

Slamming pressures were measured at the four locations shown in Figure
2. Table 6 presents the number of occurrences, average and maximum pressures
recorded, and the individual values of each occurrence for all impacts re-
corded during the trial. Note that no lmpacts were recorded in seas with
a significant height of less than approximately 7 feet as measured by the
wave buoy. Impacts were observed, however, at the mouth of the Delaware Bay
while in transit to the trial location in an observed significant seaway of
approximately 5 feet. This seaway conslisted of regular swells with a peri~
odicity of about 6 seconds. No measurements were obtained at this tiune.

Maximum impact pressures for the entire trial occurred during Run 22.

A pressure of 105.8 pounds per square inch (PSI) was recorded on pressure

£




gauge number 5 (F-5), while a pressure of 68.7 PSI was recorded on P-8,
Although no structural damage was evident at the conclusion of the trial,
pressures of this magnitude are highly undesirable and are capable of pro-
ducing structural damage to plates and stiffeners.

It should be noted that all recorded and observed impacts occurred on
the cross structure. No impacts due to bow emergence and no bow emergence
were observed while in c¢ransit or during the trial. Visual observatrions made
continually throughout the trial indicated that the foil, if installed, would

not have broken the water surface.
SELECTED MOTION COMPARISONS

Comparable full scale data for seakindliness comparisons can be closely
approached by conducting side by side trials in the same seaway with the ships
of interest. Full-scale compaiisons made between data collected at different
times and under varying conditions may be used only tc point out trends and to
show major differences in ship characteristics. Minor differences in seakeep-
ing ability are generally masked by uncontrollable variables irn the trial
conditions, the most serious being variations in swell and sea composition.

This variation in swell and sca composition, 1.e., the frequency and
encrgy content of the seaway, makes full-scale comparisons difficult. An
attempt has been made to point out tendencies of the ORTOLAN and HAYES based
on available full-scale data. It should be realized that while one ship may
appear superior in a given seaway, a change in seaway could indicate quite
cpposite conclusions. This report uses the information currently available
and reaches conclusions based on that information. The application of these
ccnclusions should take into acccunt the basis of their formation.

Comparisons based on data obtained from model experiments and/sr ana-
lytical predictions are more easily made since the parameters are wuuch more
<losely controlled. In addition, they permit a range of investigation which
cannot be matched by full-scale trials dne to cost, time, and weather

dependence. The accuracy of an analytical approach, based on model experiment

10
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data, has been shown to be acceptable at low Froude rumbers for both mono-
hulled2 and catamar&n3 vessels. The data presented in this report represente
low Froude number conditions.

The following two sections present selected motion comparisons based on

full-scale data and on analytical prediction techniqgues developed at NSRDC.
FULL-SCALE COMPARISONS

Roll and pitch angles for the OURTOLAN and three monohulled ships, see
Table 7 for particulars, are given 1in Tables 8 and 9. Table 7 also presents
the ship particulars for the HAYES. Wave heights listed in Table 8 represent
obse.ved (double amplitude) wave heights for the two trials, both observa-
tions being made by the same observer. For the five relative headings shown
in Table 8, the ORTOLAN displavs lower motions than the USS BOLSTER (ARS-38)
in all but the following sea condition. The speed and wave height differ-~
ences may account for the ORTOLAN motions being greater than those of the
BOLSTER in the following sea condition.

Table 9 presents single amplitude significant pitch and roll angles for
the ORTOLAN, the USNS GILLISS (T-AGOR-4) and the frigate 0.W.S. WEATHER
REPORTER. Note that ship speed for the ORTOLAN is lower than for the GILLISS
or the WEATHER REPORTER. For the conditions shown, the ORTOLAN's roll and
nitch are not significantly different than those for the monchulled ships.
Based on these comparisons, ~he roll and pitch motions of the ORTOLAN are
seen to be similar to those of monohulled shirs of the same general lenygth.

Although roll and pitch are comparable, the consequences of the induced
motions are quite different. When the freeboard is exceeded on a monohulled
ship, deck wetness and spray can occur. Exceeding the freeboard on a

catamaran is usually equivalent to the beginning of cross structure impacts.

