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ABSTRACT

Stress, wave, pressure and motion data were
collected on a 1,000 ft Great Lakes Ore Carrier,
the M/V STEWART J. CNRT, from mid October through
mid December 1979, Response Anplitude Operators
(RAO's) calculated from tiwe data show the springing
response of such ships to he sensitive to ship
speed, draft and wave to ship angle of enronntar,
Comparisons of measured RAO's from the collected
data with analytical RAO's calculated by the
Anerican Bureau of Shipping (AB3) and Webb Institute
of Naval Acchitecture (WEBB) show the ABS springing
model to give good estinates of the ship midship
bending response, while the WEBB springing model
tends to over-estimate the ship bendting noment
response. A method for predicting the combined
wave induced and springing bending stresses, hased
on the statistical properties of the midship ‘bending
stress response spectrum, gives a generally conservative
estimate of the maximum single amplitude midship
bending stress. The comodined lateral and vertical
bending stresses for bow sea headings examined is seen
to produce a maximum deck edge stress which averages
_ 8 percent higher than the maximum vertical bending
stress. Torsional stresses were found to be negligible
for the head and how sea cases this project concentrated
on. Comparison of the on bhoard wave neasuring system
system with wave rider buoys and visual estimates
of wave height indicates the on hoard system (a Collins
radar altimeter) to be an acceptable method of wave
measurement. Further validation tests are required,

ADMINISTRATIVE INFORMATION

The work described herein was performed hy the Ship Structures Divistion of
the Structures Department at the David W. Taylor Naval Ship R&D Center (DTNSRDC).
The wave and stress measurements and analysis of springing response wJas pgrfnrneq
under funds provided by the U,S. Coast Guard Guard HI?R~Z-7599-3—35117-53._ This
work was performed at DTNSRUC under work unit 1730~603, The ship moti;n-apd
pressure measurements were performed under funds provided by the Ship Sttqétufe

Committee MIPR-Z7OQ90-U-02259 and Project Order No. N6519779PQ90714.VLTh1§ Qﬁrk was

performed by DTNSRDC under work units 1730-400 and 1730-613,




INTRODUCTION

This| report summarizes the data collected on board the Great Lakes Ore
Carrier M/V| STEWART J. CORT during the 1979 fall shipping season and presents the
results-of the data analyses in an attempt to develop a better understanding of //;

springing induced stresses. Data collected includes wave, stress, motion and

pressure responses frém transducers located throﬁghout the ship. Data was col-
lected from)mid October through mid December 1979 as the CORT made round trip

transits between Burns Hatrbor, Indiana and Burlington Ore Docks-Superior, Wisconsin,

via Lakes HLchigaq and Superior. 1In all, data was collected during seven round trips.
Priery émphasis'in this repért is placed on the analysis of wave

and stress Lata recorded during the data collection period to: '
(1) Determine how springing and wave induced ltresses.combine and

(2) Evaluate the validity of existing analytical springing models.

Data runs were 25 minutes in duration with most data taken during periods when the

T ——

ship was encountering head or *-w seas. All analyses reported herein will be
concerned with these runs. Pressure data from 15 pressure transduceré loéated in
the CORT's fotward quarter were also recorded. A preliminary analysis of this data
was also performed and presented.

The b@lk of the data analysis, however, centered on the exayination of the
midship vertical bending s;tésaes and measured wave heights to calculate Response
Amplituae OPerators (RAO'8s) to help develop a better understanding of springiﬁs.
Comparisons are made between calculated RAO's from thé data collected and
analytically generated RAO's for the same ship conditions. The relationship be- | 4

tween springing and wave induced stresses and how these stresses combine to produce

a maximum 18 examined in the frequency domain. Measurements were also made of

midship latéral bending and torsional stresses since measurements concentrated

PRy
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on head and bow sea cases. The magnitudes of the torsional stresses recorded were -
wuch smaller than the midship vertical bending stresses. Magnitudes of tor;ional
stresses were very small (less than 200 psi) and are reported herein. Lateral
bending stresses were combined with the midship vertical bending stress in the
time domain to determine the peak deck edge stresses recorded during certain
runs. |

Comparisons are also made between the shipboard wave measuring system and
wave rider buoys launched in the near proximity of the ship. Two systems were '
employed on board the CORT to'measure wave heights during these trials. The first,
a Collins Radar Altimeter was mounted on the ships bow and the second, a microwave
radar previously used on the SEA-LAND MCLEAN (SL-7) evaluation (reé 1) was mounted
on the CORT pilot house top. Both systems were configured and installed by the
Naval Research Laboratory (NRL). The NRL system was performing unreliably and
ceased functioning during the trials period. All wave measurements reported herein
are based on the Collins Radar Altimeter.

A 0N~

A compleée list of measurements made on the CORT during the Fall 1979 trials
is listed in Table 1 and tﬁe locations of these measurands are given in Figures 1
through 3, The data acquisition system (DAS) equipment locations for these trans-
ducers are given in Figure 2. Calibrations of transducers were performed at
DINSRDC, where applicable, and shipboard regularly as part of the data collection
process. A description of calibrations performed a;d transducer gensitivities is
given in Appendix A.

All data collected was stored digitally on magnetic tape using data

acquisition softw;fe developed by DTNSRDC. A PDP 11/03 computer was used to

control the collection and storage of the digitized data on magne'ic tape. A




" description of the data format used in storing the data on tape is given in

Appendix B. The data for each run was stored on magnetic tape in the form of
analog to digital (A/D) computer counts. All data analyses are computed using the
A/D counts and converted to engineering units (EU) after computations are completed
by multiplying the value computed in A/D counts by the Computer System Sensitivity,
which is the A/D computer counts to EU conversion factor. Sensitivities for all

data channels to convert from computer counts to engineering units can be found in

Appendix A.

A listing of ship conditions (draft, speed, heading, location), and sea
and wind conditfons at the start of each data run are contained in header logs
vhich were stored on magnetic tape as part of the data for each run. A listing of
the header logs for all data runs conducted during the fall trials season is given
in Appendix C. Appendix C also briefly explains the entries into the header logs
and how each entry was determined.

All measurands were recorded during each data run made with the following
exceptiong. Wave informatton from the wave rider buoy was collected only oﬁ the
runs designated as "buoy runs.” These "buoy runs” were accomplished only when the
buoys were deployed from CORT by a U.S. Coaﬂ# Guard helicopter.' The helicopters

were stationed at the Traverse City, Hichigjp‘and Chicago, Illinois USCGAS and
H
would rendezvous with CORT as conditions pe iitCed. The buoys would be picked up

from the CORT's deck by the helicopter, depioyed 3 miles forward of the CORT's

course, data were collected as the CORT approached and past the buoy, and the buoy
would be reirieved by the same helicopter and returned to the CORT deck. 1Ia all
only two such runs were completed. The NRL micro-wave radar ceased functioning

for the last two round trips and no NRL wave data is available for runs 91 through

119. Additionally, the NRL radar consistently had long periods of drop out
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(no signal) during most data runs and for the data runs with littlolor no drop
out, the calculated wave heights from the NRL oignnl were far in excess of vilual‘
estinates of the exiating waves. The Collins Radar altimeter also exhibited
occasional drop outs but of much shorter duration and less frequently than did the

WRL. The Collipu Radar ‘drop outs were compensated for in the software by linearly

~ connecting the last valid data point before a drop out (of less than 2 seconds)

with the next valid dati point after a drop out, interpolating for the missing
data, and then performning the wave height anniyni:. Runs with drop outs of more
than 2 seconds were not included in the data analysis. TFor this reason, oﬁly the
vave heights arrived at using the Colliins radar were en@loyed-for data analysis.

Pressure gages six and fourteen became unreliable during the data collection season,

- even though both gages performed according to manufacturers specifications during

laboratory calibrations and upon installation in August of 1979. Gage fourteen
became unbalanceable shortly after the data collection season began. Bridge resis-
taﬁcé values were checg;d for the gage and found to be out of the typical range of
resistances lpécified for these gages, indicating internal gage damage. All wiring
vas checked from the instrumentation to the gage and found to be in good condition.
Pressure gage six was balanceable and gave the expected bridge output when chunted.
with a calibration resistor. However, this gage exhibited occasicnal voltage jumps
in excess of those gages positioned in the near proximity of this gage. All
cabling and connections were checked ana found tb be good. Different sets of
signal conditioners were also used with this gage, with the same voltage jumps ex-
hibited. The gage should be considered unreliable for data analysis purposes. Re-
placement of these gages as trials progressed was deemed unfeasible since gage
replacement would require the use of diverl. The reliability of the bottom bending

gage became questionable as data analysis progressed and is discussed in Appendix A.

o




DATA ANALYSIS AND PRESENTATION
GENERAL OVERVIEW

Data analysis was conducted with the main objectives of this investigation
in mind, _

1) Evaluate the validity of existing analytical tools for computing
springing response and

2) Determine how springing and wave induced stresses combine as : axima.
The primary emphasis for data analysis was placed on head and bow sea data runs,
since these runs contained the maximum hull girder stresses recorded during data
collection. For the purpose of this report, data runs with wave to ship heading
angles of O to 15 degrees will ge categorized as head sea runs and bow sea runs
will be categorized as runs yith wave to ship neading angles'of 15 to 45 degrees.
Data runs are further grouped into loaded and ballast runs to reflect the ship's.

difference in draft for these runs. This categorization is done for the purpose

of grouping similar operating conditions together for the presentation of the data.

MIDSHIP BENDING STRESS RAO's

RAO's were calculated for the CORT main deck vertical bending stress and can

be converted to main Asck vertical bending moment using the CORT section properties2

(CORT main deck section modulus = 94,800 inz— £t ). The RAO's calculated, are done

. 80 in terms of the ship's encounter frequency, fe‘ An RAO for the CORT midship ver-

tical bending stress is simply the response power spectral density SBm (midship
bending stress) at frequency fo divided by the forcing function powef'spectral
density S, (wave height) at'frequency fo» and has units of pai’/ £ Further, the
square root of the RAO values are used to facilitate comparison with thelanalytic-
ally generated RAO's and are presented as such. The calculatiqn of the root RAO

is described by:




JRAO (§e) . = {Sgn(5)/ SunlFe) - S
. 7/ | '
where: - | .
v Jm(f.) = the root response amplitude operator as a
function of encounter frequency,

SM(f') = the responge spectral density (bending stress or
bending moment) as a function of encounter frequency,
and |

55'.(5%) = the wave spectral density as a function of encounter:
frequency. »

The npectralianalyses performed were accomplisﬁed using the digital data

3 programmed for the PDP '1/03 computer. The paramaters

t;bes and an FFT algorithm
of interest for the spectral analyses were a frequency range of from O to 2,5 Hz,
256 spectral lines in the specified range,‘aﬁd 28 engemble averages; Thé‘FFT
algorithm also processed two channels of data simultaneously and computed the co-
spectrum between the two channels. The data was digitized at a rate of 10 samples/
second for compatability wifh the NRL wave meaguring system which outputs a digitai
dita signals at this rate., A 5 Hertz sampling rate was used for data analysis by
skipping every other data point, If the NRL unit is not employed in future

efforts a lower aamﬁling rate s&ould be considered (on the order of 5 Hertz),

which would reduce the number of data points to be handled. A sample rate of 5
samples/second still adequately defines the frequencies of interest for this
vessel. A maximum ensemble size of 512 points was established for on board data

analysis due to the memory size of the PDP 11/03 and the data storage requirements

of computing the co-spectrum and power spectrum for two channels simultaneously,




With the sawpling rate of 5 liertz for data analysis, the FFT algorithm used

(a full cosine window with 50X overlap), and a record length of 1500 ;econds,
the spectral analyses performed resulted in 55 degrees of freedom per spectral
estimate. The power spectra thus calculated can be defined in terms of the RMS

peak to peak amplitude where:

RiSp.pn = 8+ Area UNDER SrecTrum (2)

The term Sy, (fo) in equation (1) is not a term that can be arrived at
solely by computiné the spectral density from ei‘her wave measuring system's range
signal., For the case of the Collins Radar, the horns were mounted rigidly to a
boom which extended 15 feet forward of the CORT bow and were angled 25 degrees
with respect to vertical. The extension and angling of the horns provided a target
area for the radar sufficlently forward of the ships' bow wake to eliminate
corruption of the encountered wave height ueasurement.“ fhe spectrum of thé ver=
tical com-onent of this signal can be calculated directly, but this calculation
does not take into account the error introduced intr this measurement due to the
motion of the ship's bows To subtract the motion of the ship from the Collins
range signai spectrum and arrive at a true wave height spectrum for the Collins
radar; an approach using the cross spectrum between the Collins radar and Collins
vertical accelerometer was emplbyed.5 This approach 1nvoives,manipulat16na of the
Collins‘vertical acceleration spectrum (from the accelerometer mounted on the
Collins radar horns), the Collins tahge splctrum and the cross spectrum between the

two to result in a wave spectrum, The formulation to achieve this:

Swilwe) = Splwe) + ‘E};’ S, (we) ~ Tu;.‘ C“(we) (3)




where:

Sm‘(ug)- wave spectral density as a function of

"7 7 encounter fteduency

5&‘”0) = yertical component of Collins rangé signal
spectral density as a function of ancounter
frequency

5.00«) = gpectral density of the vertical accelerometer
mounted on the Collins radar horns a; a
function of encounter frequency, and

Cg.(wc)- cross spectrum of sg amd SA as a fuf\étioﬂ of
encounter frequency. |

The measured roll of the ship for the data runs of interest (head and boﬁ

seas) was smell (less than 1°) and with the radar horns mounted on the ship long~

itudinal centerline,the error introduced 1s considered negligible. Equation (3)

was programmed into the onboard computer ;oftware to calculate a “corrected” wave

hefare the RAO was coaputed,

height spe}ctrum and convert thils spectrua to fe

- The magniJide of the correction for ship bow motion was genecally o the ordaer of |

o
]

abont 5% of the range si{ygnal, Figure &4 (a) 1llustrates the range spectrum,

b
acceletatiﬁ,n spectrum, and cross-spectrum between the range and acceleration
spectrum for a typical data run in the loaded condition. The corrected wave height
specfrum arrived at using equation (3) 1{s illustrated in the Figure 4(b). The
midship bending stress spectrum is illustrated in Figure 4(c) and the resulting

m is shown in Figure 4 (d). All RAO's presented were arrived at in a similér

manner.,

N




Figures 5 ﬁhtough 8 give all the RAO's calculated from the fall trials data
for head and bow seas in both the icaded and bdallast conditions. The RAO's are
..1vcn as the root of the RAO (midship vertical bending stress or moment/ foot of
wvave height) versus encounter frequency, for (Hertz). The RAO's are grouped
according to heading (heqd or bow seas) and draft (losded or ballast) condition.
One viil note the slight shift in the RAO peak between the loaded and ballast
condition. The shift in the RAD peak is due to the difference in ihip'draft bet-
ween the two conditions. This change in draft between the two conditions corres-
ponds to a change in the ship's diaplacenent and the virtual mass of the water
acting with the ship; thus producing a change in the ship's natural frequency.
This can be seen as true if one considers the relationship between the ship's
natural frequenéy and the ship's actual and virtual mass. The ship natural
frequency is seen to vary as the inverse of the square root of the sum of the
ncfual and virtual displacement of the ship. Iﬂ the fully loaded condition the
" displacement and virtual mass of the CORT is approximately 200k tons, while in the
ballast condition, the displacement and virtual mass of the ship is appioximately

175k tons.® Using these values one can write:

fl.uolg - Aac'ru&wnmaumum ' (4) :
5 BALLAST B prons VIRTUAL (LOADED)

and

o808 . 0.94
SALLAST

10
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The shifting of the]ﬂxﬁ peaks of approximately 6 percent between the loaded and
ballast conditions can be attributed to this phenomenon.

One will note the scatter in thejixa peak magnitudes for the 3toup1ngs'given,
and that the peak in thelixa does not appear to be solely a function of vessel
speed, heading or draft based on the data analyzed. The frequency of the JRAD
peaks is noré con;istent for each grouping given. To create a reprenentative

. springing {KAD for the four groupings given and to assess the variability in the JRACG
for each grouping, an averageJRXU and standard deviation from the averageJRAO were
calculated for each grouping. The averuge]ixa and standard deviation are given in
Figures 9 through 12. 'Both the average!ixs and standard deviation were calculated

by computing the average and standard deviation of the hagnitude of the]ixa's for a
particular grouping at each frequency spacing. As one will note from the figures,

the magnitude of the standard deviation is about half of the magnitude of the
average‘iiﬁ demonstrating the different response characteristics for somewhat
similar ship conditions and 1ndicat1ng thg sensitivity of springing response to
slight changes in heading, draft, and speed, or to possible uncertainty and
variability in the wave measurements.

To see if a relationship exists between the wave energy at the springing
frequency and the springing response, a plot was made of the peak magnitude of the

J§Z5 versus the square réot of the area under the wave height spectrum eight
frequency lines to either side of the peak in the springing reupohse spectrum. -
This plot is given in Figure 13(a). A similar plot was made of the peak magnitude
of theJixa versus the measured signifiéant wave height, This plot is given in
Figure 13(b). Plotting the data in either manner shows no discernable trend as to

a relationship between springing response ard wave energy at the springing

1
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frequency or springing response and overall wave energy. This is as expected since
theJRAG's exhibited large scatter for small changes in ship operating and environ-
mental cdnditions.

SON_OF MEASURED EORETICA H !

Eight data runs were selected for comparison of measured and analytically
calculated RAO's. The selection of measured data runs for comparison was ddne
primarily on the basis of using those data runs where a predominant sea
existed from one direction (as best that could be visually determined) even
though it is realized that some wave spreading still occurs. Additionally,
it was desired to have as many ship operating parameters (draft, speed, heading)
varied as was possible 1h varying sea states, to see how the exisfing analytical
tools predicted the ship's response characteristics for these varying parameters.
The eight data runs selected are given in Table 2 along with the respective ship
parameters that existed when the data was taken. The measured significant wave
heights for these data runs are also givén in Table 2.‘

The input parameters (ship speed, ship drafts forward, auwidship, and aft,
and wave to ship angle) were supplied to the American Bureau of Shipping (ABS) and
Webb Institute of Naval Architecture (Webb) for the calculation of RAO's for these
cases. The first mode natural bending frequency of the CORT was also supplied
to Webb as this ﬁarameter is also an input parameter for their analytical
formulation. The analytical RAO's and the measured RAO's for these cases are
glven in Figures 14 through 21, (ABS — APPENDIX E; Webb - APPENDIX G)

To assess how each analytical model predicts the springing bending moment
response of the CORT, the analytical RAO's were squared and multiplied by the
measured wave spectrum for each case to arrive at a springing bending moment

response spectrum for the analytical RAO's. The springiﬁg bending moment response

12
#®(APPENDIX D contains time histories for these 8 conditions in Table 2.) .
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spectra thus arrived at from both analytical RAO's and the actual measured bending
moment response spectrum for ea;h case are given in Figures 22 through 29, ‘It is
worth noting that for aoﬁ; cases the WEBB response spectra are plotted to a dif-~
ferent scale. The signtficant springing bending moment (nvefage of the 1/3 highest
peak to pesk vqriation') were calculated froﬁ thése response spectra by taking‘the
square root of the area under each spectrum and multiplying by four. The sign-
1fiéant springing bending moments thus arrived at are given in Table 3, From
Table 3 one will see that Ehe ABS model's significant springing bending moments
compare fairly well with the neasufed bending moments, while the WEBB bending

moments tend to be larger than the measured bending moments by about a facto; of

two. (For additional calculations see APPENDIX F (U. of Mich) & APPENDIX H (DnV))
COMBINING OF WAVE INDUCED AND SPRINGING STRESSES AS MAXIMA

The manner in which the wave induced and springing éomponents of the midship
vertical bending stress combine wa? analyzed in the frequency domain. In the
frequency domain, the statistical properties of the midship vertical bending stress
spectrum were employed to see how these two componenfa of the midship bending
stress spectrum combine to form a maxima. A typical response spectrum is shown in
Figure 4. The spectrum contains two peaks. The first peak at the lower freqﬁency
is the wave induced portion of the vertical bending response and the second peak at

the ship hull natural frequency (~ .34 Hz) corresponds to the ships springing

- response,

For a narrow band single peaked spectrum the number E represents the meah
squared value of the beak to peak vqriafious of the 1ndividual frequency vomponents

which make up the ship's response. For a double~humped spectrum like the one given

“in Figure 4(c), the area under each hump represents the sum of the squares of the

individual frequency components which make up that portion (springing or wave

13
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induced) of the ship's response. Additionally, for a narrow band spectrum of a

random variable with a zerc mean such as the springing and wave induced portions

of the midship‘bending moment, the area under the spectrum is equal to one eighth

the mean squared value of the peak to peak variations, ‘so that:

J

N
¥
A = area under power spectrum --é—z% S-Eéz (5)

where: isl

Y; - 18 the ith peak to peak variation (crest to trough), and

Ep - 18 the mean squared value of the peak to peak variations.
Further, if the sample contains N peak to peak variations (with N 100)
7,

the probable maximum peak to peak value of Y is given as

me’JEP loge N | | (&

The use of E_ in equation (6) gives an estimate of the maximum peak to peak

p
variation in the set. However, this need not be indicative of the maximum single

amplitude excursion that occurs‘éi.e., mean to peak). The midship bending reéponse‘

is comprised of a springing component which has a relatfvely constant frequency,

but varying amplitudes and a wave induced component which has varying frequencies
as well as amplitudes. As such, the maximum single amplitude peak (with respect to
the mean) need not be (and generally is not) equal to one half the maximum peak to

peak variation in the record, but is somewhat larger. Therefore, a method for

predicting how wave induced and springing stresses combine should be one which
predicts the maximum single amplitude peak in the record and should be compared

against the measured maximum single amplitude peak,

14
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One can estimuate the probable maximum peak value for either the springing or
wvave induced component of the combined response by calcullating the area under the
springing or wave induced pbrtion of the combined response spectrunm (Ep -8 x Area)
determining the respective number of variations {n the sample rec~rd N, and

employing the following relationship:

| Ynu-nu 3 ’i" EP ’og. N _ - N

If one were to add the probable maximum peak responses calculated
using equation (7) for the springing and wave induced components of the

response spectrum, one would have (‘

Ym-am:Ym-sn.n’Ym-mw-n' *Eﬁnba'”"‘ ‘f %EM‘”' Nuwe ()
Where,
Y"“_co “e = i8 the probable maximum copbined peak response when
the maximum springing and wave induced responses occur
sinultaneously:
E"*. = 1is the mean squared value of the peak to peak spring~
ing variations:
E“" = is the nmean squared value of the peak to pea_k wave

induced variations, and

Nm,Num = is the respective number of springing and wave induced

variations in the sample record. Each N can be approxi-
mated by mulr.iplying the frequency at each respective
peak in the spactrum by the run length.