2 Frank, W. and N. Salvesen, ''The Frank Close~-Fit Ship Motion Computer
Program,' NSRDC Report 3289 (June 1970).

3 Jones, H.D., 'Catamaran Predictions in Regular Waves,'" NSRDC Report
3700 (Jan 1972).

11
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These impacts may result in much increased hull girder loads, cross
structure damage, and a generally uncomfortable condition for all aboard.
Additionally, spray generated by the inboard hull =dges and the forward
edge of the cross structure will not clear itself of the ship, but instead
can impair the vision of those in the pilot house by wetting the windows.
During the ORTOLAN trial, spray was evident on the pilof house windows

as early as Run 2 and the forecastle area was secured during Run 8 and
several subsequent runs.

The increased beam of thr catamaran, while providing the advantage of
more usable deck area, also produces generally higher deck edge accelera-
tions than would be found on a monohull of the same length and/or displace-
ment. Run 34, which was recorded whil= the ORTOLAN was in a fore and aft
starboard two poilnt moor, 1S represeatatlve ot an operaticnal ship con-
diticr in which the bridge crane arws were extended and the bridge crane
used. During all other ru:s, the bridge crane arm was secured. Ship's
work proceeded ncrmally de:iing this run indicating that the increase in
deck edge acceierarion was not detrimental to ship's operations.

Figure 14 presents a compariscn between the ORTOLAN and the HAYES for
wave helght ard pitch spestra during similar runs at 5 and 12 knots. Note
that both ships are catamarans and have approximately the same length
(Table 7). Both Figure 14 and particulars given in Table 10 represent the
HAYES prior to the installation of the between hull foil. Note also the
scale changes within the figure. Referring to Figure 14, we see that the
HAYES also tends to pitch with a frequency close to the frequency of maxi-
mum wave energy, as was discussed for the ORTOLAN At S knots the magni-
tude of pitch was comparable for -he two craft even though the ORTOLAN was
operating in a higher seaway At 1z kncts the ORTOLAN recorded a signifi-
cant pitch angle less than one half that recvrded for the HAYES, with the
ORTOLAN operating in a somewhat lower seaway.

Based on this data, we see that roll and pitch motions for the ORTOLAN
are comparable to roll ard pit:ch motions for monohulled ships of the same
general length and that the ORTCLAN displays pitch characteristics that
are comparable to, or better *han, those of the HAYES prior to the instal-

lation cf the fc1l.

12
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ANALYTICAL PREDICTION COMPARISONS

Prior to the installation of the foill on the HAYES, reports of abnormally
large ship motions prompted an analytical investigation which compared the
HAYES to nther craft of the same general length. Table 10 presents the
particulars for the ships used in the investigation. The HAYES and the
ORTOLAN (D) represent the craft as configured during the full-scale trials.
The ORTOLAN (M) represents a modified design of the ASR class. The major
differences between the ORTOLAN (D) and ORTOLAN (M) are in length and dis-
placement. The differences between the three catamarans are in the hull
particulars rather than in the lines. The USNS ROBERT D. CONRAD (AGOR-3)
and USNS MELVILLE (AGOR-14) are monohulled craft used for oceanographic
research with hull characteristics similar to the catamarans. The lines of
these mon~hulls differ in that the MELVILLE has a slightly bulbous bow and
flatter bottom aft. Ship "X" consists of a design using the MELVILLE lines
and beam to draft ratio with a length and displacement equal to the HAYES.

Figure 15 presents predicted significant single amplitude pitch in
state 5 and 6 head seas versus ship speed for the six craft discussed. We
see that the HAYES does display relatively large pitch motions with the
modified ORTOLAN only somewhat better. The 'as built'", or existing ORT N,
is inferior to the three monohulls, except for Ship "X" above 12 knots.

Note that Ship "X" is worse than the MELVILLE, indicating that a penalty is
paid for increasing the beam, draft, and displacement. Note also that the
ORTOLAN (D) has minimum pitching at zero speed.

Single amplitude significant relative motion at Station 2% (approximately
Frame 15 on the "as built' ORTOLAN) is shown in Figure 16 for state 5 and 6
head seas versus ship speed. Again the HAYES displays the worst motions with
the ORTOLAN (M) only slightly better. The "as built" ORTOLAN (D) is superior
to the HAYES and ORTCLAN (M), but jinferior to the monohulled ships at all
but the lowest ship speeds.

Figure 17, precenting the relative motion transfer function in head

seas at 10 knots for Station 2';, shows that relative motion for the catamarans

13
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is highly tuned to frequency* and 1%, tc 2% times greater in magnitude than for
the monohulled ships. Again 1t is indicated that tte HAYES displays the worst
characteristics while the ORTOLAN (D and M) are inferior to the monohulls but
superior to the HAYES. Most important is the fact that at resonance the
catamarans will display very large relative motions. Hence, care should be
used when describing these motions for a given sea state since the frequency
distribution of wave energy contained within the sea state determines the
magnitude of relative mction which may be expected. This analytical investi-
gation was conducted using Pierson-Moskawitz sea spectra for fully risen seas.
Comparisons between motions obtained here and mstions obtained for seaways

of different content should be made with caution

Summa+izing the resuirs ;f rhe tocvegring :mparisons, we have the
following:
a The "as built' HAYES dispier: a grzatec - penvity ¢ pitch and has

greater relative bow mctlon thar dces the Mas b.oiit'" ORTOLAN.

" condition are more

b. Both the HAYES and ORTOLAN 1n the "as hui.t
sensitive ro the frequenicy -t :=vaway energy thar. are monohulled ships of the

same general lergth.
IMPACT CCMPARIZON

In comparing cross =tr.-t.re impacts, 1t must be noted that the calm
water clearances of the --oece srru-tures tur the ORTOLAN and the HAYES are
not the same. Minimum clearan.e .u the CRTOLAN was approximately 7% feet
(uncorrected for stnkage, t:1m and o.Ww w~ove etfects) during the trial.
Pressure gauges, as installed, wecc approximately 9 feet above the calm
water surface (see Figure 2). 1The minimum clearance for the HAYES was
approximately 10 feet (uncorrected !or sinkage, trim and bow wave effects).
This difference 1n clearance gives the HAYES an advantage in that the HAYES

can undergo larger relatlive moticns without incurring impacts. Figure 2

* =! -
wy = 0.917(+°L) 4 0.441(0/L) 1 for Figure 17
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shows that after modification the ORTOLAN will have a minimum c¢learance
of about 9 feet and the clearance from the forward edge of the cross
structure to Frame 195 will be increased to approximately 11 feet. It

is expected that this increase in clearance will result in fewer and less
intense impacts on the forward cross structure.

The full-scale trials conducted aboard the HAYES included a rather
detailed investigation of impact pressures occurring between Frame 16 and
Frame 19 of the cross structure. Impacts occurring at Frame 25% were
recorded but have not been analyzed in detail. Figure 18 shows the location
of the pressure gauges as installed aboard the HAYES. Table 11 presents
impact data obtained during the HAYES pre-foil trial. Referring to Figure 2,
we find that pressure gauge 5 of the ASR corresponds mcst closely with
gaiges 3.1 and 3.2 of the HAYES. While pressures obtained from gauges 3.1
and 3 2 are not presented due to currently incomplete analysis, the maximum
value cbtained in head seas, 9.5 foot significant wave heighr at 12 knots,
was approximately 130 PSI. Studies of the HAYES data show that pressures
obtained from gauge 1.1 - 1.8 are indicative of the pressures obtained
fer gauges 3.1 and 3.2. Comparing the 12 knot run found in Table 11 for the
HAYES with Runs 19, 22, and 30 found in Table 6 for the ORTOLAN, we find
the follcwing information. The HAYES generally experienced higher maximum
pressures, more 1impacts, and higher average impacts. If the ORTCLAN had
run 1z knots during Rua 22, impacts may have been greater than those of the
HAYES. We note that when the HAYES increased from 12 to 16 knots, with a
small increase in seaway, the maximum impact pressure went from 139 PSI to
205 PSI. The ORTOLAN running 11.5 knots in a nominal 8 foot head sea (Run
30) did not experience impacts of concern.