Using equation (8) one would arrive at the probable maximum peak

variation vhen the springing and wave induced components were both a ’

15




maximum and occurring simultaneously. The probability of this occuﬂring is
1/¢ Ns'.'Nyuvg ) and leads to a generally, but not always conservative
estimate of the maximum bending moment response. Table 4 gives the

maximum peak responges calculated from the data using equation (8).| Also

given in Table 4 are the actual peak values recordea for that particular
data run and the ratio of calculated peak response to measured peak|res-
ponse times 100 percent. As an wndication of how equation (8) predicts the
maximum peak response, the ratio of' _alculated expected maximum response

to actual measured maximum response{ x 160 percent is plotted vetaus?fre-
quency of occurrenze in Figure 30. +ge existing data base is somewLat
limited, but one can see that this method of combining springing and wave
induced responses; although somewhat empirical,lgenerally provides a
congservative estimate o6f the expected maximum peak bending stress.; 1f a
larger data base were available to better defire the shape of the ﬁistogram
one would be able.to assign a confidence limit factor to equation (8)

from the histogram so that one would be assured that equation (8) predicted
at least the maximum expected respo;;e a certain percentage of time. The
small data base and relatively poor definition of the histogram asiit now
exists precludes the use of the formulation for predicting a maximum
responge with any degree of certainty. A.possible follow on effort to
increase the dafa base and better define the histogram shape would:be to
similarly analyze the midship bending stress records collected fro@
previous seusons on the CORT. This additional data could then be incor-

porated with the 79 season data and an estimate of a confidence 1161:

factor arrived at for implementing equation (8).

16
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MAXIMUM DECK EDGE AND MIDSHIP TORSIONAL STRESS

Hidship lateral bending stresse= were recorded to determine thc
magnitudes of these stresses and to determine whether thesé magnitudes
were sufficiently large to produce an unsafe deck edge stress when combined
with the ﬁidship vertical bending stress. A typical midship lateral
bending stress response specgrum is given in Figure 31, .The lateral bend-
ing stress response spectrum is similar to the vertical bending stress |
résponse spectrum in that it contains two peaks where the response energy
is concentrated. The first peak (low frequency) corresponds to the wave
induced lateral bending energy and the second peak (high frequency) corr-
esponds to the ships first mode lateral bending frequency. From the runs
analyzed, the first mode lateral bending frequency is approximately .76
Hertz in the fully loaded condition (27 foot draft) and approximately .92
Hertz in the ballasted condition (approx 19 foot forward draft). A listing
of the peak lateral bending stress (single amplitude) and tﬁe peak
vertical bending stress (single amplitude) for the bow sea runs examined
is given in Table 5. Also given in Table 5 are the peak deck edge stresses
measured for those same data runs., The deck edge stresses were arrived at
by adding the vertical and lateral bending stresses in the time domain to
produce a time history of the deck.edge stress. A peak analysis of this
time history was then done to determine the maximum single amplitude deck
edge stress in the record. Based on this analys;s, the lateral bending
stresses when combined with the vertical bending stresses tend to produce a
maximum deck edge stress which averages about 8 percent higher than the

maximum vertical bending stress recorded for these data runs.

17




Midship torsional stress was also recorded throughout these trials.
The midship torsional stresses recorded were very small and a single
amplitude peak stress of greater than 200 psi was never attained. ‘lais
1; due in part to the concentration of data collection on predominantly
head sea conditions, although large midship torsional stresses still
weren't realized for any »f the bow sea cases eith?r. A listing of the
maximum single'amplitude torsional stresses recorded is given in Table 6
for the bow sea runs examined. ”

COMPARISON OF COLLINS RADAR AND WAVE RIDER BUOY MEASUREMENTS

Two data runs (runs 70, 71) were completed during the 1979 trials
season. when a wave rider buoy was deployed in the im&ediate vicinity
of the ship by a USCG helicopter assigned to USCGAS Traverse City. The buoy
was picked up by helicopter from thé shipfs deck and deployed three miles forward

of CORT and directly on the ship's course. Data was collected from the buoy, in

" addition to all other sensors comprising the CORT data acquisition system, as the

shlp approached the buoy and overtook it. Data collection was terminated when
the ship was out of signal raﬁge of the buoy. Both data runs were taken
one after the other while downbound on Lake Michigan' and were approximately
20 minutes in duration. Subsequeht*attéhvté ét'obtainfng buoy correlation
data runs were unsucces;ful due either.tb~sh1p lé;afign during daylight hours,
(e.g. outside the range of a helicopter station) or to weather too severe
for safe helicopter operations. ‘

Comparisons between wave height power éﬁectral densities calculated
from the wave rider buoy and Collins radar for runs 70 and 71 are given in

Figures 32 and 33 respectively. These figures give the wave height power

Qpectral dengity as a function of wave frequency. To arrive at the Collins

18
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radar wave height power spectral density as a function of wave frequency,
the corrected (for ship motions) Collins wave height spectrum was first
calculated as a functioh of encounter frequency using equation (3) and

then converted to wave frequency using the relationship:

Sw.. (w) = Sum(hlg) |’%“-,VS Cosel | (9)

The buoy wave height péwer.specttum was calculated by dividing the buoy
acceleration power spectral density as a. function of¢) by its respective

frequency to the fourth power, or

San(Widguor= Sa (Widgyoy/ w;* (10)

One will note in both Figures 32 and 33 that the buoy spectra are
labeled "corrected.” This is because the original signal sensitivity

supplied with the buoy and receiver was in error. A calibration of the

A.puoy in a NOAA dynamic wave rider buoy calibrator subsequent to the com=-

pletion of fall trials showed the buoy calibration sensitivity to be
linearly increasing with increasing frequency with respect to the original
calibration sensitivity. This correction was applied to the originally
calculated buoy spectra to arrive at the buoy spectra shown in Figures
32 and 33. |

As 18 evidenced by Figure 32 thevbuoy and Collins Radar wave heights
compare reasonably well, with the buoy indicating a significant wave height
of 2.32 ft and the Collins Radar indicating a significant wave height of
2.97 ft. These numbers agree well with the 2 to 4 ft waves visually observed.
The lesser agreement between the buoy and Collins radgr for run 71 can be

attributed to the buoy passing to the ships leeward side for a portion of the

19




data run. The 60RT wake on this day was knocking down the waves for a few ship

>,lcngthn beyond the stern. The buoy spent a good portion of run 71 riding through

this relaéively calm (with respect to the surrounding sea) stretch of water, Runé

70 and. 71 were completed in succession and in less than one hour with the sea

diminishing. The significant wave height indicated by the Collins Radar is 2.13

fi for run 71 whiie the buoy indicates a singificant wave height of 1.72 ft. It is

doubtful that the sea had 41m1nished as much as 18 indicated by the wave buoy (and

visual estimates tend to reinforce this). Rather it is felt that the passage of

the buoy through the ship wake for most of the data run caused the buoy to indicate

the lower sea conditionq. The ship's wake was not a consideration for run 70 ;a

the buoy passed the ship to the windward side and never entered the ship's wuke.
Based on the reasonable agreement between the Céllins Radar and wave

buoy significaur wave heights from these runs and the agreement of the

Collins radar with visual observations of wave heights throughout the fall

trials, it is felt that the Collins Radar altimeter gives a good represen—

tation of the existing sea. More buoy correlations ﬁould obviously lend

more credibility to both the Collins and the buoy as wave measuring devices

and should be planned for any future efforts,

FULL_SCALE PRESSURE DISTRIBUTION MEASUREMENTS

Current Ship Structure Committee (SSC) computer pfogtams‘deal primarily with
sea loads imposed on the huil girder. In addition, knowledgé of pressures on the
hull surface is also needed to determine the required strength of local structures
to withstand maximum anticipated pressures at sea. Since computer programs for
calculating pressure distributions are available to the profession, it 1is worthwhile

to verify the results of computations by model and full scale experiments.

20



The Coast Guard, conhidering'the pptential value of full-scale pressure
measurements, took advantage of the fivp-year drydocking/hull inspection yﬁtd
period, and with the cooperation of Bethlehem Steel installed 15 inserts in the
forward quarter length of the CORT hull plating. Pressure transducers were then
installed in the inserts without a drydocking. The pressure gage locations were

given ip Figure 3b. The results obtained from full-scale pressure measurements have

the potential for wide use verification of computed theoretical pressures and
correl %on between full and model scalF measurements; |

The pressure data was collected 1% conjunction with the wave/stress measure~
ments and stored on magnetic tape. Co%sistency end reasonableness of the c¢ol~
lected data was checked by examining péessure'gage time histories and calculating
pressure power spectra and RAO's. Red&ced data in the form of pressure power
spectra were delivered to ABS for the data runs they requested. Thesé hull
pressure power spectra will be used by ABS to evaluate existing formulations of
potential theory computer programs.

Typical response spectra (from Run 77) calcuiated from the gages located
at Frame 9 are given in Figure 34. Aléo given in Figure 34 is the measured wave
spectr%m‘from~this data run. Figure 35 gives the resulting RAO's calculated for
these gages. The spectra given in Figure 34 and.the RAO's 16 Figure:35 represeav
the dynamic pressure fluctuations seen by the ship hull as it encounters wavet.
The static head due to the location of (these gages below the waterline has been
electronically Qubtracted out using the data acquisition signal conditioning.
To get the actual pressure at a particﬁlar gage location, the pressure due to the
static head must be added on. It is wérth noting that for any future use Sf these

data tapes, pressure gages six and fourteen should be considered unreliable

(see page 5).
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1.
2.
3.
4
.

6.
7.

8.
9.

TABLE 1 - MEASURANDS FOR M/V S.J, CORT FULL SCALE TRIALS

MICRO-WAVE RADAR*

COLLINS RADAR*

BOW VERTICAL ACCELERATION (AT COLLINS)*

BOW HORIZONTAL ACCELERATION (AT COLLINS)*

BOW VERTICAL ACCELERATION (AT MICRO-WAVE)#*

BOW HORIZONTAL ACCELERATION (AT MICRO-WAVE)*
MIDSHIP DECK VERTICAL BENDING STRESS (COMBINED)
MIDSHIP DECK VERTICAL BENDING STRESS (WAVE INDUCED)
MIDSHIP DECK VERTICAL BENDING STRESS (SPRINGING)

10.
11.
12.

13.
14,
15.

31,

iDSHIP BOTTOM VERTICAL BENDING STRESS  (COMBINED)
MIDSHIP LATERAL BENDING STRESS

MIDSHIP TORSIONAL STRESS

ROLL

PITCH
HEAVE ACCELERATION

| 16, =% 20. PRESSURES AT FRAME 9/10
B | 21, —» 25. PRESSURES AT FRAME 20/21
26. —» 30. PRESSURES AT FRAME 30/31

WAVE RIDER BUOY

* NRL MEASURANDS FROM WAVE MEASURING SYSTEM
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TABLE 2 - INPUT PARAMETERS FOR ANALYTICAL RAO CALCULATIONS AND

SIGNIFICANT WAVE HEIGHT MEASURED DURING EACH DATA RUN

Run Draft Ship-iiave Measured
lcondition | Number| Speed | Fwd Mid Aft Angle |Wave Height
(mph) (degrees) | (H 1/3-feet:)
1 77 14,4 ]19'11" | 20'7" | 22'0" 6 9.6
2 81 14.4 |19'11"] 207" | 22'0" 11 8.3
k] 90 14.7 j27'0" | 27'0" | 27'0" 6 3.7
4 119 | 14,2 j27'0" 27'0" | 27'0" 9 5.6
5 116 13,5 j27'0" } 27'0" | 27'0" 2 8.5
6 117 13.5 j27'0" | 270" | 27'0" 10 7.2
7 9 | 11.6 [180" |19'11°] 2103 0 6.0
8 101 11.6 |19'11 207" | 22'0" 20 8.6
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TABLE 3 = PEAK TO PEAK SIGNIFICANT SPRINGING BENDING MOMENT

PROM ANALYTICAL RAO's AND MEASURED SIGNIFICANT |

BENDING MOMENT FOR EIGHT CASES EXAMINED

Significant Springing Bending Moment

(FT-TONx10"%)

CASE

Measured ABS Htﬁh
1 20,2 37.9 85.3
2 32.3 %.2 68.7
3 13.2 . 8.8 11.9
4 25.8 25.5 57.7
5 30.8 26.0 65.9
6 28.8 29.2 64.9
7 28.9 23.5 37.5
8 32.1 32,6 ° 54.2
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TABLE 4 - COMPARISON OF MEASURED AND PREDICTED PEAK BENDING STRESS

]

~»e LT

Predicted Peak ] Peak Predicted
Run Number Measured Peak Bending Stréss Divided By
Bending Stress ]| Using Eqn (8) | Measured Peak X1007%
(KPSI) (KPSI) (%)
27 3.84 2.77 72.0
28 3.57 3.24 90.8
29 2.48 2,36 95.0
30 .83 +86 103.7
32 2.64 2,43 92.1
35 2.92 3.18 108.9
37 2.97 2.87 96.7
38 3.74 3.88 103.9
39 5.36 6.96 129.8
40 6.27 6.22 99.2
41 5.52 6.62 120.0
42 4.21 5.01 118.8
43 7.00 5.60 79.0
45 4.74 4.51 95.2
46 .97 .89 91.2
50 5.38 5.85 108.7
52 4.87 5.18 106.3
53 5.56 5.57 100.1
54 4,38 3.77 86.2
64 3.03 3.43 114.5
66 1.05 1.15 109.0
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TABLE 4 - (Continued) - COMPARISON OF MEASURED AN

D PREDICTED PEAK BENDING STRESS

<. R, I
A By M

Predicted Peak | Peak Predicted
* Run Numbﬁt Measured Peak Bending Stress Divided By
Bending Stress | Using Eqn (8) | Measured Peak X1007%
(KPSI) (XpS1) %
67 .61 61 99.2
70 2.93 2.54 1 86.5
7 2,50 1.28 51.2
74 5.54 . 6.43 ! 116.0
75 7.62 7.51 | 98.5
7 8.01 7.84 97.9
80 8.25 9.66 117.1
81 7.56 10.32 140.1
82 6.13 9.82 162.7
83 6.03 7.93 133.4
85 5,94 8.06 , 172
89 3.3 2.63 78.0
90 3.05 2.96 96.9
94 6.57 7.82 ' 119.0
95 7.39 8.66 117.2
99 6.75 9.55 141.3
100 9.29 11.89 127.9
101 9.23 11,15 120.8
102 6.02 10.07 16742
103 5.97 9.05 15145
107 3.67 4 .66 126 .8
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\ . TABLE 4 - (Continued) - COMPARISON OF MEASURED AND PREDICTED PEAK BENDING STRESS

e —

[

‘ Predicted Peak | Peak Predicted.
! Run Number Measured Peak | Bending Stress Divided By
Bending Stress | Using Eqn (8)- Measured Peak X100%
/ (KPST) (KPSI) (2
110 5.68 6.16 108.4
11 5.42 6.75 12344
112 6.80 7.29 107.1
113 8.41 12.13 144.2
: 114 8.71 10.74 132.5
.‘ ' ' 115 8.21 10.59 123.8
116 8.56 11.12 136 .6
117 9.09 9.44 103.7
119 . 8.13 8.66 106 .4
K]
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TABLE 5 ~ PEAK SINGLE AMPLITUDE VERTICAL, LATERAL AND DECK
EDGE BENDING STRESSES FOR BOW SEA 'HEADINGS EXAMINED

: Peak Vertica Peak Latera Peak Deck'zdge
Run | Bending Stress PBending Stress [Bending Streél
(ps1 x 1072) | (ps1 x 1072) | (PSI x 1072)
29 24.8 8.4 27.8 '
% 8.3 4.2 9.7
38 37.4 11.2 39.0
39 53.6 11.9 8.4
43 70.1 15.6 75.0
45 47.2 19.2 55.3
100 92.9 7.9 93.0
101 92.3 9.4 93.0
103 59.8 10.6 61.3
111 54.7 20.1 63.2
112 68.0 15.7 75.9
. 114 87.1 16.9 87.5
115 82.1 12.3 91.5
116 81.6 15.5 85.7
&
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)
' TABLE 6 - MAXIMUM SINGLE AMPLITUDE MIDSHIP
} TORSIONAL STRESSES FOR BOW SEA RUNS
. ‘ » ) Run Maximum Torsional Stress
s (PSI x 1072)
| 2 1.04
30 .21
: 38 . .85
39 1.17
43 1,17
45 - 1.32
100 1,76
o ’ 101 1.59
103 . . 1.34
111 1,78
112 1,78
114 1.48
o 115 1.34
. 116 1.43
:-
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APPENDIX A
TRANSDUCER CALIBRATIQNS AND CALCULATIONS OF TRANSDUCER SENSITIVITIES

The total instrumentation package for the CORT full scale data collection program
consisted of 32 individual measurements of wave height, stress, motion and pressure
(Table 1), Each of these measurands output anlelectrical direct current analog.
signal to the PDP 11/03 analog to digital (A/D) converter for subsequent storage

of these digitized electrical signals on magnetic tape. The development of the
relationships for converting these electrical voltages to engineering units (EU)
follows. The computer system sensitivity (EU/count) can be arrived at.by dividing

the voltage sensitivity (EU/volt) by 400 which is the number of counts per volt.

. STRAIN GAGES

Four indepcadent measurements of strain were made on the CORT. All measurements

were made at the CORT midship section. Measurements included stresses induced

" by vertical bending, athwartship bénding and hull girder torsion. Locations of the

gages at the midship section were given in Figure 3 of the text. The main deck
bending and lateral bending gages were installed for previous data collection on.
the CORT. These gages were mounted in a dyadic configuration on the ship's hull
plating with the bridge configurations indicated in Figure Al, The existing hull
bottom vertical bending gage from previous data collection on CORT exhibited a low |
resistance to ground and drift and was subsequently replaced at the location
shown in Figure 3 of the text. The bridge configurations for the bottom bending
stress and torsional shear stress measurements are given in Figure A2,

Calibration of the stress measuring channels was accomplished by connecting
a calibration resistor across one leg of the Wheatstone bridge. Since long

lengths of cable where run between the gage and instrumentatidﬁ,bno'matter where
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this shunt calibration is performed (at the gage site or at the instrumentation),

an error is iatroduced. If the shunt resistor is applied at the instrumentation,

the signal due to connecting the shunt resistor is increased by 2R;/R, where R is

the nominal resistance of each leg of the bridge and R; is the resistance of the

lead wire fron the gage to the instrumentation. Additionally, the output signal

to the instrument caused by strain in any gage is attenuated by ZRLIR. These
conditions produce a calibration signal which is in error to the straia signal by
a factor of ARL/R. A correction for this error can be made by multiplying the

nominal strain (or stress) that the nominal shunt calibration (performed at the

instrumentation) represents by (1+4RL/R). Sinmilarly, a sensitivity in terms of

stress per unit output voltage is corrected for lenq wire resistance by calculating
the apparent stress tﬁat the shunt calibration repr£nento, multiplying the nominal
stress by 1+6RL/R. and dividing by the output voltage obtained when the shunt is
performed at the instrumentation. This type of error is inhercnt in‘auy strain

gage or transducer where a simple Wheatstone bridge is emﬁloyed to measure a par-

ticular quantity and this correction was accounted for. This correction vas 1

applied to all strain gages and pressure gige channels in arriving at a seunsitivity

for them.

Onboard checks were made of the main deck bending stress data by obtaininjgthe
” I
b

ships neutral axis from time histories of the main deck and keel vertical bend‘

gages. Initially, these values agreed with section property calculations withi

5Z. Subsequent analysis of the bottom bending bridge raised questions about it

reliability and are discussed later.
The main deck bending signal was filtered to isolate the vnva»induced and

springing components of the combined signal. These sp.it signals were continuously

monitored to assess the relative magnitudes of the wave induced and springing
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components of the main deck bending stress and to aid in the determination of

vhen to take data runs.

Figure Al,

A block diagram of the stress monitor is givea in

The wave induced component was provided by low pass filtering the combined

signal at a cut-off frequency of .2HZ, and the springing component was produced

by high pass filtering the combined signal at a cut-off frequency of .25HZ.

Each of the two filtered channels employed two Krohnhite variable filters which

were cascaded to produce a sharp roll of 96 db/octave.

The filters were calibrated in the lab, at DTNSRDC, with a function generator

to generate the phase delay and signal attenuation characteristics shown in

Figures A4 and AS. Additionally, all stress channels were low pass filtered at 10

Hertz to remove any high frequency noise in the signal. "The filters used for this

were 2-pole Butterwoth with 12 db/octave rolloff,

The calculations for shunt

for all the stress measuring channels follows the text of this appendix.

PRESSURE CAGES

Each pressure gage was calibrated at DTNSRDC in a dead weight tester over

its operating pressure range.

The operating pressure ranges for each gage is

given in Table Al. The result of these calibrations is a linear relationship

between applied pressure and transducer output voltage.

also shunt calibrated in the laboratory with a known resistor and essentially

zero lead wire resistance. This shunt produced an electrical offset in the

pressure gage bridge which could then be thought of as a simulated pressure .in

terms of the gage's pressure/voltage sensitivity.

The same shunt calibration

resistor was applied at the gage site and the voltage offset recorded at the

instrumentation after the gages were installed on CORT.

.
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. resistance simulated stress, lead wire correction and stress/voltage sensitivity

Each pressure gage was

In this manner, the lead
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reistance of the cabling was established and accounted for. The onboard
sensitivity of each pressure gage, corrected for‘lead wire resistance and the
laboratory calibrated sensitivity values, for all pressure gages is given in
Table Al. It 1s worth noting that each pressure gage was balanced to zero volts
(pressure) when the ship was stationary and each gage had a finite static

pressure head on it. Thus all pressures recorded reflect fluctuations in pressuie

_ about this static pressure head and the actual pressure on the hull would be the

pressure fluctuation plus the stetic head. '
SHIP MOTIONS

The ship motions recorded consisted of amidship measurements of pitch, roll
and bheave acceleration and bow measureﬁents of lateral and vertical accelerations.
The piﬁch and roll gyro was calibrated in the lab at DTNSRDC by tilting the gyro
at various angles and measuring the output voltage.‘ This calibration was also
performed on board to take into account the lead wire resistance on this measure-
ment and the shipboard cal was used for data analysis. The heave accelerometer
was calibcated by turning the accelerometer 180° simulating a 2g dowmnward accel-
eration and recording the output voltage.. The results of these calibrations are
given in Table A2.

The lateral and vertical accelerations at the ship's bow were part of the
NRL wave measuring systems installed on CORT. Lateral and vertical accélerometers
were locaeted at each wave measuring device. Acceleration to Qoltage sensitivities
were supplied by NRL for these measuremeﬁts.‘ On board calibrations of these mea-
surands were performed by tilting the accelerometers at various anéles‘to assure
that these measurands were still functioning as calibrated in the NRL lab, A

listing of the NRL and Collins radar accelerometers and their sense is given in
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Table Al3. Additionally, all NRL installed acceleration signals were low pass

filtered at 4 Hertz using a 4=-pole Bessel filter.

COLLINS RADAR

Shipboard calibrations of the Collins radar altimeter were performed
regularly to assure that this system was functioning as set up. The calibration
consisted of tilting the horns vertically to aim them dirertly at the water surface
and taking a roltage reading. The boom holding the horns was then swung in and
aimed at the Phip deck and another voltage reading taken. ' The distance from the
ship's deck tp its baseline was known and by subtracting the distance from the
ship waterlinL to ship baseline (ship draft), the distance from the deck to the
waterline eat;blished. Dividing the change in distance from ghch measurement, by
the change 1# voltage, the sensitivity of the Collins radar (ft/volt) was checked.
A typical caiculation is given in Figure A6. This calibration’waa performed'when
the ship was in port or in the Soo Locks due to the need for calm conditions to
achieve this calibration.

WAVE_BUOY CALIBRATION

The unvé rider buoys and receiver employed in these trials were supplied by

“Teledyne Engineering Services under USCG contract. The output voltage to accel~-

eration sensitivity suppliedvuith the buoys was 15 volts/g of acceleration, Static
on board cal}bration of the buoys was achieved by tilting the buoys at a known
angle, determining the acceleration from this angular tilting and recording the

output voltage. Results of these calibrations indicated output voltage to accel-

-

.eration sensitivities of 15.3 volts/g and 16 volts/g for buoys #1 and #2 respec-

tively. Due to some uncertainty in the angle measurement during these cals a

.

voltage sensitivity of 15.0 volts/g was employed for the trials., After analyzing
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the buoy data and observing a large discrepancy between the buoy and Collins Radar
vave spectra, a dynamic calibration of the buoys was suggested. This calibration
vas carried out by Messrs. M. Noll and D. Walden in the NOAA wave buoy calibrator
at the Washington Navy Yard. The dynamic calibration showed the buoy/rece;v@f
system to hav; an increasing sensitivity with increasing acceleration frequency.
Tﬁc rcaulﬁu of this c;ltbratién ar& given in Figure A7 and were applied to the buoy
spectra given in the text.

.ANOMALOUS BEHAVIOR OF BOTTOM BENDING BRIDGE

Intitial onboard checks on the ratio of measured main deck to bottom bending
stress were found to be in the range of 1.10 to 1.20 (1.15 was axpeéted based
on cogf section properties). Daily shunt calibrations and resistance t§ ground -
checks indicatgd the bridges were functioning normally and caiibration
sensitivities were never changed. Post trials analysis of the data shows that the
ratio of the main deck RMS stress to bottom bending RMS stress to be above the
expected range beginning in early November. This ratio grew larger (although not
constantly) as trialc progressed. Since the main deck stress/wave height RAO's
remained fairly constant frca run to run on any given day, whereas the ratio of
bottom to deck stress ranged widely for these same rumns, it has been concluded
that the bottom strains observed are most likélf faulty. It i{s planned to

resolve this isgue, {f further trials are to be conducted.
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Proceoure For Coruins RapaR Range CaLigraTion
l. Position RADAR HORNS VERTICALLY OVER WATER , TAKE VOLTAGE READING - V..,
2. SWING COLLINS HORNS IN OVER DECK AND TAKE SECOND READING - V“.
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Figure A6 - Collins Radar Calibration Procedure
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\
N TABLE Al -~ PRESSURE GAGE SENSITIVITIES
) Gage Pressure Gage Lab Fleld*
‘ ‘ Number Range . Sensitivity Set;-itivity
L (psi)’ (psi/volt) (psi/voit)
! ) 1 | 50 2,495 2.550
) 2 50 2,515 2.570 |
}f’ 3 50 2,585 2.600 | ;
I 4 0 2,485 2.540 ,
1 ‘ 5 50 | 2,520 2,575 |
Ve 6 25 1.225 1,255 - |
__,,'W - 7 25 1.250 1,285 |
e 8 ' 100 4,980 5.090 !
| 9 50 2.480 L 2,53
‘ » 10 50 : 2.505 2.560
X 1 50 2,520 2.575 |
| 12 50 2,520 2,575
‘ 13 “ 50 2,530 2.585 ,
Ca 14 50 2,530 2.585 4
\’ 15 50 2.520 2.575 :
PR ‘ i
( ‘ * Field sensitivity arrived at by comparing instrument shunt in lab (RL- 0) '
L\ ‘ ‘ ‘ with instrument shunt in field and calculating RL; then field sensitivity , ‘
" . arrived at by, field sensitivity = lab sensitivity x (1 + 2R]./R) plus volts 1
Lo is positive pressure against the hull, 3
s \1 S ;
s
v !
/:“ .




TABLE A2 - PITCH, ROLL, AND HEAVE ACCELERATION SENSITIVITIES

Measurement

Pitch
Roll

Heave

Calibration

10° Bow Up
10° To Port

2 g's Down

Voltage
Qutput
+ .135
+ .146
424,25

87

Sensitivity

7.40 %/volt

" 6.83 °7volt

2.57 f;laeczlvolt
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TABLE A3 - NRL INSTALLED TRANSDUCER SENSITIVITIES

MEASUREMENT SENSITIVITY

Collins Radar Range 15.50 ft/volt

'Collins Vertical Acceleration 1.855 ft/seczlvolt

Collins Horizontal Acceleration 3,240 ft/ceczlvolt
NRL Range 24,61 ft/volt

NRL Vertical Acceleration " 1,408 ftlseczlvolt

NRL Rorizontal Acceleration 2,512 ft/sec?/volt

SENSE

Increasing Range .

€ 25° to Vertical

~ Acceleration Up

Acceleration to STBD
Increasing Range
Acceleration Up

Acceleration to Port

S,

b e,



APPENDIX B
MAGNETIC TAPE FORMAT FOR CORT DATA ACQUISITION

INTRODUCTION

The magnetic tape foriat description which follows was developed by the
DINSRDC Central Instrumentation Department (CID) to facilitate data transfer
between the many minicomputers at the Center and so that data tapes'generqted
could be used for further analysis on the Center's large CDC machines. Some
initial 1nvestigatioﬁs showed that the only constraint iﬁ the.transfer of data
was vith (surprisingly) the CDC machine. It could only handle record lengths of
less than or equal to 512 sixty-bit words on nine track tape (this is not a limit~
'ation with their neven‘track tapes). This limitation was a great disappointment
since it was hoped to be able to use long record lengths in order to achieve high
data acquiaition'thr0qghput rates (it is known that there exists a trade-off'with
regard to the length of tape records and the length qf the inter-record gaps).
With this in mind it was decided to use fixed length record lengths for the még
tape format of 30720 bits or 1920 sixteen-bit words for minicompﬁters. This format
is currently used on our Hewlett-~Packard, Raytheon and Digital Equiﬁment Mini-

. computers and the data tapes generated by these minicomputers have been used for
data analysis on the Center's CDC machines.

In the developmént of the standard for magnetic tapes, one had to keep in
mind that differeni systems have different capabilities in the number and kinds
of channels that can be acquired. The RAYTHEON system had the largest numbers of
A/D channels (128 channels) and so it was the de-facto standard. The mag tape
formats were, therefore, designed with 128 channel capability even though many

data acquisition systems including the one on the CORT have only 32 channels,
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MAG TAPE FORMAT OVERVIEW

The tape format is a fixed record length, file oriented tape. Thn;
is to say that each record is a fixed length (1920 sixteen~bit words) and
that there are file marks between groupings of data for s particular data
collection run. The logical end-of-tape 1is signified by a double end-of-
file. Each file on tape also has a fixed format, uﬁete the first.record
in the file contains constant, calibration, and identification (id) infor-
mation about the.data that 1s to follow. The data records are next (fixed
length) and continue until an end-of-File is detected.

THE CONSTANT, CALIBRATION, AND ID (CCI) RECORD

In the following discussion, please note that the yord length of the
minicomputer that we have is sixteen bits and so it may be assumed that wheﬁ
word 1is specified, one assumes a sixteen-bit word length. Integer .numbers
are stored in sixteen bits (using two's complement notation) while float-
ing-point numbers require multiple words. In the case of thevPDP-ll. the
floating-point numbers require two sixteen-bit words. If the mag tape 1is
to be read on a machine other than the machine where the data was recnrded,
the user will have to write a routine to convert ;he floating;point num-
bers into the other machine's internal floating-point format.

The CCI record is again divided into eight fields called 1) CbNSTANTS,
2) SYSTEM SENSITIVITIES, 3) GAIN, 4) TRANSDUCER SENSITIVITIES, 5) ZERO,

6) REFERENCE, 7) CHANNEL ID, and 8) TITLE fields. These individual fields

will now be described.
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QQNﬁIAﬂI& ~ This field holds integer contant information about the run
and is 64 integer vortg in length. |
Word 1 is the RUN number assigned by the engineer to this particular
collection of data. |
Word 2 is called the POINT number. The POINT number is a unique and
sequential number identifier for the file of data, and it is possible to

have many data collection "points” within a particular "run”,

Word 3 contains Fh. total number of channels that were acquired. The
total number of chnnnLlo is the sun of the total number of analog channels
being recorded and.th% total number of digital channels recorded.

Word 4 is the lu#ple pekiod that was requested by the user and is
stored as the number Lf milliseconds between scans of data. A scan is
defined as one sweep of the A/D and all nlsociﬁted digital channell; When
data 1s collected, one scan is acquired as fast as possible to minimize
skew between channels. "Then, the computer waits the sample period time
before acquiring the next scan of data. This is known as “"burst” mode
dats acquisition and_;a quite different than the constant sample rate
acquisition mode that is more common.,

Word 5 and vord?6 contain the requested time‘of data collection, with-
word 5 containing thefrequeated seconds and word 6 containing the re~
quested number of milliseconds.

Word 7 containsjthe total number of channels used on the first A/D.

Word 8 containsithe total number of digital channelc recorded.

Word 9 1s used to indicate the number of frames stored in each 1920

~ data record. A frame is defined as the number of data channels in one

scan of data (word 3);
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Word 10 contains the number of the last channel of interest on the A/D.

Hofd. 11, 13, 14, and 15 are reserved for system use and are currently
unused and should contain zeros.

Word 12 contains the total number of channels used on the second A/D.

Word 16 is unused.

v Rofﬁ 17 is a flag to indicate whether or not data was acquired using the
internal precision clock or the SL-7 external time base. A "0" {ndicates that the
SL~7 external tiﬁe hase was used while a "1” indicates the use of the computer's
interal clock.

Word 18 is used to store the number of averages that are used in the
determination of the ZERO or the REFERENCE.

vwords 19-29 are unused.

Words 30-33 are ASC II, a string of nine characters that describe the time at

which data collection began.

Words 34-39 are unused,

Word 40 contains a pointer update position number. The word 40 will dictate
where the title update begins (i.e., what column to begin)--moving it will allow
you to omly update a portion of the title field to effectively allow you to have
a title and a sub-title.

Words 41-51 contain header log information stored as follows:

41 - North Latitude in degrees (XX)
42 - North Latitude in minutes (XX)
43 - West Longitude in degrees (XX)
44 - West Longitude in minutes (XX)
45 - Vessel Speed in mph (XX.X)

46 - Vessel Heading in degrees (XXX)
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A7 « Vessel Draft in feet (XX)
48 =~ Wind Direction in degrees (XXX)
_ 49 = VWind Speed in knots (XX)
50 = Wave Direction in degrees (xxx)
51 = Wave Height in feet (XX) -
Words 52-64 are unused.

”§i’é‘rm sznsxny;gms — This buffer (128 floating-point words = 256 sixteen-bit
computer words) contains the fnformation that {s required to convert A/D counts
_into Engineering Units (EU). : This field 1s floating~point in type (real—2 words

—format is wachine dependent floating- point representation) and has units of
EU/count. The information is stored sequentially starting with channel 1.
GAIN ~ The gain buffer stores the gain nof the signal conditioning. The buffer is

filled by the data collection program just pridr to the collection of data if the

" computer has remote gain read capability, else it must Be manually filled by the

operator if no remote gain read is available. Normaily, its value is "1" to
signify that no gain read is available. The units of this buffer are noﬁ really
GAIN but 1000/GAIN switch reading, or millivolts per ful]escale deflection (the
reason will become clearer later on whén fermé are combiréd to calculate Engineer-

. ‘|‘r
ing Units). Again 128 channels have been allocated (inté%er type) starting with

channel 1,
TRANSDUCER SENSITIVITIES -~This buffer is used by the system to compute the SYSTEM

SENSITIVITIES. The number entered here is the value of the shunt for the particular
channel (in Engineering Units) divided by either the millivolts per full scale (at
the time that the shunt is being performed) or 1000/GAIN switch reading (again at
the time of the sﬁunt). The philosophy here is that the shunt gain may be different

than the gain used at the time of data collection. In order to compute SYSTEM
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SENSITIVITY, the §ooputer takes a base-line reading and then a shunt reading.

This delta A/D count reading represents the number of counts that corresponds

to the value stored in the TRANSDUCER SENSITIVITIES buéfet. In order tc get EL’

count take the TRANSDUCER SFNSITIVITIES value and divide it by the delts couni

read’ g; This is then SYSTI'* SENSITIVITY. Again note thar '28 channels of 1£for-
sation have been alloted for this buffer and that the representation !s ;achine
dependant floating-point tnat occupies two sixteen-bit words per value. Zero =~-

i Ihe ZERO buffer (128 channels of {loating-point values) has the value of the
instrumentation zero. This is norﬁally filled prior to data collection and 11‘
subtracted cut of the calculation for Engineering Unit conversion in order to get
rid of amplifier drift or offsets. The value stored in the buffer is A/D counts
-ultipiied by the GAIN (1000/GAIN switch reading or nillivolg pef full léale) of
the instrumentation when the ZERO was taken, ‘

. REFERENCE =~ In some tests, such as air cushioﬁ or wind tunnel tests, it is desir~
able to-also include a reference level that will be used (somehow) in the calcula-
tions to compute Engineering Units., 128 chann2ls of floating-point values have
been reserved for this usage.. Again, this buffer.iu stored as A/D ccounts times
GAIN at the time the reference was taken, Channel 1 is firat as in all the other
flelds.

CHANNEL _ID — This field contains ASCII data that is channel identifier inform-
ation. Ten characters have been allocated for up to 128 channels where two ASCII
characters may be stored in a sixteen-bit word. The total length of this field

is therefore 1280 words.

TITLE -- This last buffer contains the title of the trial and may be used to store

information about the test, such as model name, ship name or other administrative
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. information. 128 characters are available to store this inforaation (again 2
_ ASCII character per word) so that 64 words are required for this field.

ENGINEERING UNIT CONVERSION CALCULATIONS

V_If we can assume that the data collection program has filled all the sbove
‘buffers éorrectly. the calculation of the actual Engineering Units 1is straight-
forvard. | .

EU = ((( A/D counts * GAIN) = ZERO) # SYSTEM SENSITIVITY)
The units above work out to be Engineering Units. Note that in this case the
CAIN is 1 due to the fact that the computer has no remote gain read capability.

DATA_RECORDS. ' |

As noted aﬁove, the CCI record is written to tape at the start of data
v collection, and 1is then‘followed by the data records. The data reqotdl appear
iequentially until an end-of~file mark. The.data contain Word 9 frames of data
‘;xcept the last record, which may not be completely fiflled. For this record, any
unuled‘portiont of the record.qre filled with a “f111" character which il a 27703
(decimal) or 111711 (octal). | |

The frames are stored as follows: ore scan of the A/D channels appear first
(starting with channel 1), followed by the digital channel.

The one last aetail of the data record is the fact that different A/D convert-
- ers presént the data torthe computer in'ditferent forms. The DEC A/b'converter
present the data as right justified (12 bits) counts in the range of 0-4095, 1In
order to get a +/— range of counts, the user has to subtract 2048 when the duta is

'read back from tape. In many cases the data acquisition routine doen not have

- n,;enough time to procesa this data in order to format it for the user befote the data

"1: written to tape due to :he high data throughput rates requested by the user., It

“ is for that reason that the data has to be reformatted by the applications program,
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DATA REDUCTION OF TAPES WRITTEN IN CID FORMAT

The data reduction process is not too involved when the data is written using
this format for magnetic tapes. First, the tape has to be positioned to the proper
file. Tape positioning may be done in any convienent way as each file has a uniquev
POINT number., So, dctcrliﬁo the point number of interest from the data acquisition
log, ind skip files until you find a file vhere the ID record (it is the first
record in the filg) has the desired POINT and RUN number. Read in the entire ID
record as it will be required later for EU conversion and titling of output. Use
routine DREAD to rénd data records off the tape, and with the para the paraméters
passed back to the main routine, it is very easy to construct a double DO LOOP in
FORTRAN to sequentially process all the frames of data {n the file. The subroutines
are included in this appendix that show a set of routines to compute the MEAN, MIN,
MAX, and RMS. of all channels on a CID standard data tape.

It is recognized that certain applications don't require ghat all the channels
on a data tape be processed. In that case, the user will have to consult the run
log to determine the position of the deaifed chanﬁels on the A/D patch list. Their
position on the A/D corresponds to its position in the data frame, For example,
we acquired 32 channels of analog information and had one digital channel. We are
only interested in processing the last 16 channels on the A/D. So, we read in one
data reéord and instead of starting the data reduction with the first channel in
the frame, we add a bias of 16 to our buffer pointer., Therefore, the first anel
we will look at is the seventeenth channel and we can proceed sequentially for the
16 channels of interest. Then, before we proceed to the next frame, we again add
16 to our buffer pointer in order to skip over the first 16 channels of the next

frame that we want to ignore.




Qubroutine MMMRM3

SUBROUTINE MMMRMS

D e N N T T T e T

OO0

OO0 0n

atdacon

THIS SURQUTINE READS A CID PDP DATA TAPL,

IT CALCULATES MEAN MAX MIN & RMS POt EACH CHANNEL.