The occurrence of impacts on the after cross structure is also indicated
by Table 6. Trials aboard the HAYES indicated that while after cross
structure impacts did occur, their severity did not warrant a detailed
investigation. In the analysis of the HAYES impact data, slams of 20 PSI
or less were not regarded as significant With respect to the after cross
structure impacts recorded for ORTOLAN, 84 percent were less than 10 PSI

while less than 4 percent were over 20 PSI.
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Tables 6 aud 1! indicate that both the ORIQOLAN and the HAYES have cross
structure impact problems in the "as built'" condition which degrade the
usefulness of the craft. Comparisons of piich and r1elative motion at Station
2’;, as presented, indicate that the prablem is comparable for the two ships

even though the ORTOLAN has less cross structure clearance.,

DISCUSSION OF TRIAL RESULTS AND COMPARISONS

The primary purposz of the trial was to establish a baseline set of data
against which post-foll results :zould be compared. Tables 5 and 6 have pre-
sented sufficient "as built' seaworthiness characteristics to allow such a
ccmparison to be made ass.ming equivaient Jdala 1s chbtalned during the post-
fo41 trial.

A cezondary purpose was r. Characterize the ' Liient seawcrrthiness problems
encountered by thils class of sh.j it 15 ceen tha* (r>ss structure slamming
is the major prcblem since it 1nrte:steres with the abiliity of the ship to
transit during andsor between m:ssions, and 1s capable cof preducing struc-
tural damage to the ship. Such stru:tural aamage has occurred on an earlier
deployment Tre major cause c¢f <his s zmming 1s due to insuffi:ient clearance
and the large expanse ci relatively tlat surtace whith 1s expcsed orthogonally
tc the sea in the tcrm of the between hull cross structire. Figure 10 has
shown that large values of pitch can ocrur across a relatively wide range of
frequencies. Figure 12 has shouwn that bcw displacement tends to occur at
the frequency cf maximum energy ot the scaway, while Figure 17 has shown
that relative morion near the tirward cdge ¢! the _ross structure is highly
tured, thus aggravacing the probiem. This means simply that cross structure
slarming .an, and will, occur (a+s =1, wn 1 lable 6, in almost any seaway whose
signifi-ant wave helgnht 1s approx:mar-iy / teet or above tor head or bow ship
headings relative to the waves This slamming :s attributable to the wide
trequency response of pitch combined with the heave zf the ship. Indeed,
Cross stru.ture slamming wili o..ur auting much lower wave conditions 1f

the encounter frequency s near the resonant frequern y of velative motion




between cross structure and seaway. The experience at the mouth of the
Delaware Bay is indicative of this type of slamming.

It 18 also found that while the HAYES AND ORTOLAN exhibit similar
ship motion responses, the HAYES demonstrates a greater propensity to
pitch and slam. The obvious question is: "Has the addition of a between
hull foil improvad the seaworthiness of the HAYLS and, if so, will a
similar foil improve the seaworthiness of the ORTOLAN?'" This question
may be answered in twe parts; first, veports from the operators of the
HAYES state that before installation of the foil a loss in operating time
up to 50 percent was reported in moderate to heavy seas. Since the
installation of the foil (approximately 7 months prior to the statement)
r> loss in operating time was experienced which could be attributed to
the ship's performance or an inability tc meet the mission requirements.

The report goes on to state that the post-fix of the HAYES has yielded

an oceanographic ship having better performance characteristics than any
other 1J.S. oceanographic vessel. From this report it may be said that

the operators of the HAYES feel the addition of the foil did significantly
improve the seaworthiness of the HAYES.

Investigationsa into the design of ocean catamarans indicate that the
addition of the foill reduced the relative bow motion of the HAYES by about
30 percent resulting in a corresponding reduction in frequency and magnitude
of cross structure slamuming. This investigation also points out that
rolling and corkscrew motions were also reduced, resulting in a significant
improvement in the general seaworthiness of the HAYES. “The second part
of the question may be answered by noting that the HAYES and ORTOLAN display
similar seaworthiness characteristics in the "as built" condition, with
the ORTOLAN being generally more seaworthy, and that available data indicate
that the ORTOLAN should respond similarly to the HAYES with the addition

of a between hull foil.

4 Hadler, J.B. et al., "Ocean Catamaran Seakeeping Design, Based on the

Experience of USNS HAYES," Presented at the Annual Meeting, Society of
Naval Architects and Marine Engineers, November 14-16, 1974.
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CONCLUSIONS

1. Cross structure wave impacts in the "as built" condition occur with a
frequency and intensity that 1s detrimental to the usafulness of the ASR
class. These impacts negatively affect the seaworthiness of the craft to

a point which is unsatisfactory, i.e., damage plating and footings, cause
crew discomfort, and force course and speed changes.

2. Ship motione are not abncrmal for a ship of this length.

3, Wave impacts, pitch, and relative motion at Station 2% appear to be less
severe for the ORTOLAN than for the HAYES.

4. The ORTOLAN should respond to the addition of a between hull foil in a
manner similar to that of the HAYES, thcreby realizing a significant reduc-
ticn 1n cross structure impacts and yielding acceptable seaworthiness charac-
teriscics.

5. The betweer hull foill should not break the water surface during any
operational ShJ; condition in state 5 seas or below.

6 Strain meas.rements obtained indicate that the main structural integrity

of the ship w:. not endangered during the trial.
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TABLLE 1 -~ TAPE RECORDER AND CHANNEL DESIGNATIONS

FOR TRIAL MEASUREMENTS

Tape Recorder A%

cucker Sea State Meter
Mode

Waverider Buoy

Bridge crare arm accel
Pitch angle

Surge acceleration
Roll angle

Ship's speed log
Vertical dacceleracion
Sway acceleration
Ultrasonic (Relative B
Yaw angle

Bow acceleration

Tucker Sea State Meter
(Duplication)

eration

ow Motion)

p—

—

= md et
=~ N
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Tape Recorder B*#

Vertical acceleration
Pressure gage P-5
Tucker Sea State Meter
Pressure gage P-6
Pitch angle

Pressure gage P-7
Roll arnygle

Pressure gage P-8
Bow acceleration

Mode

Strain Bulkhead 37
Strain Bulkhead 55
Strain Bulkhead 96

waverider Buoy

* Ampex CP-100 Environmental Recorder, Double Bandwidth, 1 7/8 ._s.

** Ampex (CP-100 Environmental Reccrder, Double Bandwidth, 3 3/4 ips.
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TABLE 2 - TRIAL MEASUREMENT TRANSDUCER LOCATIONS

Measurement Trensducer Locaticn(s)

Tucker Sea State Meter Outboard port and starboard hulls,
8%" forward of frame 53, 7'R" above
baseline

Pressure Gauge P-5 Bottom plating of cross structure,
16" port of centerline, 7" aft of
frame 23

Pressur~ Gauge P-6 Bottom plating of cross structure,

16" port of centerline, 11" forward
of frame 45

Pregsure Gauge P-7 Bottom plating of cross structure,
16" port of centerline, 7" aft of
frame 87

Pressure Gauge P-8 Bottom plating of cross structure,
16" port of centerline. 9" aft of
frame 108

Longitudinal Strain 37 Bulkhead 37, 8%' starboard of center-
line, 6" below main deck in void
2-21~-0-V

Longitudiral Strain 96 Bulkhead 96, 8%' starboard of center-
line, 6" below main deck in void
2-84-0-V :

Vertical Bending Strain 55 Outboard port and starboard sheet
strake in passageways S-2-52-1-L and
P-2-52-2-~L

Bridge Crane Acceleratlon 52' ABL, frame 68 (frame 84, extended),
aft port bridge crane arm. 43' port of
centerline (75' port of centerline,
extended)

Bow Acceleration Centerline at tip of 7 ton bow boom,

approximately frame 2%, 29%' above
calm wvater surface
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TABLE 2 - TRIAL MEASUREMENT TRANSDUCER LOCATIONS (Cont.)

Measurement Transducer Locatlon(s)
Ryan Radar Unit (Sonic) As for bow acceleration
Yaw Angle (Ship's Ccurse) Ship's gyrc, approximately S-4-~33-D%
Pitch and Roll Angles, Sway Centerline at frame 87), 14%" above
and Surge Accelerations main deck
Ship's Speed Log P-5-27-1-T*
Vertical Acceleration Centerline at frame 87%, 14%" above

main deck

Waverider Buoy (Launched) Buoy launched in seaway (measures
sea state)

Waverider Buoy (Secured) Port hull fantail, 5'9" forward of
stern deck edge, 1'8" port of center
well deck edge. (Measures relative
stern motion)

* Standard naval nomenclature for compartment locations,
P indicates port hull, S indicates starboard uull.
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TABLE 3 - BRIEF COMPARISON OF THREE WAVE MEASUREMENT METHODS