IT EU’S THE RESUL.TS AND WRITES THLM TO THE LINE PRINTER
IT ALSO PUTE THE RESULTS IN A DISK FILE

WRITTEN BY JCD3 NOVEMBER 1970

INTEGER IPH(2), 1VIME(4), IDATE(D), ITIME2(4), ICAGE(40)
INTEGER DBUFF (1920)

INTEQER RUN, POTNT, YUY

INTEGER MAX (A0: 11111(40)

REAL XBAR (40}, A1AX(40), AHIN(AO)

REAL MEAN, RMS

REAL COUNT(40)

The following COMMON block is the CID ID record

COMMON KONS (44), SSENS(128), IGAINCL28), T6I1145¢128)Y, ZERO(C128)
COMMON REF (128), ICHID(S, 128), ITITL (44D

THESE ARE ADDITIONS

COMMUN MEANC40), RMS (40 1. 11AN
COMMON COUNT

EQUIVALENCEC(ITING (1), KDNS(BO)).(IGAGF(I) REF(B0)) o ,
EQUIVALENCF (11 1ME, KONS22)) : : - el
EQUIVALENCE (RUN, KOMS(1)), (POINT, KONS(2)) ‘ p "
EGQUIVALENCE (NCOMM, KONS(73)), (NADC, KONS{10))
EGUIVALENCE(HAX(l).AHAX(QI)).(HlN(l) AMIN(21))
DATA IPH/’ A’, ¢ B’/

0 ocooonon

OUTPUT CONSTANTS TO LINE PRINTER

CALL KONDUT(IDATE, ITIME)
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¢ :
C READ DATA TAPE AND CALCULATE MEAN., MAX, MIN. & KMS IN COUNTS

C
CALL AVGRMS (DBUFF, NCOMM, NADC, MEAN, RMS. MAX, MIN, COUNT)

BUBTRACT THE ZERO AND CONVERT TN ENCINEFERING UNITS

/

cooOn

DO %49 I={, NCOMM

ROAIN=IQAIN(T)

RZERDO = ZERO(])

RSENS = SSENS(I)

XBAR(])= (MEAN(1)#RGAIN-RZERD) *REI:NG"

AMAX (1) =(FLOAT(MAX(1))#RCGAIN-RZER() #RSF.NS
AMINCI )= (FLOAT(MINC(I) )#RGAIN-RZERD) #RSENS
RMS(1)~RMS(]1)#RCGAINKREENS

3y CONTINVE

«

¢

C. CALCULATE TIME OF POINT

¢

c USE CHANNEL 1 COUNT CAUSE THAT SHOULD NEVER BE

c ONE OF THE CHANNELS THAT 1S GPECIAL AND HAS

c ERROR INDICATORS.

c

¢ ' _
TTIME=FLOAY (KONG(A) ) #0. 001 #COUNT (1)

¢

¢

C. WRITE HEADER 70 LINE PRINTER

[ .~ .
WRITE (6, 9110) (1717L(1).1v1.b4)

9110 FORMAT(/////, 1X, 6AAR

¢

WRITE (&6, 9100) KONS(2), KONS(L),
1 ITIMEZ, IDATE, ITIME, KONS(4), TTIME
9100 FORMAT(/* P O I NT ’,18,5X, ‘R U N’, 10,

1 * TIME OF RUN’, 5X, 4A2 //»
=4 ‘ TIME AND DATE OF ANALY 'SX 442, AL, 33X, 4AR, / /.
3 *8CAN * E R l oD = “,I%° MS5 /10X
4 ‘DURATION DF POINT = *,F15.3,* S L C'//)
c .
¢ :
WRITE (6, 90000)
90000 FURMAT(1X., ‘C H 210X, ‘C H 1 b,
1 13X, ‘"M E A N7, 10X, 'M A X’, 10X,
2 ‘M I NSROX, 'R M 57, 10X, "COUNT )
c .
C

C. WRITE PARAMETERS TO LIME PRINTER

¢

DO 1100 I=1, NCOMM

WRITE(4.9010) 1, C(ICHID(IZ2, 1), 12=1, %),

1 XBARCTI ), AMAX(T), AMINCI), RM(1), COUNT(])
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9010 FORMAT(IS, 13X, 3A2, 10X, IPEL) . 4,
1 SX, {PE11. 4, 4X, 1PE11.4, 4X, 1PEJ1. 4, 4X, 1PE11. &)
1100 CONTINUE
WRITE (6, 9999)
9999 FORMAT(1H1)
¢
RETURN '

s
.

c
END

Subroutine AVERMS

SUBROUTINE AVGRMS(DBUFF, NCOMM, NADC, AVG, RMS, MAX, MIN, COUNT)

WRITTEN BY JOHN DAVIES 195-MARCH-1976
MOD 2 BY NED W. RMHODES 11-MAY-74&

MOD 3 BY NED W. RHQODES 13-MAY-764

MOD 4 DY JOHN DAVIES 7-NOV-78

MOD 9 BY NED FOR THE CORT 23 -JUL-79
THIS SUBROUTINE READS DONE FILE FROM A CID STANDARD DATA TAPE.
IT COMPUTES THE AVERAGE., RMS, MA. & MIN FOR EACH DATA CHANNEL.
THE PROGRAM COMPUTES AND RETURNS VERYTHING IN COMPUTER COUNTS!
CALLING SEGQUENCE:
CALL AVGRMS(DBUFF, NCOMM. NADC, AVC, RMS, MAX, MIN, COUNT)
WHERE
DBUFF A 1920 WORD INTEGER ARRAY IN THE CALLING
PROCRAM THAT MWiLL BE USED TO BUFFER THE DATA
INTO THE COMPUTER.
M
NCOMM TOTAL NUMBER OF CHANNELS MULTIPLEXED IN DBUFF
NADC NUMBER OF CHANNLELS FROM THE ADC MUX

AVC A REAL VECTOR WHERE THE AVERAGE WILL BE STORED

OO0 COaTTOCOAATTOONOO0N0TI00CTANAIONC0D

RM3 A REAL VECTOR NHtRE THE RMS WILL BE STDRED
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MAX AN INTEGER VECTOR WHERE THt MAX WILL BE STORED
MIN AN INTEGER VECTOR WHI:RE THE MIN WILL BE STORED

COUNT A REAL VALUE CONTAINING THE NUMBER OF AVERAGES
PERFORMED IN AVGRM3 :

NOTE:
i. THE CONSTANT RECORD MUST BE READ BEFORE

CALLING THIS SULROUTINE

INTEGER DBUFF (1)
DIMENSION AVG(1), RMS(1), MAX(1), MINCL)
REAL COUNT(32)

. INITIALIZE!

DO 1 I=1, NCOMM
COUNT(I) = 0.0
AVG(1)=0 0
PMS(1)=0.0
MAX (1) ==-32767
MINC1)=32767

| CDNTTNUE

ol
. READ THE}NEXT DATA RECORD

S5 CALL iREED(DBUFF.NCDHH.NADC.ISTAT)

.CHECK FOR END OF FILE
IF(ISTAT. EQ. -1)G0 TO 30

. SET POINTER WITHIN DATA BUFFER TO ZERO

IPT=0
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COMPUTE THE SUM, SUM OF THE SGQUARES: MAX, MIN, & TOTAL 0OF SCANS
.. OF EACH CHANNEL RECOR)D DBY RECDRD

[ ol o W ¢ W

DO 10 U=, TSTAT
DO 10 I-1,NCOMM
IPT=IPT+4]
12 . IVALUE=DBUFF (IPT)
VALUE = IVALUF
AVE (1)=AVG (1)+VAlL UL
RMS (1) =RMS (1) +VAI UE «VALLUL
CIFCIVALUF. 6T MAX{TY) MAY (T = TVALUE
IFCIVALUE LT MIMcl) mMInVI) = 1IVALUE
COUNT(T) = CQOUNTOTG 2 ] O
10 CONT INUF
(.
¢
C. GO READ ANOTHER DATA RECORD
(
60 TO 5

. WHEN AN EOF OCCURS WE GZT HERE

CAL.CULATE THE AVERACGE AND RMS

T n

30 DO 40 1=1i, NCOMM
IF(COUNT(1) EQ O O) GOTO Al
- AVE(T)=AVG (1) /COUNT(])
RMS(I)=SQRT(ABS(RMS(1)/COUNT(I)--AVG(1)*#AVG(1)))
GOUTO 40
4) AVG(L) = O 0O
RMS(I) = 0.0
40 CONTINUE

RETURNMN,
FND

Gubroutine DRIEDD

SUBROUTINE DRCED( IBUFF, NCOMM, NADC, IGTAT)

RDUTINE 70 READ A CID/PDP DATA TAFE. THIS
ROUTINE W1iLL READ A DATA RECORD, GHIFT DATA
AND LET CALLER KNOW HOW MANY SCANS IN THE RECTRD.

e XeNe N ¢ Rel
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CALL DREAD (IBUFF, NCOMM, NADC, ISTAT)

IBUFF - 1920 WORD BUFFER IN CALLING PROCRAM TO HOLD DATA
NCOMM - NUMBER OF CHANNELS COMMUTATED

NADC - NOT USED IN THIS VERSION
1S14T - RETURNED VALUL. + NUMBER OF SCAN/RECORD
g - END OF 1-JLE ENCOUNTERED

DIMENSLON JBUFF (1)
DATA 1FILL/-27703/
DATA IMT2/0/

FILL CHARACTER

1STAT:=1920/NCOMM
LPOS=1STAT #NCOMM

READ DATA RECORD

CALL BFINP(IMT2, IRUFF, 1920)
IF(IEOF (IMT2). GE. 0) GO TO 10
ISTAT=-1

RETURN

CHECK FOR FILL CHAR IN LAST POSITION .

IFC(IBUFF(LPOS)--IFILL) 3.4, 3

FIND LAST SCAN OF GUOD DATA IN RECORD

J=LPOS~-NCOMM+ 1

DO 5 I={, ., NCMMM
WOIBUEF CLY-JF UL Y D& D
TONT TN .
1S1AT:= (1~ 1) /NCOMM

FIX DATA BUFFER

IPT = |

IDIF = NCOMM - NADCG

PO 20 J = 1, ISTAT

DO 21 I = 1, NADC :

IBUFF(IPT) = IBUFF(IPT) - 2048 !'CONVERT TO +/- COUNTS
IPT = IPT + 1
CONT INVE

IPT = IPT + 1DIF
CONTINUE

RETURN

END

'SKIP OVER DIGITAL CHANNELS
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APPENDIX C
HEADER LOGS FOR M/V S.J. CORT DATA RUNS

A listing of the header logs for all data runs taken during the course of
the Fall wnve/.tresn/prgp;ure measurements on the CORT follows the text of this
sppendix. These logs contain information as to the ship's speed, heading,‘loca—
tion and draft in addition to the observed wind and wave conditions existing at the

time of the data run. Also included in the logs is information pertaining to the

date of the run, time of day and remarks before and after the run which might pro-

vide additional information about the rum.

The location reported in terms of North latitude and Wést longitude is tﬁe
best estimate by the mate on watch as to the actual location of the ship at the
start of the data ruﬁ. Vessel speed was determined by the mates on wat?h by log=-
ging distance covered over a period of time. No direct reading of ship speed is ‘
nvnil;bla. Vessel heading is that read directly from the ship gyrocompass. The
wind speed and direction are the true wind speed and direction existing at the
Bstart of the data run as computed at that time, Wave height and direction are
based upon visual estimates of the sea running at the start of the data run. The
wvave height indicated is a visual estimate of the significant wave height (one
third highest) opserved before the data run was begun. The wave direction indi-

" cated as a visual estimate of the direction of the predominant sea running at the
tinc.of the run and is given in terms of where the waves are coming from. As an .
example of how to determine the wave to ship heading angle we will look at RUN 77.
The vessel heading is given as 256 degrees and the wave direction is given as 250
degrees. Then with the ship heading on a course of 256 and the waves coming from
250‘deg;ees, the ship would be encountering the waves from 6% to PORT of the ships

bow.
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This would be classed as a head sea case in the groupings used in the text.

The vessel draft indicated is the draft at the ships' bow. To establ;sh the
trim of the ship for a particular run, Table Cl should be employed to determine the
ships draft amidship and aft. For example, if the vessel draft indicated in the

log is 15 feet, the corresponding drafts for forward, amidship and aft would be

15'4" forward, 16'11" amidship, and 19'8" aft respectively. These drafts are based
upon the different ballast conditions that the ship operates at during the upbcund
trip. During the downbound or loudéd part of the trip the ship draws 27 feet with

no trinm.
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TABLE Cl - CORT DRAFTS FOR LOAD/BALLAST CONDITIONS

CONDITION LOG ENTRY

Bsllast Code 1 12'-12!
‘Ballast Code 2 15'-16'
Ballast Code 3 17'-18"
Ballast Code & 19'-20'

Ship Loaded 27"

DRAFT FWD
12' -5°

15°=4"

17'-0"

20'-7"
27'-0"
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DRAFT AMID

15' -8”
16711
18'-11"
207"

2'-0"

DRAFT AFT

19'-6"
19'-8°
21'-3"
220"

27'-0"
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APPEDIX ]

Maindeck and bottom strain gauge time
histories for the 8 coxditions listed
in Table 2.

Notes: -(a)_ DT in Run # stands for DTNSRDC

(b) 1800 second plot 1s total run
data plotted on single graph

(c¢) 550 seconds plot 18 the first
part_of‘ each run

(d) Note the assymmetries in the
maindeck data. The cause of this
is the subject of further
investigations

(e) Approximate engineering conversion
units:
Maindeck 19.52 psi/count

Bottom 19.21 psi/count
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American Bureau of Shipping

ABS has submitted updated versions of the
vertical bending moment transfer funétions
for the M/V STEWART J. CORT. These versions
are shown in Parts A, B, and C of this
Appendix. Purt. C 1s the most recent version
and was extracted from:

American Bureau of Shipping
Ocean Englneering Division
Technical Report OE-81001
. "Evaluation of Analysis Methods for
i Predlcting Hull Girder Dynamic
Responses in Waves"
January 1981 .
Y. N. Chen
J. W. Chion

Part A: "Pransfer Functions of Vertical Bending
Moment Amidships for M/V STEWART J. CORT" ..e...Dg. E=2
30 May 1980

Part B: Undate - "M/V STEWART J. CORT Full Scale
Instrumentation - Camparison of Vertlcal
Bending lMoments AmiAships™ ceeeceveresascennsesssDg E~13
3 September 1980

Part (: Update - "Revised vertical bending moments
aridships for the original 8 conditions
listed in Table 2 of main report" coeveecesssess.Dg. E=34
January 1981

E~1
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30 May 1980 : Zle Ff. -1

Lt. Mark Noll

U.8. Coast Guard Headquarters (G-DMT-1/TP54)
2100 2nd Street, S.W.

Washington, D.C. 20593

Subject: Transfer Punctions of Vertical Bending
Moment Amidships for M/V STEWART J. CORT

D.ar Lt. Noll:

Enclosed pleage find ouvr theoreotical results of the subject
analysis, which are presented an both tabular and graphic

forms. The analysis was performed for the eight conditions
specified by Capt. Veillette's letter of 5 March 1980, addressed
to our Dr. H.H. Chen. In our calculation, the load distribution
which has to be input to our computer program was obtained by
adjusting the loading conditions that were sent to Dr. Chen

in a subsequent letter of 14 May 1980. The adjuvstment was made
80 that the forward and aft drafts were the same as given in

the 5 March 1980 letter. Therefore, the load distribution

used in our calculation may be different from the actual case.

Kindly notice that in the tables enclosed herewith, w, and w are
the frequency of encounter and the wave frequency, respectively.
M, is the vertical bending moment amidships of the ship in a
wave of one foot amplitude. Thus, M, is the transfer function
of vertical bending moment.

We understand that DWINERDC will compare the calculated transfer
function with the measured data. We would appreciate receiving
the final report on the correlation, whenever it becomes availabie.

-1 -
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AMERICAN BUREAU OF SHIPPING

TO Lt. Mark Noll

-~

Encl:

-
- .
RS RAT

FEE R NEG-Shins. VAU

_ . - e
‘;u.«._..o.u..uun:- o oMl . S smn o.

- -
PO RS SO R

|

T e e e aabite o P < aedl  dbeaat Ae

ract  Two rerer 10: DB/m1

pare 5/30/80 rite nes: RD-1

‘ Should you have any questions regarding our calculation,
' please feel free to contact Dr. Chen at (212) 440-0466.

Very truly yours,
AMERICAN BUREAU OF SHIPPING

Stanley G. Stiansen
Vice President

u
Chief Research
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Part B

Update = "M/V STEWART J. CORT Full Scale Measurements—
Carparison of Vertical Bending Moments Amidships”
3 September 1980 _
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3 September 1980 Yt Ry RD=3

Captain H.M. Veillette

Chief, Marine Technology Division
U.S. Coast Guard

Washington, DC 20593

Subject: M/V STEWART J. CORT Full-Scale Measurement-
Comparison of Vertical Bending Moments Amidships

Dear Captain Veillette:

This is to acknowledge receipt of your letter of 19 August 1980,
addressed to our Dr. H.H. Chen, regarding the subject matter.

In your letter you forwarded materials on the comparison of
measured vertical bending moments amidships with the results
calculated by ABS and Webb Institute for the subject ship. It
was also requested that we provide you with the low frequency
dynamic bending moments computed with the program ABS/SHIPMOTION.
We have reviewed the comparison, and offer the following comments:

1) The transfer function of vertical bending moment that we
provided for the comparison was calculated by our program
SPRINGSEA-II. The agreement between our results and the
measured data in the high frequency (springing) range, as
well as the significant value of springing bending moment
is, indeed, very encouraging.

2) The bending moment transfer functions computed by the program
SPRINGSEA-II are also valid in the low frequency range. 1In
order to demonstrate this point, we have employed ABS/SHIPMOTION
to calculate the low frequency transfer functions for the 8
conditions which are considered in the comparison. Results
obtained are superimpnsed over the transfer functions generated
by SPRINGSEA~II, mentiuned in item 1. These results are
displayed in Figures 1-8 enclosed herewith. Very close
agreement is evident. On account of the confidence accorded
to the ABS/SHIPMOTION results, the transfer functions of
SPRINGSEA-II in the low frequency range are thus judged to be
correct.

TELEPHONE 212-440 0200 CABLE ADDRESS "RECORD” TWX' 710 581 3089 TELEX ITT 421966 RCA 232099 WU!I 620353
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: AMERICAN BUREAU OF SHIPPING ract Two wefer to: DL/HHC/ml
10 Captain H.M. Veillette pare 9=-3~80 riLe rer: RD=3
: 3) . We understand that the transfer function deduced from

4)

measured data is taken to be the square root of the
measured bending moment spectrum divided by the measured
wave height spectrum. It is expected, in general, that
reliable results can be obtained from this procedure,
provided that both bending moment and wave spectral
ordinates are sufficiently large for producing non-biased
data. This is not the case in the low frequency range of
all 8 cases under consideration as evidenced by the small
values of the wave spectra transmitted to us by your letter
of 2 June 1980. 1In all cases, the wave energy in the low
frequency range is seen to be extremely small. Hence,
comparison should not be made in this range, unless similar
data can be gathered under much more severe sea conditions
where significant wave energy exists in the lower end of
the wave spectrum.

Possible discrepancy between the analytical results obtained
from Webb's computer program and the ABS programs had been
suspected during the course of development of the ABS 1978
Great Lakes Bulk Carrier Rule for longitudinal strength.
Attempting to resolve this issue, we had requested and
subsequently received a program from the Coast Guard. This
program was developed by Mr. T. Zelinsky at Webb, which, as

we understand, is for head seas only. Previous comparison

for Great Lakes vessels in head seas indicated that agreement
between programs in our possession and SPRINGSEA-II were quite
good in the high frequency range. This is illustrated for the
Cort in a ballast condition by the display of Figure 9 enclosed.
In the low frequency range, the Webb formulation is not expected
to be valid and the agreements are poor. This point was estab-
lished through our communication with Mr. Zelinsky at that time.
In regards to the poor agreement between the analytical results
obtained by ABS and Webb as exhibited in the comparison, it can
be traced to a number of possible sources, among which are the
appropriate use of the Webb program in non-head seas conditions
and the discrepancies among the several versions of Webb's
program. We have no ready means to investigate these pos-
sibilities.

-2 -
E-15




AMERICAN BUREAU OF SHIPPING ract Three

10 Captain H.M. Veillette oATe 9=3-80

We believe the enclosed comments will provide som
as to the differences between the calculated and

.Luu vo: DL/HHC/ml
FILE REF: RD~-3

explanation
leasured bending

moment transfer functions. If you have any questions regarding
our comments, please do not hesitate to contact Dr. H.H. Chen

at (201) 440-0466.

Very truly yours,

AMERICAN BUREAU ‘F SHIPPING

Vice President

Qy:

na Liu

Encl:

| Stanley G. Stianﬂen

|

Chief Research Engineer
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Part C

Update « Revised vertical bending moments anmidships
for the original 8 conditions listed in Table 2
of main report

Jamuary 1981
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"7 April 1981 | G Ry RD~-1

Captain H.M. Veillette

Chief, Marine Technology Division
United States Coast Guard

2100 Second Street, S.W.
Washington, DC 20593

Dear Captain Veillette:

With reference to our letter dated 17 March 1981, we have now
completed the technical report entitled "Evaluation of Analytical
Methods for Predicting Hull Girder Dynamic Responses in Waves",

Report No. OE-81001 by Y.N. Chen and J.W. Chiou. We are now
forwarding this report to you in the enclosure. The revised transfer
functions corresponding to the eight cases selected from the Coast
Guard's full scale stress and wave measurement program are contained
in Appendix B. In addition, comparisons have been made in this report
between our approach and the formulation of Goodman which has been
programed for the Coast Guard by Webb Institute. We would like to
thank you again for making the latter computer program available to us.

We hope this report would provide interesting reading. Meanwhile, we
are looking forward to receiving the draft- of the DTNSRDC report and/or
its appendix as mentioned in our 17 March letter.

Very truly yours,

AMERICAN BUREAU OF SHIPPING

Stanley G. Stiansen
Vice President

By:

ona Liu
Chief Research Engineer

Encl:

TELEPHONE:212-440-0300 CABLE ADDRESS "RECORD” TWX: 710-581-3089 TELEX:ITT 421966 RCA 232099 WUI 620353
E~35
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4% The following pages are excerpts ###
###% from Technical Report below babdedef

AMERICAN BUREAU OF SHIPPING
OCEAN ENGINEERING DIVISION

TECHNICAL REPORT
OE-81001

EVALUATION OF ANALYTICAL METHODS
FR
PREDICTING HULL GIRDER DYNAMIC RESPONSES IN WAVES

BY
Y. N. CHEN
J+» W, CHIOU

JANUARY 1981 °

Revigsed March 1981
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AMERICAN BUREAU OF SHIPPING

ABSTRACT |

!