Measurement Methnd Ldvantages Disadvantages
Datawell Wave Buoy A. Performed well in accuracy A. Gives wave profile
trial conducted at NSRDC at a point other
than ship‘'s actual
position.
3. Does not require modifi- B. Requires deployment
cations to vessel into seaway and
attendant reccvery
C. After deployment measure~ C. Pceseibllity of loss
ment is independent of if unattended

ship's movement

Tucker Sea State Meter A. Gives wave profile at A, Accuracy dependent
ship's position allow~ on wave frequency
ing wave by wave analysis requiring a conrrection
vice statistical analysis factor to be applied
B, Ready for use anytime after B. Requires thru hull
warm-up period (self con- penetration of vessel
tained on vessel) belc - waterline

C. Works best at zero
speed in head seas

Visual Observations A. Height and relative A. Subjective judgment

direciion of seaway cf obsarver(s)
established immediately

22
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TABLE € - SUMMARY OF CROSS STRUCTURE IMPACTS OCCURRING DURING PRE-FIX TRIAL

RUN 19 - HEAD SEAS, 6.3 KNOTS, LOW SEA STATE €

I A A At e e N

—
P-5
N =10 5.7 18.0 5.7 2.1
AVERAGE = 6.9 3.6 12.9 7.0
MAXIMUM = 18.0 2.1 7.2 4.3
P-6
N = 14.2
p-7 5.7 7.1
No=5 15.7
AVERAGE = 7.2 5.8
MAXIMUM = 15.7 2.0
P-8 4.1 2.7 8.2 15.3 13.6 1.7 8.5 1.4 4.4
N= 35 3.4 10.5 6.1 6.8 1.0 3.4 6.8 11.6 3.4
AVERAGE = 6.3 2.0 17.7 1.2 14.3 14.3 1.4 6.8 1.0 9.5
MAXTMUM = 17.7 7.8 4.1 3.4 8.2 B.2 4.4 4.1 3.4




TABLE 6 - CONTINUED
RUN 22 - HEAD SEAS, 5.3 KNOTS, HIGH SEA STATE 5

T T T T TN T

IR ki A A o

P-5
N = 22 10.7 141 4.5 357 243 7.1 4.4 14,1
AVERAGE = 18.5 4.3 170 7 857 7.0 7 7.
MAXIMUM = 105.8 [ 17.1 7.1 105.8  21.4 7.2 4.2 12.8
P-6
N= 5.7
P-7
=12 35.7 3.6 5.8 5.0
AVERAGE = 7.9 3.6 56 3.6 8.6
MAXIMUM = 35.7 7.1 5.8 4.3 8.6
P-8
N = 21 3.4 3.4 9.9 6.8 8.8 2.8 24.5
AVERAGE = 10.5 | 6.1  68.7 4.1 5.0 3.4 10.2 23.8
MAXIMUM = 68.7 | 1.0 7.5 51 35 5.1 1843 2.7

RUN 24 - BEAM SEAS, 5.0 KNOTS, MID SEA STATE §

P-5
= 0

P-6
=0

P-7
=1 2.1
8
= 0




TABLE 6 - CONTINUED

RUN 25 - BOW SEAS, 7.0 KNOTS, MID-SEA STATE 5

P-5

No= T 5.0 7.1 4.7 2.9

AVERAGE = 6.4 7.1 2.1 4.3 2.9

MAXIMUM = 14.3 | 12.9 7.4 14.3

P-6

N=0

p-7

N o= i5.7

P-8

N o= 12 2.7 1.7 3.4 6.8

AVERAGE = 6.1 12.6 4.1 a.8 8.2

MAXIMUM = 13.6 13.6 4.8 4.1 6.8
27



RUN 26 - FOLLOWING SEAS, 7.0 KNOTS, LOW-SEA STATE 5

TABLE 6 - CONTINUED

P-5
N =8 7.1 7.1 8.6
AVERAGE = 7.1 5.7 3.6 9.3
MAXIMUM = 9.8 8.6 7.1
P-6
N =1 7.9
p-7
N =0
P-8
N =10 4.1 3.4 3.4 1.4
AVERAGE = 3.7 3.4 3.1 2.7
MAXIMUM = 8.5 8.5 4.4 2.7