A step-by-step synthesis of the analysis for the dynamic
response of the hull girder to wave ex¢itation based on
various formulations is presented. Aspects examined in
the present work include®those for the!determination of
wave exciting forces, for the analysis'of vibratory
motion, of the damping prediction, and those for the long-
term prediction in the realm of longitudinal strength
evaluation. Sources of discrepancy among analytical
methods are identified through quantitative comparison.
They are also compared with results deduced from full
scale measured data. The latter is analyzed by the
application of the modified "partial spectrum”™ method

for damping evaluation and by the Ochi long-term method
for extreme value extrapg)lation.
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(page 1)

I INTRODUCTION

A major consideration in the evaluation of a ship's longitudinal
lt:ength is the dyn&mic response of its hull girder under the in-’
fluence of wave action. In this connection, the capability of the
hull girder is primarily measured by the combined effect of three
bending moment components, namely, the bending moment induced by
the direct action of the waves, the bending moment induced by‘the
rigid body motion of the ship, and the bending moment attributed

to the dynamic amplification of the hull structure's vibratory motions.
. ‘ Y

~

(page 3)
It is interesting to note that the Coast Guard has under-

taken a full scale wave and stress measurement project during

the 1979-80 season onboard of the Great Lakes bulk carrier R
Stewart J. Cort which results in producing a number of transfer

functions (RAO) of bendiné moment. Preliminary comparison in-

dicates that the calculated results of SPRINGSEA-II compare o
somewhat more favorably than the first method. Nevertheless, |
such comparisons are not conc;usive. Limited comparison between

analytical results obtained from the aforementioned computer pro-

grams indicates that the discrepancy near the springing peak of

the transfer function may differ by a factor of 2 or higher. Al- ».
though this observation is by no means conclusive, the large dif- ‘
ference in itself is a manifes _.tion of how unsettled springing

analysis remains. 5 E~38




(page U4)

In dealing with the synthesis of analytical determination
of the vipratoty motions, a simplified method, based upon the
classical Hamilton variational principle is developed. This
method, on accoﬁnt of its simplicity, offers the'poslibility
of investigating the step-by-step excursion of the two basic
methods of Referencés (1, 2, 3], and Ref. [4].

In a way, the present energy method serves as a tracing
mechanism. 1In order to separate the issues of wave force cal-
culation and methods of vibration analysis, the computer program
for the‘energy method is designed to accept wave-induced forces
as input information but the motion (rigid body) induced force
is determined within the program. Other than this aspect, thne
energy method can also stand on its own as a complete method for
the determination of the transfer function, valid/throughout the
entire frequency range provided that the wave-induced force is

valid in such a range.

The present energy method has been used to calculate transfer

functions of bending moment of the Stewart J. Cort for eight load-

ing conditions in conjunction with the aforementioned stress mea-

surement project undertaken by the Coast Guard.

E-39
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(page 81)
| VIII CONCLUSION

,/‘ A step-by-step synthesis of the analysis for the dynimic

e e e

response of the hull girder to wave excitation in the context of
longitudinal strength has been presented in the preceding sections.
The Great Lakes bulk carrier M/V Stewart J. Cort has been selected

as an illustrative example. Through the comparison of results at

various stages, the following conclusion can be drawn.

1. The discrepancy in the computation of transfer
function (or RAO) is traced to, primarily, the
method émployed in the calculation of wave-
induced forces. As for which of these methods
is more preferable, it appears that the method
of Salvesen et. al employed in Ref. [(13] should
'53 used by inference to the comparison of long S
term results. Other methods for computing the
wave-induced ‘forces are valid in the low frequency
range but the corresponding wave excitation is

judged too high in the high frequency range.
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AMERICAN BUREAU OF SF [PPING

APPENDIX B

The presenvt energy method.has been utilized to compute
transfer functions for comparison with the USCG wave and stressA
measurement project mentioned earlier. ‘rowpurpose, the theo-~
retical transfer functions corresponding to the following eight

cases have been obtained.

DRAFT
“Ship-Wave
Condition Speed (MPH) FWD MID AFT Angle (Degrees)
1 14.4 19'11" 20'7" 22'0" 6
2 14.4 19'11" 20'7" 22'¢c" 11
3 14.7 27' 0" 27'0" 27'0" 6
4 14.2 270" 270" 27'0" 9
5 13.5 270" 27'0" 27'¢" 23
6 13.5 27'0" 27'0" 27'0" 10
? 11.6 18'0" 19'11" 21'3" 0
8 11.6 19'11" 20°'7" 22'0" 20

The resulting transfer fur~tions of vertical bending moment
amidship are tabulated below and they are displayed in Figs. B-1
to B-8. '
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APPRIDIX F

University of Michigan - (Armin Troesch)

"Mheoretical Estimate of the RAO for the
M/V STEWART J. CORT"
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THE UNIVERSITY OF MICHIGAN - ‘
DEPARTMENT OF NAVAL ARCHITECTURE AND MARINE ENGINEERING

NA&ME BUILDING, NORTH CAMPUS
ANN ARBOR, MICHIGAN 48100
(313) 764-8470 :

October 31, 1980

Lt. Mark Noll
G-DMT/TP54

U.S. Coast Guard
washington, D.C. 20590

Dear Mark:

Please find enclosed the brief descriftion of my method of predicting the
M/V SJ Cort response amplitude operator. The emphasis of the work is on veri-
fying the form of the equation of motion, and the magnitude of the excitation.

Both of these seem to be reasonably predicted by the approach shown. I am sorry
that I could not get the results to you earlier.

If there are any questions, just ask. Also have a good trip this November.
Sincerely,
M
Armin Troesch

AT:ab
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Theoretical Estimate of the LAD
for the M/V Stewart J. Cort

October 30, 1980

Prepared by A.W. Troesch, P.E.
Department of Naval Architecture
and Marine Engineering ?
The University of Michigan




Theoretical Estimate of the RAO for the M/V Stewart J Cort

Prepared by Armin W. Troesch, P.E.
University of Michigan

The purpose of this brief paper is to give a detailed description of how
the rasults of the ABS/MARAD funded Springing Project can be used to predict
the RAO for the midship bending moment of a Great Lakes bulk carrier. For the
sake of Lrevity, only the case of resonant response in head seas will be

considered. For the off-resonant frequencies, the method is essentially the

SaMme.

As described by Troesch (1980), there is little or no coupling between
springing and the rigid body modes of motion of heave and pitch. Let us also
assume that 1) there is little coupling with the higher mode ghapes and 2)
that gome of the hydrodynamic aspects of full scale flexible ship can be
approximated by the hinged model used in the experiments at the Univeraity of
Michigan. The uncoupled differential equation describing the normalized
springing response, qy , for the hinged ship is then‘given as

qz(azy+hAss) + qz(b22+322) + qaCpp = Mo(1+£A/£F) + Ey o (1M

For an explanation of the various coefficients see Troesch (1980). It is only

important here to note that
Mp = =kg(1 + 2a/%r) q2 (2)

where Mp is the midship bending moment and kg 1is the internal spring

constant.
Now define an intecrnal spring constant, c¢32 , as
c22 = kgl1 + £p/2p)2

and also the damping ratio, § , as

{by+B33)wp bya + By;
- =
2(cz2+C22) 2/ (cp+C2) (aga+Az3)

whera wg i3 the natural frequency in springing.

Wi




By uliﬁq the above definitions and equation (2), the :olutionbfor the
springing response to sinusoidal excitation is

By 1
- . ‘3)
9 u%(122+azz) L1-u§/w§)#12¢w,/u;]

Here 1 is used as an imaginary notation and equal to V<1 . By manipulating
the above expressions, the banding moment at midship can be shown to be

~E2 ) szik 1 :
( 1-m./uo Y+i2Cuwa/ug | 00( a22+A22) ‘H.'lh/lp»

Troesch (1980) contends that there is little hope of thooreéically

‘prcdicting the total springing damping, (bya + B33} , and so empherical

information must be used. 1In this study, we will use full scale datg t>
estimate both the damping ratio, [ , and the natural frequency, wy . The
other terms will be calculated or estimated from experiments,

If By in equation (4) represents the excitation due to an incident wave
of unit amplitude and frequency wg , then Mg can be written as My(uwa)
the response amplitude operator (RAO) of the midship bending moment. At

resonance (i.e. we=wq), the total bending moment becomes

-Ey Ca2 .
Mg = 1-= * (*)
(1+25/2p) (128) wg(a22+A22) :

If we knew the values of the various terms in equation (5), we could
calculate the first order RAO. Noll (1980) gives a range of values for §
and wg for the SJ Cort in various loading conditions. Restricting our
attention to the full load condition, the average values are the following:

Cave 2 0154
and

Uo 2 ,303 hz.

ave

If the more recent data from the fall 1979 SJ Cort measurements are examined,
the full load natural frequency for that set is close to wg = .32 hz. Both of

these natural frequencies will be used in the calculations.




The ship length to wave length ratio for a given frequancy of encounter
and ship velocity can be found from the following expression:

WX = L(-/g + /g +8x0ug)2/8702 " ().

In squation (6) the ship's length L , the gravitational constant g ,
and the forward velocity U must all be in consistent units. The frequency
of encounter, wg , 1s in cycles per second, i.e. hz. Setting wg =wg=.303 hz
or 32 hs and letting U take the values of 14.7 mph, 14.2 mph, and 13.5 =mph
the I/) ratios at resonance can be calculated and are shown in Table 1.

Table 1 = L/A Values for wg=ug

v wh 1 72
(mph) (wg=.303 hz) {wg=.32 hz)
14.7 ‘ 5,95 6.43
14.2 6.08 6,56
13.5 6.26 8.76

With these values for L/ and ?1quz;c 11 in Troesch (1980), the
magnitude of the first order excitation, E; , for the model can be
determined. The hydrostatic restoring coefficient Cpz3 can easily be
calculated and the model inertia and azdded mass, azy+Az2 , can be read from
Pigure 6 in Troesch (1980). EBEquation (5) then can be used to dstermine the
magnitude of the first order transfer function, Mg(wp). Table 2 susmarizes
the calculations for the RAOs. '

In relationship to Table 2, there are two points worth noting. Pirst,
the generalized excitation ¥ and normalized mass coefficlent azz+A32 used
in equation (S5) are for a hinged ship, i.s. two rigid halves connected by a
flexible npring at midships. This only approximates the full scale structural
dynamics. And secondly, the damping term Z is only an average. The actual
range of values varied from .006 to .025, a decrease of 39% to an increase of
62%. Bince M; is inversely proportional to ¢, it also can only bo_

considered as an averaga.

If the RAO for other frequencies is desired, equation (4) can be used in
a fashion similar to that already shown. Such calculations for the model were
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Table 2 ~ Various RAO's for the SJ Cort at Resonance

wg = 4303 hz
u Ey (model) Mz (full scale)
(raph) (£t~1bs/ft) (ft~tons/ft)
14.7 93 . 169,200
14.2 37 67,300
13.5 58 106,000
W = 432 he
v Ey (model) My (full scale)
{mph) (ft-1bs/fEt) (ft~-tons/ft)
14.7 130 . 237,000
14.2 148 269,000
13,5 128 235,000

done by Troesch (1980) and the results plotted in Figures 17 and 18 of that
work. (A copy of Figure 18 is includead here as an illustration.) See Troesch

{1980) for details.
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APPEMDIX 6

Webb Institute of Naval Architecture - (R. D, Sedat)

"Springing Calculations on the STEWART J. CORT
Using Linear Theory"
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CENTER FOR MARITIME STUDIES

WEBB INSTITUTE OF NAVAL ARCHITECTURE

CRESCENT BEACH ROAD GLEN COVE. NEW YORK 11542

“January 19, 1981

$PRINGING CALCULATIONS ON THE STEWART J. CORT

USING LINEP® THEORY

: : by R. D. Sedat
Springling is a wave induced vibration of a ship's hull which can
contribute substantially in certain circumsfances to the total bending
moment. Asjprediction of these bending moments in the design stage is
necessary t% enﬁure adequate longitudinal strength, the U. S. Coast
|

Guard undeﬁtook a ‘comparison of measured bending moments on the STEWART

J. CORT and?those predicted by linear springing theory.

The Ceﬁter for Maritime Studies (CMS) staff at Webb Institute of
Naval Architecture has been working on the springing problem for some
time. They‘have utilized as their starting point the basic linear sgringing'
theory propbsed by Goodman (1). Hoffman and van Hooff modified this
theory soméwhat to take into account speed effects on added mass and
damping. Zielinski then progranmed their work for ease in making bredictions.
These modifications are thoroughly described, along with program. documentation,

in References (2, 3, 4 and 5), so they will not be reiterated here.

Under contract with the U. S. Coast Guard, Webb Institute of Naval
Architecture was asked to apply this program to predict springing induced
bending mo@ent per foot of wave height for the STEWART J. CORT, a 998'

|
Great Lake% ore carrier, under the following conditions:

G=2




Draft
Case No.  Speed (ft/sec)  Fwd Mid Aft  Offset File Heading ° W

' | (rad/sec)
1 21.12 19'11* 207" 22'0"  ofcor3 - 174 2.205
2 21.12 19'11"  20'7"  22'0"  ofcor 3 169 2.205
3 21.56 270" 27'0"  27'0"  ofcor 1 174 . 1.960
4 20.83 270" 27'0"  27'0"  ofcor n 2,080
5 19.80 27°0"  27'0"  27'0"  ofcor ) 157 2.073
6 19.80 270" 27'0"  27'0"  ofcor 170 2.080
7 17.01 180" 19'I1"  21'3"  ofcor 2 180 2.205
8 17.01 19'11" 207" 22'0"  ofcor3 160 2.205

.2>we > 2.5 rad/sec

In order to calculate the springing response for these cases, Webb's
original head seas program was changed to account for other headings. This
principally involves a modification of certain terms in the exciting force

equation for wave headings which are not aligned with the ship's longitudinal

axis. Defining the heading angle as shown below: .
incident wave

2 _ ikx(-cos B).
Uy = ¥+ 93- u(-cos B) and £ =T~ . It can then be shown,

A

(see Appendix I for sample derivation), that the following equations from

Report International Shipbuilding Progress, Vol. 23, June 1976 .- No. 262,

pp. 192 - 193 become

W
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Original Equation Updated
Equation 12(g) (-cos B) * (Equation 12(g))
Equation 12(k) (-cos 5) * (Equation 12(k))
Equation 17(h) (-cos B) * (Equation 17(h))
Equation 17{m) A (-cos 8) * (Equation 17(m))

(Appendix I also contains a comparison of the original head sea program,
$PM2G162, and the modified version, SPM2G163).

After modifying the computer program to include these changes,
preliminary calcuTations were carried out for all 8 cases. The results
of the full load predictions (Cases 3 - 6), plotted in AppendixIIIL, are seen.

to be slightly high, but in reasonable agreement with the peak bending moments

measured at resonance.

The preliminary results of the 1ight load cases, however, were much
higher than the measured results. Accordingly, the remaining project effort
was directed towards explaining this discrepancy.

|
!

The offset files werz available at fortyrstations spaced between

perpendiculars. In the 1ight ioad cases, however, the actual waterline

was slightly shorter. Since this change was f%ss than 1% LBP, the available

offsets were.used to avoid having to interpol te and fair new stations at
the ends.

Sensitivity studies showed that bending rcrents were not overly
sensitive to a precise calculation of the mode shape. Studies on heading
effects, however, revealed that calculated bending moments could be twice

as high at 160° heading as at 180°,

G-4
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In several of the preliminary runs, the calculated speed dependent
added mass and damping viere of the wrong sign; i.e, overall damping should
increase and added mass decrease with forward speed. The program actually
carries out the integration of the local speed dependent sectional mass,

v AN » and damping, -V g%l (where N' and m' are the sectional

wZ dx

hydrodynamic damping and addgd mass, respectively). It can be easily shown,
however, ihat if the added mass and damping at the bow are zero, then the
integrals, / %gl and | ggl reduce to the values of N' and m' at the stern.
The program, however, approximates the derivatives by a simplificd difference
method and the resultant numerical fnaccuracy produces different answers.

The program was, therefore, modified* so that the values of N' and m' at

the stern are used for the integrals. This change improved the agreemént
between predicted and measured values slight]y.** Thus,'data files for the
other 1ight load case§ were carefully checked and the program re-run.***

The results of these calculations (Cases 1, 2, 7 and 8) are shown in Appendix III.

Conclusions

1. Webb's computerization of linear springing theory produceé generally
satisfactory results for the STEWART J. CORT, at full load, operating in

mild sea conditions.

*
I.e., 1ines 1631 and 1632 of the program listing in Appendix 1 were inserted,

*k
It can be seen, however, that the speed dependent terms are only a smaill
fraction of the total mass and damping.

dedeh ’
Some errors were found in the interpolated added mass and damping values

used in the first set of runs. The correction of these errors showed that
calculated bending moments were also particularly sensitive to added damping.
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The calculation of speed dependent added mass_and damping was found to
be fn error and has been corrected. Though these terms do not have a
large impact on the results, they show that the numerical techniques

used by the program for evaluating integrals involving ggl ’ g%— nd %%

are highly approximate. Since integrals of these types also occur
in the calculation of the exciting force, there fs a distinct 1ikelihood

this calculation too contains significant numerical errors,

Heading effects appear significant and should be included in linear
springing theories.

Peak bending moments calculated by the Webb program for the light load

cases are significantly too high in three cases out of four. The

crlculated exciting forces seem to be responsible for these high

bending moments. The fo11oQing possible exp]andtions are advanced:

a. Sensitivity studies have shown that results are quite sensitive
to variations in the hydrodynamic damping at the ends. Added mass
and damping in this study was determined by Frank Close-fit methods
at 40 stations between perpendiculars. At light drafts, LWL is
slightly different than LBP. To avoid interpolation of new'stations,
and recalculation of added mass and damping coefficients, the
values calculated between LBP's were used.

b. Offset files were also created for 40 stations aiong the LBP.

c. Wall-sidedness about the waterline is assumed for the calculation.
of exciting force. This assumption is more unrealistic for light

Toad than full, particularly at the ends of the ship.

G-6
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f d. Calculated exciting forces may be subject to numerical inaccuracy,

as noted in Conclusion 2,

.Reasons a and b can be eliminated by use of exact statjph locations.
Reason d could be changed by using a cubic spline technique to evaluate
more accurate derivatives. Reason ¢, however, cannot be changed without
extensive modifications to the program. Thus, until thesé changes are
effected, 1ight 1oad predictions by Webb's linear spring program should
be regarded skeptically.
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APPENDIX 1

MODIFICATIONS TO INCLUDE VARIABLE HEADINGS
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SAMPLE DERIVATION

For example, the term in Equation 12 becomes

' ‘ - - §
- -1uJ/' I e ka g thx(-cos 8) y(y) 4y

1= -u,fv g'kd' e Tkx(-cos B), X(x) dm'

Now integrate by parts,

[ = _,m{ [m. v'e-kd* e ikx(-cos 8) X(x ] |_ .-j"m. d (v o-kd* e ikx(-cos B)X(x) ) }

- - J O ﬁ'- B/
Eqn. 12(h) A
dw A= gV fm e7kd* o ikx(-cos B) %’f(ﬂ + dw vfx(x) m d [e:kd* e ikx(-~cos B)]
~ R — . — dx Y,
Eqn. 12(i) B

B=iwV/[m X(x) e kd* o ikx(-cos 8) (-ik-cos g) dx

= (-cos B) [-ka/m' X(x) e kd* eikx(—cos B) dx]

—

| .. -

Eqn. 12(k)
= (-cos B) * Egn. 12(k)

G-10
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I-2
COMPARISON OF HEAD SEAS PROGRAM (NO. 1) AND VARIABLE HEADING (NO.2)

14,227 SEC. 170 1/0
KEADY

TeX

enTeR MATCH SIZE? 2
125 COMMON /HEAD/ COSB,NAVENI ,ANS1(3) ,BETAD

270 X)X=-=2.0*U0B*COSB/CRAV
27V IF(XX. GT .I,E-O)Go TO o
272 ONVEGA=OIMEGAE

21s GO T 7

274 O6CONTINUE

275 LEi=1.042.0% XXxOKEGAE
276 IF(DEl. LT .0.)GO TO ¢
278 OMEGA=(SQRT(DES)=1,0)/XX
279 TCONTINUE

290 WAVEN=(OWEGA=OAEGA/GRAV
292 AAVENI==HAVeilxCOSE

300 #NS(1Z2,2)=2.%xP1/nAVEN]
270 X¥=2.0*U0B/GRAV

280 OMEGA=(SART(1.042.0*XX*(NIEGAE)=1.0)/XX
290 AAVEN=OMECAxOMEGA/GIAV
3C0 MMS(12Z2,2)=2.xPI/HAVEN

————mLANNNANNNNANANNNNON N

1352 AMS1(1Z)=BETAD

N

442 GO TO 10
444 9CONTINUE

446 HRITS(NTAPEL,91) . ,
447 DTFORIAT (//5k, S6HOMECA 1S UNDEFINED$ CASE TERRINATES. /414X, 20H17

448 &HEADING.)
449 10CONITTNUE -

502 CuMitDii /HeAu/ COSBAAVENT , ANSI(3) (RETAD ;

1192 wRITS(NTAPES, 102)
1194 READ(NTAPED ,103) BETAD
1190 CO3b=COS(PI*3ErAL/13C.0)

NN N O RRNNARNN

1311 102F0R%AT(1X , THHEADING)
1312 1C3FORMAT(F10.0)

N A

1842 COMMON ZHEALZ CUOSB,.AVENT ,ANSI(3) ,BETAD

[\

2 2090 CReX(1)=CHPLX(~iAVEN*DST(1) i AVENT*XI(1))
1 2090 CREX(1) =ChPLA{-dAVENXLST(I) ,wAVEN*XI(I))
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2190 FEX(5)=C0umP AxJUB*wAVENT *CYHPS

5
| 2180 CALLSPCOMP(WAVEN,CYAPS,CO,1 N, XUEL)
i 2190 FEX(5)=C0wPA*UOB*iAVEN*CYMPS

2 2250 FEX(4)=-0MEGA*UOB*AAVEN1*CYMPS

| 2240 CALLSPCOMP(WAVEN,CYH4PS,C0O,1 N, XLEL)
| 2250 FEX(4)==0MEGA*UOB* AVEN*CYMPS

Z 2702 CO#MMN /HEAL/ COSB,WAVENT,ANSI(3) ,RETAD

< 3130 FEXC11)==COaP AXJOb* {AVENI *CYAPS
} 3136 FRX(11)==C0aPAUOBA . AVEE*CYMPS

3180 FEX(4)=0MEGA*UUB* . AVELTI *CYMPS
3180 FEX(3)=0OMEGA*UOB*AVENXCYMPS

37382 Chardd /ZBEEAL/ COSB,WAVENT JANS1(3) ,BETAD

N

3360 TH=nAVENI»SEACE
3860 [H=1AVEN*SPACE

-~ A

419¢ CURMON /HEAL/ €OSB,IAVENL  ARSI(s) ,SETAD

[\%]

4220 & UNITHD*0 ,UNITF*6 ,UNITEM*6,UNI THL*6
4230 CHARACTER DivAME*21 ,DNAME]I %21

4240 DINEISTON DRAME(206)

4250 DATADNAMEZ2111SMHIP/EFF. #WAVE LENGTH,
4200 & 2VAEFFECTIVE WAVE LENUTH,
4240 & UNIIND#*o UHITF*6 ,JNITEY%0

4230 CHARACTER DilAHE*21

4240 DIMENSTON Diient(26)

4250 DATADIARE/Z2 1:4SHIP/Z1WAVE LENGTH ’
426G & 2lLihitVE LENGTH .

—-————=RANRAN

2 4502 DFTADIEMEIZZIHSHIP HEAUING /
2 4551 DATAUNI THO/6H DEG. 7
2 4032 wRITE(NTAPES,92)DHAAEl  ,UNITHD,CANSIC(L) ,L=1,J)

12.352 5EC. 80 170
e AY

- Q=12
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LIST
SPH2C163 29 DEC @ 15:42

lO t .:SPH2GS63 1S AN UPDATE VERSION OF SPY2G162.
+:THE roansa INCLUDES THE EFFECT OF WAVE HEADINGS.
ll REAL MUCCOR KN, MOMEAR
19 COMPLEXCO fneé rsx FEXS ,CREX
20 CHARACTER b Y,PRO%S
COMMON /usnn} coss VAVEN] ,ANS1 (3) , RETAD
130 COMYONDAY (2) PRO(AS, ANS(3] 26,17, SCALE, NTAPEY NTAPEZ NTAPE3 NTAPEA
COMHONPT , GRAO, RO, GARMA KPC, XDEL, X1(1615,Y(161],05
{) pegp{at) DIDX({81) 6DDX(161$ ucttséx) Totsas ,C0U164),
508U0B, OMEGA, 6n £, ONECAR , MAVEN, ST
170 CONAONEPS, FEX( 05 FHAR KN, rux nonﬁ&n 7BBAR ,C
189 cnnnoncnritssi) vht2s,41),28(3,41), hPTS(iéi) HUCCOR, ENCOR, tREX(ibi) FEX4
199 DATAISN/4/ ,NPAGE/
gt: cALLINPurcda DELV, NUE{ , OM1 , DELOM, NWE2)

220 DOSNF
20 uoa~v1+(ﬁrn t)tDELU
240 DOBIJi=1 ,NWE2
IZ+1

25. QHEGAE= on:+«x:1-1)anLon

9 XX=-2 . 0$UOBXCOS /ca
27 IF O, 6T 1 E 6)60 10 6
272 OHEGA on GAE

co 70 7
274 ONTINUE
215 nzx {042, IXXXXOMECAE
276 IF(DET. LT .0.)C0 10 9
g;g OHEGA-(S RT{DET)-1.)/Xx
290 WAVEN=OMECASOMECA/CRAV
292 WAVEN1=-VAVENSCOSR

S

300 ANS(1Z,2)=2. WP1/ABS(WAVENS)
310 ANS(IZ, 1)=BPL/ANS(]Z,2

0 ANS(1Z,2)=ANS(17,2)¥5CAL L
330 (12’ 3)=0NECAE/SQRT (SCALE) =
340 ANS(1Z,4)=OREGAR/SQRT (SCALE)
350 ANS(IZ 5)=59n1(scALE>xuon
352 ANSI(TE)
38 CALLSPADCR
n CALLSPEXCI

oc ViBN
N IF(IZ NE 3)60108
400 CALLOUTPUT (1SN, NPAGE)

410 12=0

420 BCONTINUE

430 17=-11

44! CALLDUTPUT { 1SN, NPAGE)
2 60 70 40

444 JCONTI E

446 URITE(NT

447 91FORHAT(//Si 36HOHEGA IS UNDEFINED; CASE TERMINATES.,/,14X,20HTRY ANOTHER
44BLHEADING . )

449 $ACONTINUE

459 STOPOO4

469 END
A7 SUBRUUTINE]NPUT(V! DELV,NUEY , OH4 , DELOM, NUE2)

480 REALKUCCOR KM, MONEAR
- 499 COMPLEXCA, évnﬁs rsx FEXS,C

500 CHARACTER FILNML,FILNM2 #Roxb DAY, FILNM3

502 COMMON IHEAD/ COSE , WAVEN] ,ANS{ (3) KETAD

S50 COMMONDAY(2) ,PRO(AD ANS(3!28), 12 ,4CALE ,NTAPEL NTAPE° NTAPFB NTAPEA

G20 COMMONP,GRAU, RO, GARNMA  EPC XDEL, X (1613, Y(1515,DST(141)

SI0AQUANT (461) ,BEEP (161),DXDX({64) ﬁDDX(ibif uc1(161) O(absi o161,

SAQAUOK, DMEGA, CHEGAE , OREGAR , WAVEN, ASTA

5§68 COMAGHEPS FEX(20] FEAR KH PHI nonPAR 1EEAR,C

S60 COMMONCAPK(161) , YR(21,41) 7B(34, 41) ﬁPIS(atl) hUCCDR ENCOR , CREX(161) , FEX1

§70 DATAP1/3. 1415928536/, tnnv/zz 174/ ,80/1

$80 DATANTAPES /07, NTAPER/S/ NTAPE3/2/, NTAPEA/OI

90 SCALE={, e

499 DAY(1)=DATE

418 DAY(2)=TINE




828 LANRKSLKAVAKL '

630 WKITE (NTAPFL,94)

BAD READ(NTAPESL , J00)FTLNMY
550 OPENFILE NTAPE2 FILtMe
559 READ(NTAPE2,1001r08

670 READ(NT?PEZ,?&)BPL,NSTA

680 NSTA=16

699 M5=0.SANSTAHL

700 XDEL=EPL/{NSTA-1)

740 D0SI=1,NSTA

720 SX1¢1)=(1-MS)XXDEL
730 READ(NTAPE2,96)0HEGAR
740 READ(NTAPE2,96)CSHU

750 CSMU=0.
730 READNTAPE2,101) (QUANT (1), KEEP(I),WGT(I),CAPX(D), 1=1,NSTA, )
270 D0241=5,NSTA, 4
78 oozixi;&,g
K1)=QUANT(1-4)+ . 25%IKE (QUANT (1) -GUANT(1-4))
3’ =HEEP(I-4)+ 25%IKH(REEP (1)-FEEP(I-4))

) = CAPX(I-4)+ 258 IKB(CAPX(T)-CAPX(I-4))
SWGT(1-4)+. 25X IKKWCT(I)-WET(1-4))

A

PX(2)-CAPX(1))/XDEL .
(CAPX(NSTA)-CAPX{NSTA-1) ) /XDEL ‘

{
840 21CONTI
859 DXDX(4)
850 DXDX(NS
870 NN=NSTA-4

880 D021=2, NN

890 20XDX(1)=(CAPX(1+4)-CAPX(I-1))/(XDEL+XDEL)
909 CLOSEFILE NTAPE2

910 WRITE (NTAPEY,95)

920 READ(NTAPES , {00)F ILNN2

930 OPENFILE NTAPE3 FILNM2
340 READ(NTAPE3,90) 1F,TA,NSTAOF
959 DO8I=1,NSTAOF

950 11=4¢1-3

970 Y:I11)=0.

980 READ(NTAPE3,97)STAND, NON

990 IF(NON.EQ.03GOTOB

4000 READ(NTAPE3,91)(IBLI,1),J=4,NON)
1010 READ(NTAPE3 94) (YB(T,1),J=1,NON)
1020 Y(I1)=YB(NGR, 1)

1030 BNPTS(I)=NON

1049 D0BBBI=S,NSTA,4

1050 doeesIk={,3

Xi=1+1K-
1070 YUIX1)=Y(I-A)4 25KIKR(Y(D)-Y(1-4))
1080 88BCONT INUE
1090 CLOSEFILE NTAPE3
1100 WK1TE(NTAPEL,92)
§110 READINTAPES,99)V1,V2,DELV

NUEi=4
0 TF(DELV.NE . 0)NWES=(V2-V1)/DELVH
40 23WRITE (NTAPEL,93)

0Mi=0.
b0 READ(NTAPEY,99)0M1,0M2,DELON

0 NWE2=4

0 1F (DELOM.NE . 0)NWE2=(OM2-0M1)/DELON+

TIF(OME . EQ.0 . )OMI=DMEGAR . - .
UKITE (NTAPEA,102)

READ(NTAPET, {03) BETAD

CG5E=COS(PIKRETAD/180.0)

6RETURN

99 FORMAT(1X,2F10.5,15)

1530 94 FORMAT(1X,7F10 5}

1330 92FORMAT (41X, SHSFEED)

{240 93FORMAT(1X,SHFREQ.)

1350 GAFORNAT(1X,i9HSAIP DATA FILE NAKE)
§520 9SFORMAT(4X 24HOFFSET DATA FILE NANE)
1270 9LFORMAT(F10.4,15)

1280 97 FORKAT(1X F10 4, 15)

1565 28rORFAT(1X,]6HOUTRUT FILE NAKE)
1290 9YFORKAT(FS 3, 4X,F5.3,1X,F5.3)

1300 §00FCRMAT(AAB)

1310 §04FORMAT (4F$0.4)

1311 162FORKAT(1X,74HEADING)

1312 103FCRFAT(F1D. 0

1320 €MD

1330 SUEKOUTINESPADCR

1140 REALALCCOR KM, FOMEAR

{350 corPLEXCO, EYnPS,FEX,FEXY,CREX

i Dt ot B et bl i i Sl
~0~0 O3 (%2 X010
< -

O N el asrtomaod
-0 -0
oo

PO b gt
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HARACTER DAY,FKORS
1350 CHARACIES (f #ao«a; ANS(3,26),1Z,SCALE, NTAPES ntnwcz NTAPE3, NTAPEA
380 COMMONPT ,GRAV. RO, GARHA, BPL , XDEL, XI(165), Y164} DST(141)
390&0UANT(16() BEEP(L1) oinxtlbx) oDX (1649, ucr(atx) 0(1615 cot464)

OMECA, o EGAE onécAn WAVEN, NSTA K
410" LEmBNEPS 7 R KA, PHI HOMBAR , ZEBAR | CSH
420 connoncnpi(asi) Yﬁ(aa ), za(é:,At) ReTs(ibed, HUCCOR, ENCOR, CREX(161) JFEXS

430 N=N
R cr 0)G0T04

1450 DO11=1

1450 10(1)-6unn1(1)xcnpx(t)xxz
470 UNHSS141(0, 1,0, YOEL)

480 D02]=
499 20(T)=0GT(1)3CAPX(I) 482
509 UNS=5141(0,1,N,XDEL)
1510 DO3I=4 N
20 30(1)=BEEP (1) $CAPX(I)SDXDX(I)
530 UKF=5141(0,,N,XDEL)

1540 DOSI=

1550 SO{1)=REEP (1)ICAPX(I)E%2

1580 C1H=5141(0,1,N,XDEL)

1570 D061=1

1580 60(1)= ﬁUANT(I)tCAPX(I)tDXDX(I)

1590 C2A=5141(0, 1 ,N,XDEL)

1600 4UNE= (BEEPfotCAPX(N)i!’-BEEP(i)tCAPX(i)ttz)

1640 UNE=UOBE(UNE-2  SUNF )/ORECAREX,

1630 CZH‘QUANT(N)*CAPX(N)**? QJANT(l)tCnPX(i)ttZ
1630 C2H=-UDBX(C2H-2.3C2A)

-$634 UME=-BEEP ({)SUCK/OMECARSR2

§632 C2H= OUANT(i)lUOB :

1640 HUCCOR=UMH+UMS+UNE '
1658 C3H= <unu+uns>xspstN(onECAn,csnu>
1650 ENCOR=C{H+C2H+CIH
1670 COMU=ENCOR/MUCCOR
1680 ANS(1Z ,6)=SCALEXXIKUMH
1690 ANS(IZ)7)=SCALESX3KUNS
1;03 ANS(1Z8)=SCALEXSISUNE

in ANS(IZ,9)=SCALE!!3!HUCCOR
1720 SCALES=5QRT(SCALEXES)

1730 ANS(IZ,$0)=SCALESXCIH

1740 ANS(1Z,11)=SCALESEC2H

1750 hNS(IZ,12)=SCALEStCJH

1760 ANS(1Z,13)=SCALESKENCOR
1770 ANS(IZ‘.4)=COHU/SQRT(SCALE)

1840 suanou71~zspsxc1
4820 REALHUCCOR KM, b

1uommumoh%snxnnruznucmn ’

1840 CHARACTER DAY ,PROS6’

1842 COMMON EREADy” book VAVEN ,ANS1 (3) , BETAD

850 COMMONDAY (2), PROCA], ANS¢3)26) , 12, 8CALE  NTAPEY NTAPEZ utarzs NTAPEA
849 COMMONPI,GRAY.RO,GAAMA BPL XDEL, X1 (16} Y (141}, DS

8704GUANT (164 ) FEEP (163) , DXDX(161)  BDDX (161} UGT(iLi) Thtia3 ,C0t164),
18804UOK, ONECA , OMEGAE , ONEGAR unvsn 4sTA, ns £Ps, rsx( 0,

8904FEAR , KW, PAT , HOMBAR , ZREAR CS
900 COMMONCAPX({61) Yal21,41$ ZB(21 A ers(isi);nuccoa ENCOR , CREX(161) ,FEX{

940 N=NSTA
920 COMPA=CHPLX(Q . 0,4.
333 CALLSPSE??(YB Zﬁ NPTS,41,UAUEN,0)

=4

-

-
1}

0 1K0=0
1990 10BBIK=IK1,IK2
2060 IK0=1K0+i
2040 DST(IK) 0(I-1)+IK0% 25%x(G(I)-0(I-£))

2020 83CONTINUE
2030 DDDX(4)=(DST(2)-DST(1))/XDEL.
2040 PDDX(N)=(DST(N)-DST(N-1))/XDEL

2050 WA-NSTA-4
2070 BIDDX(i) (DST(1+1)-DST(1-4))/(XDEL+XDEL)

DOsI
2090 CREX(I; =CHPLX(-UAVENXDST(I) WAVENISXI(I))
2400 CO(I) =Y(1)$CAPX(1)ICEXP (CREX(1))

0 {CONTINUE
CALLSPCOHP(UQUEN CYups,C0,1, N, XDEL)

1
20

30 FEX(1)=2. sCAMMAXCYHPS '

40 D021
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2150 2co«x)=nser(1)ncapx(x)xcsxr(cnzx(x))
2150 CALLSPCOKP (WAVEN, CYMPS, CO, 1,N, XDE

2170 FEX(2)=COMPAVOMECARCYRPS

2190 FEX(S)=COMPASUOBRUAVENS SCYAPS

2209 DO31=1,N
2210 3C0(T)EQUANT(I)SCAPX (1) SCEXP (CREX(I))
2220 CALLSPCONP (NAVEN, CYMPS, €0, 1,N, XDEL)
2230 FEX(3)=-OMECASOHECALCYAPS'

zzso rsx(4>--orscnxuoaxuausnxxcvnrs

0 DOAI={ N
227. OCD(I)‘OUANT(I)!DXDX(I)!CEXP(CREX(I))

3280 CALLSPCOMP (VAVEN,CYHPS X
2290 rEX(s)=con9axnnzénxuoaicvﬁré

0 DOSI={,
2310 SCO(!)‘QUANT(I)tCAPX(I)tCEXP(CREX(I))IDDDX(I)

2320 CALLSPCOMP(NAVEN,CYNPS, CO, 4
2330 FEX(7)= -conrntonécexuo&xuAuéNicvnPs

2340 DObI=A,

2350 6Co(I) BEEP(I)!DXDX(I)tCEXP(CREX(I))
2360 CALLSPCOMP (WAVEN,CYHPS,CO, §,N,XDEL)
2370 FEX(B)= gDBtCYHPS

2380 DO7I=,
5390 7C0(1)LKEEPCI)SCAPX(T)SCEXP (CREX(1))$DDDX(I)
2400 CALLSPCOKP (WAVEN, CYNPS, CO, 4, N, XDEL)
2410 FEX(9)=-WAVENSUDKXCYMPS
2420 FEX(10)= QUANT(N)tCAPX(N)tCEXP(CREX(N))
2438 FEX(10)=FEX(10) QUANT(i)tCAPX(i)lCtXP(CREX(i))
AAD FEX(10)=-COMPAYONEGAXUCEXFEX(10)
umnmnmmmmnmmmmﬂ)
2450 FEX(11)=-UOBK(FEX(11)-BEEP (1)XCAPX(4)¥CEXP(CREX(1)))

2470 FEX{= FE%(!)

D09J=
2490 SFEXI=FEXS4FEX(])

2500 EPS= SPANGL(hIHRG(FEXi) REAL(FEX1))
2510 FRAR=CARS

5520 ALPi= OHEGAEtENCOR/(0HEGAR::"HUCCOR)
5830 ALP2=1 . §- ( OHEGAE/OHEGAR )¥%2

2540 KN= sanr(ALpotx°+AL91:xz)

2550 XM=1.0000/K

2560 PHI= SPANGL(ALPI ALP2)

2570 1EBAR= KHlFBAR/(ﬁHEEARtt’tHULCOR)
0 ANS(IZ, 4 1

2590 ANS(IZ)16)=KN

2600 ANS(1Z)17)=SCALERAIEREAL(FEX])
2640 ANS(IZ,18)=5CALERI SKAIHAG (FEX1)
2629 ANS(1Z)19)=SCALESAISFEAR

2630 ANS(1Z, 120)=EPS
2640 Ag%l%,?i)-SCALEtZBBAR

ND
2876 SUﬁROUTINESPUIBH

2480 REALMUCCOR KM ,HOKBAR
ancmnawtm%ruamww)mnmmamncni

2700 CHARACTER DAY,PROSS’

2702 CONMON /HEAD/ COSK uavsn: ANSH (3) ,BETAD

2740 COMMONDAY{2),PRO(A], ANS(3)26) .12 ,8CALE nrarea NTAPE2 NTAPE3 NTAPE4
3720 COMMONPI,GRAY,RO AAMA ( XDEL XI(16¢3,Y (164} DST

27304QUANT (151, ané»(ibi) »iDX(isi) 6DDX( 643, WCT(141) 0(1515 CO(164)
27404 ,UOB, OMEGA | DHEGAF ,OMEGAR , WAVEN, NSTA, HS, EFS, FEX (209,

27508FKAR KK PH1  nOMEAR ZEEAR

CSHU
2760 cornOnCAPX(161), YEl2e, 443, ZK(24,41) , NPTS(151)  HUCCOR , ENCOR,,CREX(154) ,FEX1

3770 corPa=CHPLX(8. {.)
2780 N=
2790 EPSi=PHI-EPS

2800 csra CEXP(COHPA#EPS:)

2810 DO4

2320 10(1)-?(1):cAPX(1)nx1(1)

;gzn ggx§s°)—c511x _$CAHKAYS1A3 (0, 1, N, XDEL)

2859 20(1)= (HEI(I)#DUANT(I))!CAPX(I)!XI(I)
2e68 FEX(14) ~CEI§ XOHEGAEXOMEGAEXS144 (D, 1, N, XDEL)

680 30(1) fEEP(!)tCAPX(I)!X!(I)

2690 FEX(13)=CEI{XCOMPAXDHECAE2SE41 (0,1 N, XDEL)

2900 D= nnecAEtunatxouanr(N)chPX(N>ti1(NS -GUANT (1)4CAPX(1)IXT (1))
2910 FEX(18)=COHPAS

;;;3 55=§1S)~ CEIi!UUPi(BEEP(N)tCAPX(N)iXI(N) -BEEP (4)¥CAPX{1) X1 (1))
3930 40(1)= 6u4nr(1)xx1(1):nxnx(x>

2950 FEX(20)=CEI13COMPASONECAESUDEXS141 (0,1 ,N, XDEL) a17
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2969 DOSI=1 N
5078 SOCI)=EEEP (1)3XT(1)SDXDX(1)
5980 FEX(§7)=CEI{8UDEAEL41(D, 1, N, XDEL)

2990 D061=1,N

3000 50(1)=BUANT(I)ACAPXLT)

048 FEX(19)=CE 11 SCONPASOMEGAEUOESS141 (D, 1, N, XDEL)
3920 9071=1,N

3030 70(1)=BEEP(I)4CAPX(I) .