8
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TABLE 6 - CONTINUED

RUN 29 - BEAM SEAS, 12.5 KNOTS, LOW-SFA STATE 5

=
"
o

p-8
N =25 3.4 27.2 2.7 10.2 3.4 4.7 4.
AVERAGE = 5.4 2.7 3.1 2.4 6.8 4.8 4.4 2.C
MAXIMUM = 27.2 3.4 13.6 3.1 3.4 4.4 6.5 3.1

3.7

(S I~ O
o &~

'
~.,




TABLE 6 - CONTINUED

RUN 20 - HEAD SEAS, 11.5 KNOTS, LOW SEA STATE §

haa

P-5

N=23

AVERAGE = 6.7
MAXIMUM = 9.3

N =2
AVERAGE
MAXIMUM

7.9
8.6

K

P-8

N =17
AVERAGE
MAXIMUM

¢.5
12.2

[FX I < ¥
L S T -

(¢,
—

3.4
3.6
3.4

3.4
7.5
1.7

1.7
2.0
12.2

2.4
3.2
4.

11.5
3.1

i el
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TABLE 8 - COMPARISON BETWEEN THE ORTOLAN AND THE BOLSTER FOR
SINGLE AMPLITUDE SIGNIFICANT ROLL AND PITCH

Relative Ship Speed Wave Height Pitch Roll
Heading ORTOLAN BOLSTER ORTOLAN BOLSTER ORTOLAN BOLSTER ORTOLAN BOLSTER
Head 2.6 2.9 3.8 4.5 0.46 1.57 0.75 1.76
Bow 1.0 2.9 5.1 4.9 0.68 1.55 0.90 3.06
Beam 3.9 2.9 4.3 4.9 0.68 1.25 0.65 3.76
Quartering 3.0 2.9 3.8 4.5 0.52 1.16 1.21 3.83
Following 7.0 2.9 €.R 5.8 1.75 1.21 2.19 1.85

TABLE 9 - COMPARISON BETWEEN THE ORTOLAN, GILLISS AND THE 0.W.S.
WEATHER REPCRTER FOR SINGLE AMPLITUDE SIGNIFICANT
PITCH AND ROLL ANGLES IN HIGH STATE 5 SEAS

Relative Ship Speed Pitch Roll

Heading NRTOLAN GILLISS WEATHER ORTOLAN GILLISS WEATHER ORTOLAN GILLISS WEATHER
REPORTER REPORTER REPORTER
Head 5.3 8 9.1 4.5 6.2 4.3 2.9 3.1 5.3
Bow 6.9 8 9.8 3.7 4.9 3.7 5.2 5.9 7.5
Beam 5.0 8 10.7 1.9 2.4 0.7 7.1 6.7 1.0

32




TABLE 10 - PARTICULARS OF SHTPS USED IN MAKING ANALYTICAL COMPARISONS

Particular

Type of Ship
Length in Feet

Beam (Single Hull)
in Feet

Beam (Overall)
in Feet

Draft (Station 10)
in Feet

Displacement
in Long Trns

Hull Separat:i.n
in Feet

CG Aft of FP
in Feet

Longitudinal Radius
of Gyration

Block CZoefficient
Beam/Draft
l.ength/Beam

Length/Beam
(Dverall)

HAYES ORTOLAN ORTOLAN MELVTLLE CONRAD SHIP 'X'
() M)
Catamaran Monohull
220.0 240.2 230.0 2:0.7 197.0 220.0
24.0 26.0 26.0 46.0 37.0 54.0
75.0 86.0 86.0 46.0 37.0 54.0
18.9 22.4 19.9 15.4 14.6 21.2
3124 L4 .3 31540 2074 1313 3124
27.0 34,0 34.0 -— - -—
111.2 122.7 1131.9 111.1 102.1 114.0
0.251. 0.251 0.251 0.24L 0.724L 0.241L
0.54 0.60 0.57 0.46 0.44 0. .44
1.27 1.16 1.37 3.00 2.54 2.54
9.17 9.24 B.35 4.80 $.32 4.07
2.93 2.79 2.67 4 .80 5..2 4.07
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ROLL FREQUENCY, w_, RAD/SEC