3940 FEX(16)=CET18UCKRS141(0,1,N,XDEL)

3059 poBI={ N

3040 8C0(1)EYLIISXTLSCEXPCCREXC))

3870 CALLSPCONP (WAVEN CYRPS, €O, 1,N, XDEL)

3080 FEX(1)=-2. SCAHNARCYRPS

3190 po9i=4 N
3000 9C0(1)ZKEEPCT)SXT(T)SCEXP (CREX(1))

3420 FEX(2)=~COMPAXOMECARCYHPS
3130 FEX(14)=-COMPAXUGRIUAVENS SCYNPS

3440 001014, K

3150 10C0C1)2QUANT () SXTUI)SCEXP(CREX(1))
3140 CALLSPCGNP (WAVEN, CYNPS €0, 1, N, XDEL)
370 FEX(3)=0MECARDHEGASCYHPS

380 FEX(A)=0MECABUDRAWAVEN] SCYNPS

3499 FEX(S)=QUANT (N)4XT{N)SCEXP {CREX(N)) .
3300 FEX(S)-COMP AOHEGASUOBH (FEX(S)-QUANT (1) $XT(1)3CEXP (CREX(1)))

3240 DO411=4,N

3520 $1C0¢1)2QUANT L1)SCEXP (CREX(I))
3930 CALLSPCOMP (WAVEN, CYHPS, CO, 1N, XDEL)
3530 FEX(5)=-CORPAXOHECARUOBSCINPS

3250 DOi21=¢ N

3520 1200( 1)2QUANT (14X (1) $CEXP (CREXU1)¥DDDX(T)
1570 CALLSPCOMP (WAVEN, CYHPS,CD, 4, N XDEL)

3500 FEX(7)=COMPASWAUENSOKESAXUORICTHPS

3590 DO131=4 K
3500 1300 1)2HEEP(1)SCEXP(CREX(I))

T340 CALLSPCOMP (WAVEN CYHPS,CD,1,N,XDEL)

3320 FEX(9)=-UDRsCYHP
3330 FEX(B)=BELF {N) KX (NYACEXP (CREX(N))

A0 EEX(8)=UDEt(FEX(9)-FEEP(1)1Xl(£)lCEXP(CREX(i)))

3350 DOLAI=4 N
3380 $4COCT)ZHEEP(1)SX1(1)SCEXP (CREXC1))3DDDX(T)

3370 CALLSPCOKP (WAVEN, CYMPS CD,1,N,XDEL)
3380 FEX(10)=UAVENSUORICTHPS

T390 COC10)=(0,,0.)

3490 DO14I=4 2

3410 $600(103=CO(50)4FEXCT)
3420 EPS2=SPANGL(ATMAG(CO(S
3430 MOM=CO(10)¥ZBEAR

3440 KOKEAR=CARS (HOM)

3450 ANS(1Z,22)=EPS1

3468 ANS(1Z/23)=SCALEXLITREAL (MOM)
2470 ANS(1Z,24) =SCALEXA ISATHAG(HOM)
3480 ANS(1Z,25)=SCALEXSIRMONEAR
3490 ANS(1Z,26)=EPS2

3500 RETURN

3540 END
3320 FUNCTIONS144(D, NS, N2, ADEL)
3230 DIHENSIONO( 161}

3540 B=t.
3650 SYMPS=(O(N{)+0(N2))
3660 NOP=N2-§

+
* 3580 DOAI=NEP NDP
3590 SYMPS=G5YAPS+2.30(1)

3600 1B=-B
3540 S141=SYHPSE SHADEL
3620 RETURN

1630 END

2040 FUNCTIGNSPANGL (YDUK, XDUM)

560 FEEDUM=ATAN2(YDUK, XBUK)

3600 IF(FEEDUM LT 0.0)FEEDUN=H 2B3185+FEEDUN

3570 SPANGL=FEEDUN
3t80 REJURN

3690 END
3760 FUNCTIONSPEXEN(OSEGAR ,CSHU)
3710 DATAC/S0 . 958483465/, 0/1 . 7149759454/

3720 CoMUT=CSMY
3730 TF(CSMU LT.4.E~$0)CSHUT=(DMEGAR/C) ¥3D

3740 SPEXEN=CSHUT
3750 KETURN
3760 EN G-18

-
=

0)),REAL(C0(10)))

END
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3 SUFROUTleSPCOHP(UAUEN CYHPS,CO, NS ,NEND, SPACE)
3780 COMPLEXCO,CYHPS,CTE,CT

3782 COMNON /HfA»/ céss (AVEN1 ,ANS1 (3) , BETAD
3790 DIMENSIONCO(161)

3890 CTE=0. St(CO(NEND) CO(N1))

3810 C10=(0.9,0.9)

3828 NOP= m {

3830 DO101=NOP,NEND,2

3840 CTE=CTE+CO(I-1}

3850 40CT0=CTO+CO(T)

3860 TH-WAVENS3SPACE

3870 ST=SIN(TH)

3830 CT=COS(TH) _

3890 GA=THXTHSTH

3900 AL=(TH$(TH+STXCT)-2. $5T¥ST)/CA

3910 BE=(2.$(TH&(1 +CTXCT)=2.%ST3CT))/CA
3920 GA=(4 . $(ST-THICT))/GA

3930 CIE- nsxc1s+cnxcro

-3940 CTO=ALS(CG(NEND)-COt1))

3950 AL=SPACEX(AINAG(CTO)+REAL (CTE))
3960 BE=SPACEX (-REAL (CT0)+AINAG(CTE))
g;gn CEHPSNCHPLX(AL JHE)

3990 END
4000 SUEROUTINESPSTAR(Y,Z,NPTS,N, K, DSTAR)
L »xnsnsxouosran(xsii vies, 44} 1(21,41) NPTS(161)

4030 Dotice N
4040 M= NPTé(J)

4856 SUN=D."
4050 TF(NP ' EQ 0)COTO4
4970 D021= ,
4080 ZP=. sxiz(l Dena-1,m
4090 7n=.5x (1 J 2(1 1,1 )
4100 YP= v(1
Ai10 psun zthPxExP(kxzp)
4420 25UH=SUM+PSUN
4130 SUM=1, —xxsun/v(np n
4§40 SUM=-ALOG(SUK) /K
4150 1nsrnn(1>-sun
4160 ETURN

0 END

oxao SUBROUT INEQUTPUT (IS, NPAGE)

4190 CHARACTERDAY,PROSS

4192 COMMON /HEAD/ COSE,WAVENT,ANSS(3),BETAD

4200 COKMONDAY (2),PRO(4}, ANS(3)25) J SCALE NTAPEL ,NTAPE2, NTAPE3, NTAPE4
4210 CHARACTERUNITAGSS,UNTTLXG  UNI réts uniTuLas, ONTTHE S,

42204 UNITNDXG ,UNTTF%4 UNITENRS UNITHDXD

4230 CHARACTER 'DNAKEX2{ Dnanzxxé

4240 DIKENSION DMNAME (26

4zsg&vATAnN4nsé°1H°H1P/EFF VAVE LENGTH,

42b FFECTIVE WAVE LENGTH,
42704 2{HENCOUNTER FREQUENCY ,
42804 21HRESONANT FREQUENCY |
42904 34HSPEED ,
43004 24HHYDRODYNAHIC A.N. |
43108 2{HCHIP HASS ,
43208 21HSPEED DEPEWDENT A.M. |
43304 2{HTOTAL ADDED KASS |
43404 24HHYDRGDYNAKIC DANPING |
43504 21HSPEED DEPENENT DAMP .|
43604 2iHSTRUCTURAL DAHPING
43704 2{HTOTAL DAMPING ,
43803 2{HDANP ING/ADDED MASS |
43904 21HPHI-FORCE & HOTION |
44004 2{HKAGNIFICATION FACTOR |
M504 24HF COS(EPS) !
4208 2{HF SIN(EPS) !
44308 24HF-UAVE EXCITING FORCE
44404 2{HEPS-FORCE & WAVE ,
44503 S{HDEFLECTION AT STERN
44503 2HEPSI-WAVE & VIERATION)
4704 2{HM COS(EPS2) ,
41804 Z1HH STN(EPS2)

44908 21HH-LENDING KOMENT AMID,
45008 Z{HEPSZ-WAVE & E.M. /
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4502 DATADNANE {/21HWAVE HEADING /
4540 DATAUNITAG/&H RAD. /,UNITL/6H FEET /,UNITFQ/&H1/SEC./,
45204 UNITVL/bHFT/SEC/ JUNITH/6H SLUGS/, uu!tnn/snuon-b /,
45304 UNITF/6H LBS. /,ONITEM/6HFT-LES/’
4&3% DATAgNgTHD/bH pEd. /

45 NDEX=0
4560 TF(ISN. EQ -l AND.J .EQ.0)60702
2270 lF(J EQ. 160103

+
4610 WRITE (NTAPE4, 91)PRO, DAY (), DAY (2) ,NPACE
420 iHRITS(J APEA,89)

4630 J=1AR
4640 WRITE(NTAPE4,92)DNANE( 1) ,UNTTND, (ANSIL, 1),L=1,])
4650 MRITE(NTAPEA, 92)DNAKE( 2) UNITL ,(ANSIL) 2)'L=f 1)
4560 WRITE (NTAPE4,92)DNAKE( 3) JUNITFO, (ANS(L) 3)'L=1]7)
4670 WRITE (NTAPE4, 92)DNAKE( 4) JUNITFQ, (ANS(L) 4)’L=1'7)
680 WRITE(NTAPE4,92)DNANE( S) UNTTUL, (ANS(L) S) L=117)
4682 WRITE (NTAPEA,92)DNAMES UNITHD JANSECD) ™ =4 T)
4590 WRITE(NTAPEA, 93)DNAKE( 6) JUNITH ,(ANS(L, 6)IL=1.])
4700 WRITE(NTAPE4, 93)DNAKE( 7) JUNITH ; (ANS(L) 7))L=1]7)
4710 MRITE(NTAPEA, 93)DNAMEC B8) JUNITH | (ANS(L, 8))L=11T)
4720 WRITE(NTAPE4,93)DNANE( 9) JURITH | (ANS(L, 9)L=1 )
4730 WRITE(NTAPEA,94)DNANE(10) |UNITH |(ANS(L110) L=11T)
4740 WRITE(NTAPEA, 94)DNANE (11) JUNITH | (ANS(L,11))L=11T)
4750 WRITE(NTAPEA, 94)DNAME (§2) ) UNITN | (ANS(L,32)IL=1.1)
4760 WRITE (NTAPEA, 94)DNAME (13) ) UNITH | (ANS(L,43))L=1'7)
4770 WRITE (NTAPEA, 92)DNAME (14) JUNITFQ] (ANS(L14) L=1'7)
4780 WRITE (NTAPE4,92)DNAME (1S) ) UNITAG, (ANS(L)15) )L=11])
4790 WRITE(NTAPE4, ) S3IDNANE (16) JUNITHD, (ANSCL, 16 L=1,1)
4800 URITE(NTAPEQ,?S)DNAHE 17),UNITF , (ANS(L,37) )L=1,1)
4810 WRITE (NTAPE4,93)DNAME(18) ,UNITE ) (ANS(L,18) /L=117)

20 WRITE (NTAPEA4,93)DNAME (19) JUNITF | (ANS(L,19) L=1])
4830 WRITE (NTAPEA, 92 )DNAME (20 UNITAG, (ANS(L 203 ;L =1]J)
4BAD WRTTE (NTAPEA, 93)DNAME (21) ) UNITL ) (ANS(L.24) L=1 1)
2850 MRITE (NTAPEA, 92)DNANE (22) JUNITAG, (ANS(L;22) L =11])
4850 WRITE (NTAPEA,93)DNAME (23) ,UNITF , (ANS(L 123)/L=117)
4870 WRITE(NTAPE4) /J3)NAHE(2A), UNTTE | (ANS(L 280 )=} 1)
4830 WRITE (NTAPEA,93)DNANE (25) \UNITF | (ANS(L.25) !L=117)
800 I§§1£§QLAPE4 ) 92)DNAKE (38) JUNTTAG  (ANS(L }26) JL=1,J)

4910 SIF(INDEX)2,3,4
4920 2URITE(NTAPEA, 95)

4930 JURITE (NTAPEA 95)

4940 1 AETRN

4950 BYFORMAT(//)

4950 9xroannr(///// 10(4H-),//,2X,SHSPH2Z, 3X, 4Ab , 5X , A8, 4X ,AB, SX,
49708 AHPAGE

4980 9°roRnAf(1i A‘i {H(, A6, 1H) ,4X,3F 12 3)

4990 93FORMAT(SX)A21 ) IH()Ab) 1H) ' 4X IPIEL2, 4)

S000 94FORMAT(1X'A21, $H(,Ab, 4K/8EC, 1K), 1PIEL2. 4)

5010 9SFORMAT(281/))’

gg;o ngORHAT(J(/),10(1H-),S(/))
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KAGHIF ICATION FGCT?R (NON-D.

M-BENDING MOMENT AMID( LES.
EpS2-wAvE & B M. ( RAD.

)
F COS(EPS) ( LBS. )
F SIN(EFS) ( LES. )
F-WAVE EXCITING FURCE( LES. )
EPS-FORCE & WAVE ( kAD. )
DEFLECTION AT STERN ( FEET )}
EPS1-LAVE & UIPRATION( RAD. )
N COS(EPS2) ( LES. )
N SIN(EPS2) ( LES. ;

)

01/16/88  §5:56:45

A& 264 4.68
234 - 213.24
SeSoser L6l
2 2.20
21.120 ei.12
169.000 169.00
2.3593E406 2.3593E+0
9.5377E+05 9.5377E40
-4 S{1SE+03 -4 .5145E403
3.3036E406 3.30B6E+06
7.470SE404 7.1705E+404
£.7432E404 1.7432E+04
1 S182E404 1 S182E+04
1.0432E405 1.0432E+405
0.032 0.0
0.048 . 0.022
1.B719E400 2.1263E+00
3 8603E+04 -1.5172E405
1.2604E404 1 .6693E+05
4 0608Ef04 2. 25576405

0.316 2.308
4. 725;E =03 2. 9817[ 02

4. 1993E+06 ~2. 10375*07

-1 {412E+06 -2.5B03E+07

4 34396406~ 3.3292E407
b.024 0
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035
3.0293E400
1 364SE+0S

-9.5586E404
i. 6650E+05

672 8

3 1373E -92 S.9490E-0$

637 -5. 44
3 65376407 b.27718+07
J.0336E407 7.2556E407
4.7489E407 9. S941E40”

0.693 0.858
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027
2.4860£+00
-9.1489E+04
1.1096E405
i. 4381E605

2.260
2.2225€-02
-2.233
-1. 5456E+07

-2.2070E+07
2.6943E407
4.404

i et ) Cnd IO PO

S.7582E+00
-4 SS03E+04
-b.0519£+03
4.5904E404

3.274
1.6434E-02

-3.199
-3.1182£407
-9.2094E405

3.1195E+07
3.A7

=47
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SPM2T 5. J. CORT  CASE2 01/56/84 15:56:45 PAGE 2
SHIP/EFF. VWAVE LENGTH(NON-D.} 6.874 7.332 7.796
EFFECTIVE WAVE LENGTH( FEET ) $45.185 136.341 128. 044
ENCOUNTER FREQUENCY (1/SEC.) 2.185 2.205 2.305
RESONANT FREGQUENCY  (1/SEC.) 2.205 2.205 2.205

tE (FT/SEC) i.!i’ 2i.1c8 21.128
YAVE HEADING ( DEG. ) 169.0 169.080 169.000
HYDRODYNANIC A.N. { SLUCS) 2.3593E+06 2.3593£405 2.3593E+406
SHIP_ MASS { SLUGS) 9.5377£405 9.5377E+405 9.5377€+405
SPEED DEPENDENT A.N. ( SLUGS) ~4. 51156403 -4 514SE+03 -4 .S11SE+03
T07AL ADDED HASS ( SLUGS) 3.3006E+06 3.3085E+06 3.30B6E+06
HYDRDDYNAHIC DAHPING ( SLUCS/SEC) 7.470SE+04 7.4705E+04 7.1705E+04

EED DEPENDENT DANP.( SLUGS/SEC) §.7432E+404 4 7432E+04 §.7432£+04
STRUCTURAL DAHPING ( SLUGS/SEC) } S182E+04 1.5182E+04 1.S482E+40

TOTAL DANP ING { SLUGS/SEC) 4.0432E+05 {.0432E+405 1.0432E+0
DhHPINC/ADDED HASS ($/SEC.) 0.032 0.032 0.032
PH]-FORCE & MOTION ( RAD. ) 0.153 1.574 2.98
HABNIFICATIDN FACTOR (NON-D.) 1.4449E401 6.9933E+01 1.0643E404
¥ CO (EPS ( LBS. ) ~§ . 5124E+05 4.2082E+04 1.7594E405
F SIN(EP S { LBS. ) 1.6147E405 8.4000E+04 ~1.1008E+05
F-UAUE EXCITING FORCE( LBS. ) 2.2798E+05 B.4B64E+04 2.0754E+0S
EPS-FORCE & WAVE ( RAD. ) 2.35% 1.428 5. 724
DEFLECTION AT STERN ( FEET ) 1.5804E-04 3J.6B94E-01 1.3732¢-04
EPS{-WAVE & VIBRATION( RAD. ) ~2.204 0145 =2.742
¥ COS(EP 2 ( LES. ) -1 .8S47E+08 B8.3490E+08 ~2.9974E+08
N SIN(EPS LES. } ~2.65176+08 1.8994E+08 -1 5236E+08
H-BENDING HOHENT hHID( LBS. } 3.2372e408 8.5624E+08B 3.3624E+08
EPS2-WAVE & B.H. RAD. ) 4:402 0.22¢ - 3612
SHIP/EFF. WAVE LENGTH(NON-D.) 8.265 8.740 249
EFFECTIVE WAVE LENGTH{ FEET ) 120.744 114,493 108.259
ENCOUNTER FRtOUENCY (1/5EC.) 2.405 2.505 2.605
RESUNANT FREQUENCY  (1/SEC.) 2.205 2.205 2.205
sp E ) (FT/SEC) 21.429 21.120 21.120
WAVE HEADING { DEG. g 169.000 169000 169 00
HYDRODYNAMIC A.M. { SLUGS 2.3593E+06 2.3593E406 2.3593E+06
SHIP MASS { SLUGS) 9.5377E405  9.5377€405 9.5377E+05
SPEED DtPENDENT A.H. ( SLUGS) -4 511SE+03 -4 S4GE+03 -4 541SE+03
IOTR ADDED HASS { SLUGS) 3.3086E+06 3.3086E+06 3.3086E+06

DRODYNAHIC DAMPING ( SLUGS/SEC) 7.1705E+04 7.470GE+04 7.4705E+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 1.7432E+404 4§ .7432E+04 1.7432E+04
STRUCTURQL DAMPING  ( SLUGS/SEC) 1.S4B2E+04 §.5482E+04 4 .S4B2E+04
J0TAL ING { SLUGS/SEC) 1.0432E+05 §.0432E+05 1.0432E+05
DAHPING/ADDED HASS (1/5¢C.) 0.032 8.032 0.032
PHI-FORCE & MOTION { RAD. ) 3.060 3.086 3.099

) - HAGNIFICATION FACTOR {NON-D.) S.2556E+00 3.43S6E+400 2.5247E+00
F COS(EPS) ( LBS. ) S.5783E+04 -4 2904E405 -6 32BAE+04
F SIN(EPS) ( LBS. ) ~4.4922E+05 S.{978E+04 1.1543E+05
F-WAVE EXCITING FORCE( LBS, ) $.3463E405 §.3909E+05 §.3252E+0S
EPS-FORCE & WAVE { RAD. ) 5.150 2.759 2.06
DEFLECTION A STERN ( FEET ) 4.3004€- 02 2.9706E-02 2.9799E-02
EPSi UAVE & UIBPATION( RAD. ) -2.090 0.327 1.03

K CO5(EPS ( LBS. ) -G.3615E407 8.10S9E+07 3.4941E+07
i SIN(EPSE) { LBS. ) -1.0836E+408 3.23S50E407 6.0921E+07
H-BENDING MOMENT AMID( LBS. ) 1.2090E408 B.7276E407 &6.8787E407
EPS2-WAVE & B.M. { RAD. ) 4.253 0.380 1.0
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§PN2Z  S. J. CORT  CASE?

SHIP/EFF. WAVE LENGTH(NON-D.)
EFFECTIVE WAVE LENGTH( rsgg }
SEC)

COUNTER FREQUENCY (4/
A iy
HYDRODYNAMIC A. M.  ( SLUGS;

1P ¥ASS { SLUGS)

EED DEPENDENT A.M. ( SLUGS)
JOTAL ADDED NASS ( SLUGS)
HYDRODYNAMIC DAMPING ( SLUGS/SEC)
SPEED DEPENDENT DAMP.{ SLUGS/SEC)
STRUCTURAL DAMPING " ( SLUGS/SEC)
TOTAL DAMP ING { SLUGS/SEC)
DAMPING/ADDED MASS  (1/SEC.)
PHI-FORCE & MOTION  ( RAD.
MAGNIFICATION FACTOR (NON-D.)
E COS(EPS) { LBS.
F SIN(EPS) { LBS.
E;UAUE EXCITING FORCE( LES.

S-FCRCE & WAVE { RAD.

EFLECTION AT STERN

- o

( FEET
SI-WAVE & VIBRATION( RAD.
# COS(EPS2) - ( LBS.
N SIN(EPS2) ( LES..
M-BENDING MOMENT AMID( LBS.
EPS2-WAVE & B.N. ( RAD.