Figure 6 - Spectral Energy for Roll in Beam Seas, State 3 Ses,
8t 3.9, 69and 12.0 Knots
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Figure 7 - Spectral Energy for Roll in Beamn Seas, State 5
Seas, 51 1.7, 5.0, and 12.5 Xnots
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PITCH ENERGY SPECTRA, S, (w), DEG? - SEC/RAD

.24

20
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08
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T T T ml
HEAD SEAS - STATE 3 SEA
r~ RUNNO. (6,),,, SHIP SPEED
\ (DEG)  (KNOTS)
[~ I : — 2 0.3 7.2 7
) \ —-——-g 0.30 118
I ——14 046 26

_ / \ .
/ ' | \ . /N
[ [/ \ N
) \ \
\ \

- \ \

. \\ /// //" -~
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PITCH FREQUENCY, w_, RAD/SEC

Figure 9 - Spectral Energy for Pitch in Head Seas,
State 3 Ses, 8t 2.6, 7.2, and 11.8 Knots
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PITCH ENERGY SPECTRA, S, (), DEG? - SEC/RAD

. £ PR RETER TR T A e

T | |
HEAD SEAS - STATE 6 SEA
RUN NO. (GA), ;2 SHIP SPEED
{DEG) (KNOTS)
—_— 452 53
— e e e 19 2.00 6.3
—— s e 30 2.43 115
284
20 }—
16 —
12+
8
4
4]
04 c.6 08 10 1.2 14

PITCH FREQUENCY,w_, RAD/SEC

Figure 10 - Spactral Znergy for Pitch in Head Seass, for
State 5 Ses, 01 5.3, 6.3, 11.5 Knots
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BOW ACCELERATION ENERGY SPECTRA. S

180
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140

120

g

80

HEAD SEAS - STATE 5 SEA
RUN NO. BOWACC SHIP SPEED

{G'S) (KNOTS)
22 0.682 53
——————— 19 0.458 6.3
U ) 0530 115

0.6 08 1.0 12 14 1.6
BOW ACCELERATION FREQUENCY ,w_.RAD/SEC

Figure 11 - Spectral Energy for Bow Acceleration in Head
Seas, Stare 5 5ea,8t5.3, 6.3, and 11.5 Xnots
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BOW DISPLACEMENT ENERGY SPECTRA, S‘(w), Fr_ SEC/RAD
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T T i T T T
RUN NO. BOW DISPL.  SHIP SPEED
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22 125 5.3

—m 19 5.6 6.3

e ctrmrm + 30 78 11.5

* INDICATES WAVE

* ENERGY PEAK

/"\’

. /
L L\ ]

04 0.6 08 1.0 1.2 14

BOW DISPLACEMENT FREQUENCY, W RAD/SEC

Figure 12 —- Spectrat Energy for Bow Displacement in Head
Seas, State 5 Sea, 81 5.3, 6.3, and 11,5 Knots
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STERN DISPLACEMENT ENERGY SPECTRA, S, lwh FT_ SEC/RAD

100

80

40

20

T 1 ] T T
HEAD SEAS — STATE 5 SEA
RUN NO. STERN DISPL. SHIP SPEED
(FEET) (KNOTS}
B —_— 22 8.4 5.3
———19 42 6.3
—— 30 45 15
o _
|
f—
04 0.6 08

STERW DISPLACEMENT FREQUENCY, w RAD/SEC

£

Fiqure 13 — Spectral Energy for Stern Displacement in
Head Seas, State 5 Sea, at 5.3, 6.3, and 11.5 Knots
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SINGLE AMPLITUDE SIGNIFICANT FiTCH, ((?A)1 .. DEGREES

-
(=]

o

STATE & SEA STATE 6 SEA
! I
1-HAYES
2-ORTOLAN (M) CATAMARANS
3-0ORTOLAN (D)
. 4-CONRAD
5. SHIP'X' MONGHULLS
6 - MELVILLE

7 0 7
SHIP SPEED, U, KNOTS

Figure 15 - Comparison of Pitch Angies versus Ship
Speed in State 5 and 6 Head Seas
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SINGLE AMPLITUDE SIGNIFICANT RELAYIVE MOTION AT STATION 2%, 2, FEET

SHiKF S EED, U, KNOTS

Figure 16 - Compasison of Relativ: Motion ot Station 2%
versus Ship §eed in State 5 and 6 Head Seas
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