N N Y N P Nt st

-4 79236407

ii1-b

04/16/88  15:56:45  PAGE 3
9.702 £0.190 10.482
3 tw i
g dn A
2.3593E406 2.3693E406 2 3503406
9.5377E405 9.S377E+405 9.53776+405
~4.5115E+03 -4 51456403 -4 5115E493
3.3086E406 3.3086E+06 3. 3085E+05
747056404 7.4705€404 7 §70SE+04
{.74326+404 1.74335404 4.7432E404
1.5182E404  §.54336404 { S1B5F404
1.04326+05 1.0432E405 1. 0432E+405
0.032 0.032 0.03

3.107 3412 3 116
1.9793E400 1.6167E400 4.358BE+00
1.4488E40S 8.3304E+04 ~b h205E+04
9. 9136403 -9.2679E+404 -B. 3578E+03

1.1232E+05
6.195

1.2462E405
. .19 S.44
1.3820E-02

-3.088

1.2524€-12
-2.332

-3, §229E+07
~4 43B3E+05
4.9127E+oz

4.8024E407 2 300
3.23 4.004

b.6732E404
.267
5.6368E-03
-9. 154
2.2844E+07
~3.6483E+07 -2, 70425406

4E+07
6.165

G~49




- - - —

SPM2Z S. J. CORT

SHIP/EFF. WAVE LENGTH(NON-D.

)
EFFECTIVE WAVE LENGTH( FEET )
ENCOUNTER FREQUENCY (4/SEC.)
RESONANT FREQUENCY  (1/SEC.)
SPEED (FY/SEC)
WAVE HEADING ( DEG. )
HYDRODYNAMIC A.HM. ( SLUGS)
SHIP MASS ( SLUGS)
SPEED DEPENDENT A.M. ( SLUGS) -
TOTAL ADDED MASS ( SLUGS)
HYDRODYNAMIC DAMPING ( SLUGS/SEC)
SPEED DEPENDENT DAMP.( SLUGS/SEC) -
STRUCTURAL DAMPING ¢ SLUGS/SEC)
TOTAL DAMP ING ( SLUGS/SEC)
DAMPING/ADDED MASS  (4/SEC.)
PHI-FORCE & MOTION ( RAD. )
MAGNIFICATION FACTOR (NON-D.)
F COS(EPS) ( LBS. )
F SIN(EPS) ¢ LBS. )
F-WAVE EXCITING FORCE( LBS. )
EPS-FORCE A WAVE ( RAD. )
DEFLECTION AT STERN ( FEET )
EPS1-WAVE & VIKRATIONC RAD. )
M COS(EPS2) : { LES. )
M SIN(EPS2) ( LES. )
M-BENDING MOMENT AMID( LES. )
EPS2-WAVE & E.M. ( RAD. )
SHIP/EFF. WAVE LENGTH(NON-D.)
EFFECTIVE WAVE LENGTH( FEET )
ENCOUNTER FREQUENCY (4/SEC.)
RESONANT FREGUENCY  (4/SEC.)
SPEED (FT/SEC)
WAVE HEADING ( DEG. )
HYDRODYNAMIC A.M. - ( SLUGS)
SHIP MASS ¢ SLUGS)
SPEED DEPENDENT A.M. ( SLUGS) -
TOTAL ADDED MASS ( SLUGS)
HYDRODYNAMIC DAMPING ( SLUGS/SEC)
SPEED DEPENDENT DAMP.( SLUGS/SEC)
STRUCTURAL DAMPING  ( SLUGS/SEC)
TOTAL DAMP ING ( SLUGS/SEC)
DAMPING/ADDED MASS  (1/SEC.)
PHI-FORCE & MOTION  ( RAD. )
MAGNIFICATION FACTOR (NON-D.)
F COS(EPS) ( LES. )
F SIN(EPS) ( LES. )
F~WAVE EXCITING FORCE( LES. )
EPS-FORCE & WAVE ( RAD. )
DEFLECTION AT STERN ( FEET )
EPS1-WAVE & VIERATION{ RAD. )
M COS(EPS2) ( LEBS. )
M SIN(EPS2) ¢ LES. )
M-BENDING MOMENT AMID( LES. )
EPS2-WAVE & B.HM. ( RAD. ) g5

111-7

CASEJ

Lol ol 0 - I 0 0N BN

[oafi oot R O NSO WV

09/03/80

0.926
1077 .68S
0.560
1.960

21 .560
174.000

.9074E+06
.0317E+06
.8596E+03
.9162E+06
.036SE+04
.8269E+04
.0930E+04
.49S6E+0S

0.0S4
90.008

.0889E+00
. 2b62E406
.7653E+04
.2700E+06

3.219

.2343E-04

~3.2190

. 94426406
.6237E+07
.6618E+07

.58%
.834

.860
1.960
21.560
174.000

.9074E4+06
.01417E406
.B8596E+03
.9162E406
.036SE+04
.B267E+04
.0930E+04
.49S56E+0S

0.0S54
0.014

.238B3E+00
.3126E+04
.0932E+40S
.3152E+405

0.981

.4538E-02

-0.9867

.BiS7E+0S
.1062E+06 '
.2993E+406

1.049

1

D ORI e

286

Lol B IO IS RN

N m W [C RN NON S

1

14:33:08 PAGE
1.208 1.514
826.149 660 .294
0 660 0.760
1.960 1.960 .
21.560 21.560
174,000 174.000
.9074E+06 4.9074E+06
.0317E+06 1.0447E+06
.BS9LE+03 -2.8596E+03
LP162E+406 2.9162E406
.D36SE+04 9 .036SE+04
.B269E+04 4.8R69E+04
.0930E+04 4 .0930E+04
LA9SHE40S 4. 4A9S6E+0S
0.0S5% 0.0S1
0.040 0.012
LA278E+400 4.1769E+00
.11B6E+06 -5.4544E+0S
.389IE+04  6.4672E+04
.1189E+06 S.4923E+05
3.463 3.024
.1264E-04 S.7697E-02
-3.453 -3.042
.115+7 -9 2334E+06

LA286E+07 3.8749E+06
.GS2%E+07 1.0042E+07
3.736 2.74S
2.472 2.52%

459 . 444 395.475
0.960 1.060

" 4.960 1.960

21 .560 21.560
174 .000 174.000
LP074E+06 1 .9074E+06
L0L47E+06 4.0147E+06
.BSP6E+03 ~-2.8596E+03
.P2162E+06 2.9162E+06
.0365E+04 9.036SE+03
.B269E+04 A .BR69E+04
.0930E+04 1.0930E+04
.A9S56E+0S 1. A49S6E+0S
0.054 0.054
0.047 0.020
L31S4E+0D 1. 4134E+00
LA249E+405  1.0S41E+0S
.3250E+04 -1 .81S7E+04
.2067E+0S5 1.0666E40S
0.230 6.142
.7652E~-02 1.34%4E-02
-0.214 ~-6.092
.9855E+06 3.836SE+06
.2513E+0S -1 .8319E+03
.0072E+06 3.8B36S5E406
0.049 6.283



111-8

SPM?Z S. J. CORT  CASE3 09/03/80 11:33:08 PAGE 2
SHIP/EFF. WAVE LENGTH(NON-D.) 2.892 3.270 3.659
3 EFFECTIVE WAVE LENGTH( FEET ) 345.40S 305, 185 272.73%
AN ENCOUNTER FREGUENCY (1/SEC.) 1.460 1.260 1.360
RESONANT FREQUENCY  (1/SEC.) 1.960 1.960 1.960
SPEED _ (FT/SEC) 21.560 21.560 21.560
WAVE HEADING ¢ DEG. ) 174.000 174.000 £74.000
HYDRODYNAMIC A.M. ¢ SLUGS) 1.9074E406 4.9074E+06 41.90743E+06
SHIP MASS ( SLUGCS) 1.0117E406 4.0147E+06 4.0417E+06
SPEED DEPENDENT A.M. ¢ SLUGS) -2.8596E403 -2.8596E+03 -2.8596E+03
TOTAL ADDED MASS ¢ SLUGS) 2.9162E+06 2.9162E+06 2.9162E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 9.036SE+04 9.036SE+04 9.036SE+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.B269E+04 4.8269E+04 4.B8269E+04
STRUCTURAL DAMPING  ( SLUGS/SEC) 4.0930E+04 1.0930E+04 4.0930E+04
TOTAL DAMPING ( SLUGS/SEC) 1.49S6E+05 1.49S6E+0S 1.49S6E+05
DAMPING/ADDED MASS  (1/SEC.) - 0.0S5% 0.054 0.0S4
PHI-FORCE & MOTION ¢ RAD. ) 0.024 0.029 0.035
MAGNIFICATION FACTOR (NON-D.) 1.S387E+00 4.7036E+00 4.9273E+00
F COS(EPS) ( LBS. ) -1 .8978E+05 -1 .93SSE+0S &.0463E+04
F SINCEPS) ( LBS. ) -8.H299E+04 ~7.4736E404 ©.3237E+03
F-WAVE EXCITING FORCE( LBS. ) 2.0932E+05 2.0748E+0S &.1033E+04
EPS-FORCE & WAVE ¢ RAD. ) 3.577 3.510 0.437
DEFLECTION AT STERN ( FEET ) 2.874BE-02 3.4552E-02 4.0S00E~02
EPS{-WAVE & VIBRATION( RAD. ) -3.553. -3.481  -0,.102
M COS(EPS2) ( LBS. ) -1.051SE+07 ~1.5940E+07 S.9747E+06
M SINCEPS2) ¢ LBS. ) 1.S1SBE+06 4.4927E+06 3.0298E+05
M—BENDING MOMENT AMID( LES: ) 1.0624E407 1.6564E+07 S.9793E+06
EPS2-WAVE & B.M. ¢ RAD. ) 2.998 2.867 - 0.0S%
SHIP/EFF. WAVE LENGTH(NON-D.) 4.058 4.466 4.883
EFFECTIVE WAVE LENGTH( FEET ) 245.922 223,454 204.396
~ ENCOUNTER FREQUENCY (4/SEC.) 1.460 .1.560 1.660
RESONANT FREGUENCY  (1/SEC.) 1.960 1.960 1.960
SPEED (FT/SEC) 21 .560 21.560 21.560
WAVE HEADING ( DEG. ) 174.000 174.000 174.000
HYDRODYNAMIC A.M. ¢ SLUGS) 1.9074E+06 1.Q074E+06 1.9074E+06
SHIP MASS ( SLUGS) 1.0117E+06 4.0417E+06 1.0117E+0b
SPEED DEPENDENT A.M. ( SLUGS) -2.8596E+03 -2.8596E+03 -2.8596E+03
TOTAL ADDED MASS ( SLUGS) 2.9162E+06 2.9162E+06 2.9162E+06
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 9.036SE+04 9.036SE+04 9.036SE+04
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4.8269E+04 4.8269E+04 4.8269E+04
STRUCTURAL DAMPING ( SLUGS/SEC) 1.0930E+04 1.0930E+04 1.0930E+04
TOTAL DAMPING ( SLUGS/SEC) 1.49S56E+05 1.49S6E+0S 1.49S6E+0S
: DAMPING/ADDED MASS  (1/SEC.) 0.0S4 0.051 0.0S4
! PHI-FORCE & MOTION ¢ RAD. ) 0.044 0.057 0.078
. MAGNIFICATION FACTOR (NON-D.) 2.2444E400 2.7240E400 3.S266E+00
F COS(EPS) ¢ LES. ) 2.0971E+05 6.6023E+404 -1, 4229E40S
F SIN(EPS) ¢ LBS. ) 7.7S02E+04 &.12S9E+04 -2 492SE+04
F-WAVE EXCITING FORCE( LES. ) 2 2357E+405 9.0065E+04 1.4396E+05
EPS-FORCE & WAVE { RAD. ) 0.354 0.748 3.294
DEFLECTION AT STERN ( FEET ) 4.4790E-02 2.1B99E-02 4.S319E-02
EPS1-WAVE & VIERATIONC RAD. ) -0.310 -0.694 -3.216
M COS(EPS2) ¢ LBS. ) 3.2764E407 1.SS00E+07 -4.S6SBE+07
M SIN(EPS2) ¢ LES. ) ~7.272SE+06 -1.1991E+07 2.1123E+0S
M--BENDING MOMENT AMID( LES. ) 3.3564E407 1.9S97E+407 4.S6S9E+07
EPS2-WAVE & H.M. { RAD, ) G-51 6.065 5.625 3.137
[} oo R DI T il g v T - T T e
. . \
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SPM22Z

§. J. CORT

CASE3

SHIP/EFF. WAVE LENGTH(NON-D.)

EFFECTIVE WAVE LENGTH( FEET )~

Iil-y

ENCOUNTER FREQUENCY (4/SEC.)
RESONANT FREQUENCY (1/SEC.)
SPEED (FT/SEC)
WAVE HEADING { DEG. )
HYDRODYNAMIC A.M. ( SLUGS) i
SHIP MASS { SLUGS) i
SPEED DEPENDENT A.M. ( SLUGS) -2
TOTAL ADDED MASS ( SLUGS) 2
HYDRODYNAMIC DAMPING ( SLUGS/SEC) 9
SPEED DEPENDENT DAMP.( SLUGS/SEC) 4
STRUCTURAL DAMPING ( SLUGS/SEC) 4
TOTAL DAMPING ( SLUGS/SEC)Y ¢
DAMPING/ADDED MASS (1/SEC.)
PHI-FORCE & MOTION ¢ RAD. )
MAGNIFICATION FACTOR (NON-D.) 5
F COS(EPS) < LBS. ) -1
F SIN(EPS) ( LBS. ) -7
F~WAVE EXCITING FORCE( LES. ) i
EPS-FORCE & WAVE ( RAD. )
LEFLECTION AT STERN ( FEET ) 6
EPS1-WAVE & VIEBRATION( RAD. )
M COS(EPS2) ( LBS. ) -7
M SIN(EPS2) ¢ LES. ) 3
M~RENDING MOMENT AMID( LES. ) 7
EPS2-WAVE & B. M. { KAD. D
SHIP/EFF. WAVE LENGTH(NON-D.)
EFFECTIVE WAVE LENGTH( FEET )
ENCOUNTER FREQUENCY (4/SEC.)
RESONANT FREGUENCY (1/SeC.)
SPEED (FT/SED)
WAVE HKEADING { DEG. )
HYDRODYNAMIC A.NM. ( SLUGS) i
SHIP MASS ¢ SLUGS) i
SPEED DEPENDENT A.M. ( SLUGS) -2
TOTAL ADDED MASS ( SLUGS) 2
HYDRODYNAMIC DAMPING ( SLUGS/SEC) @
SPEED DEPENDENT DAMP.{( SLUGS/SEC) 4
STRUCTURAL DAMPING ( SLUGS/SEC) {4
TOTAL DAMPING ( SLUGS/SEC)Y 4
DAMP ING/ADDED MASS (1/SEC.)
PHI-FORCE & MOTION ( RAD. )
MAGNIFICATION FACTOR (NON-D.) 9
F COS(EPS) ( LES. ) -
F SIN(EPS) ( LES. ) 6
F-WAVE EXCITING FORCE( LES. ) 6
EPS-FORCE & WAVE ( RAD. )
DEFLECTION AT STERN ( FEET ) S
EPS1-WAVE & VIEBRATIONC RAD. )
M COS(EPS2) ¢ LES. ) 2
M SIN(EPS2) (- LES. ) 8
M-BENDING MOMENT AMID( LEBS. ) 9
EPS2-WAVE & E.M. ( RAD. )

G-52

09/03/80

S.307
188.057
1.760
1.960
21.560
174.000

.9074E+06
.0117E+06
.BSP6E+03
.9162E+06
.0365E+04
.B269E+04
.0930E+04
.4956E4 0%

0.05%
0.421

.12S9E+00
.2403E+0S
.635SE+04
.ASH6SE+0S

3.693

.6639E~02

-3.573

.2694E+07
.019SE+07
.874SE+07

2.748

6.624
150.734
2.060
1.960
21 .560
174.000

.9074E+06
.0417E+06
.BSP6LE+03
.2162€E+06
.036SE+04
.B269E+04
.0930E+04
.4956E+0S

0.054
2.88%

.2424E400
LAS20E+402
.728%E+04
.7294E+04

1.583

.5517E-02

1.302

.3273E+407
L9797E+07
.2764E+07

1.347
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5.738
173.918
1.860
1.960
21.560
174,000

.9074E+06
.0147E+06
.8S96E+03
.9162E+06
.036SE+04
.8269E+04
.0930E+04
.4956E+0S

0.954
0.24S

.7569E+00
.6164E+04
.S416E+04
.639BE+04

S.724

.7828E-02

~5.476

.0926E+07
L7974E+07
.7162E+07

0.8S0

7.072
129
2.160
. 960
21 .560
174.000

.9074E+06
.0417E+06
.85S96E+03
.PL62E+06
.0365E+04
.B269E+04
.0930E+04
.49S6E+0S

0.054
3.008

.6206E+00
.865S8E+04
.2003E+04
.9SLBE+04

3.293

.2817E-~02

-0.28%

.9260E+07
.6234E+07
.1443E+07

6.016
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6.477
161.579
1.960
1.960
21 .560
174.000

.9074E+06
J0117E+06
.BS9LE+03
.9162E+06
.0365E+04
_B269E+04
. 0930E+04
.4956E+05

0.054
1.574

.B246E+04
.4545E+0S
.0742E+04
L2614E+0S

0.414

.3019E-04

1.157

.5149E+08
.9842E+08
.4912E+08

1.473

7.528
132.578
2.260
1.960
21.560
174.000

.2074E+06
20147E+06
.BSP6E+03
.9162E+06
.036SE+04
.B269E+04
.0930E+04
.A9S6E+0S

0.051
3.050

.0248E+00
.633SE+04
.3963E+04
.5745E+04

4. 495

.0431E-02

~1.445

.433SE+06
.1976E+07

2422E+407
4 .857
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SHIP/EFF. WAVE LENGTH(NON-D.
EFFECTIVE WAVE LENGTH( FEET

ENCOUNTER FREQUENCY
RESONANT FREGUENCY
SPEED

WAVE HEADING
HYDRODYNAMIC A .M.
SHIP MASS

. SPEED DEPENDENT A.M.

TOTAL ADDED MASS
HYDRODYNAMIC DAMPING
SPEED DEPENDENT DAMP.
STRUCTURAL DAMPING
TOTAL DAMPING

DAHP ING/ADDED MASS
PHI-FORCE & MOTION
MAGNIFICATION FACTOR
F COS(EPS)

F SIN(EPS)

F-WAVE EXCITING FORCE
EPS-FORCE & WAVE
DEFLECTION AT STERN
EPS1-WAVE & VIERATION
M COS(EPS2)

M SINCEPS2)

‘M-BENDING MOMENT AMID

EPS2-WAVE & B. M.

SHIP/EFF. WAVE LENGTH
EFFECTIVE WAVE LENGTH
ENCOUNTER FREGUENCY
RESONANT FREQUENCY
SPEED

WAVE HEADING
HYDRODYNAMIC A.M.
SHIP MASS

SPEED DEPENDENT A.M.
TOTAL ADDED HASS
HYDRODYNAMIC DAMPING
SPEED DEPENDENT DAMP.
STRUCTURAL DAMPING
TOTAL DAMP ING

DAMP ING/ADDED MASS
PHI-FORCE & MOTION
MAGNIFICATION FACTOR
F COS(EPS)

F SINCEPS)

F--WAVE EXCITING FORCE
EPS-FORCE & WAVE
DEFLECTION AT STERN
EPSi-WAVE & VIERATION
M COS(EPS2)

M SIN(EPS2)

M-KENDING MOMENT AMID
EPS2-WAVE & K. M.
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(1/SEC.
(1/SEC.
(FT/SEC)
( DEG. )
¢ SLUGS)
¢{ SLUGS)
( SLUGS)
( SLUGS)
(

¢

(

W W

SLUGS/SEC)
- SLUGS/SEC)
SLUGS/SEC)
( SLUGS/SEC)

(1/SEC.)
{ RAD. )
{NCN~D.)
( LBS. )
( LBS. )
¢ LBS. )
( RAD. )
( FEET )
( RAD. )
¢ LBS. )
( LES. )
( LBES. )
( RAD. )

(NON-D. )
( FEET )
(1/SEC.)
(1/SEC.
(FT/SEC)
( DEG. )
( SLUGS)
( SLUGS)
( SLUGS)
( SLUGS)
(

(

(

A

SLUGS/SER)
SLUGS/SEC)
SLUGS/SEC)
{ SLUGS/SEC)

~

(1/SEC.
( RAD.
(NON-D.
( LES.
¢ LBS.
¢ LES.
( RAD.
( FEET
( RAD.
( LES.
( LES.
( LBS.
( RAD.
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7.989
124.922
2.360
1.960
21.960
174.000

L9074E+06
L0417E+06
.8596E+03
.9162E+06
.0356SE+04
.B269E+04
.0930E+04
.4956E+0S

0.054
3.072

.2477E+00
.3S82E+04
.2310E+04
.8961E+04

| 5.810

.6924E~03

~2.738

.0258E+07
.0939E+06
.2205E+07

3.564

?.402
106.149
2.660
1.960
21 .560
174.000

.9074E+06
.0117E+06
.8S96E+03
.9162E4+06
.036SE+04
.B269E+04 .
.0930E+04
. 49S6E+05S

0.054
3.099

.1868BE+00
.04S8BE+04¢
.2142E+04
.3180E+04 -

4.910

.6339E-03

-1.81%

.6190E+06
.6422E+07
.6816E+07

4.49S

Lol oad B B N B S I

- Lol ol e I

SN

Lol R B SIS I

14:33:08

8.455
118.033
2.460
1.960
21.560
174.000

.9074E+06
