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ABSTRACT

So that more precise correlations betweenfull scale observations
and analytical and modelresults could be carried out, one of the objec-
tives of the instrumentation programfor the SL-7 class container ships
wasthe provision uf instrumental measuresof the waveenvironment.
To this end, two wavemeter systemswere installed on the S.S. SEA-LAND
McLEAN.Rawdata was collected from both systemsduring the second
(1973-1974) and third (1974-1975) winter data collecting seasons.

It wasthe purposeof the present work to reduce this raw data,
to developand implementsuch corrections as were found necessaryand
feasible, and to correlate and evaluate the finaI results from the two
wavemeters. In carrying out this work it wasnecessaryto’at least
partly reduceseveral other channelsof recordeddata, so that, as a
by-product, reducedresults were also obtained for midship bending
stresses, roll, pitch, and two componentsof acceleration on the ship’s
bridge.

As the work progressedit becameevident that the volumeof docu-
mentation required wouldgrowbeyondthe usual dimensionsof a single
technical report. For this reasonthe analyses, the methods,the
detailed results, discussions, and conclusionsare contained in a series
of ten related reports.

The present report is the first in the series~ and involves the
initial stages of the work. Specificallyj this report documentsthe
several decisions andmethodsthought necessaryin conversionof the
rawdata from its original analog form to digital form, the sampling
and calibration of data from the second(1973-1971+)sea~on~and a
sunnnaryof initial results.

ii

-. —



INTRODUCTION. . . . . .

INITIAL DATATAPESCREEN

. . . . . . .

NGANDANALOG

● ✎☛☛☛ ✎ ✎

MAGNETICTAPE

. . . . .

REPRODUCT

INITIALANALOGTAPEANALYSIS.

THEINTERVALSAMPLINGSCHEME.

DIGITIZATIC)NANALYSIS. . . .

THEDIGITIZINGPROCESS. . . .

ASSEMBLYOFOTHERPARAMDERS.

.

.

●

✎

✎

.

.

.

.

●

●

✎

✎

✎

●

FIRSTANALYSISOFDIGITIZEDRESULTS

SUMMARYOFDIGITIZEDINTERVALS. . .

REFERENCES.. . . . . . . . . . . .

●

✎

●

✎

✎

✎

✎

✎

.—. .. “, .-— ----

iii

m

.

.

.

.

.

●

.

.

●

✎

●

✎

●

✎

●

.

.

.

.

.

●

✎

●

.

.

.

.

●

✌

✎

✎

●

✎

✎

✎

✎

✎

✎

✎

.

.

.

●

✎

✎

●

✎

●

●

☛

●

●

✎

✎

●

.

.

,

.

.

●

✎

●

.

■

✎

✎

✎

✎

✎

✎

.

.

.

.

.

.

.

.

●

✎

●

☛

✎

✎

●

✎

.

.

.

.

●

●

✎

●

. .

ON

.

.

.

.

.

.

.

.

.

●

✎

✎

✎

✎

✎

.

●

✎

✎

✎

✎

✎

✎

●

●

. 1

. 1

. 2

. 4

. 6

● 9

. 11

. 14

. 20

. 25

— -.



LIST OFFIGURES

PAGE

DLGI.TIZATI:ONANALYSIS 8

SKETCH.ILLUSTRATINGMAXIMIWlSTRESSPARAMETERS22

LIST OFTABLES

RESULTSOFINITI.ALDATATAPESCREENING

ANALOGMAGNETICTAPETRACKDESCRIPTION,
TAPES139 THROUGH173

DEPARTUREDRAFTS

SUMMARYOFEXAMINATIONFORSATURATION
QFDLGITIZEDINTERVALS

SUMMARYOFINCIDENCEOFFAILUREOF
RANGE/RMSTEST

SUMMARYOFLOG-B.OOKDATA

3

12

13

19

26 -43

iv

—



SHIPSWlCTJ2ECO:!:.IITTEE

TheSHiP STRLIHURECORHITTEEis constitutedtoprosecutea research
program,to jmprcwetk h~ll structuresofshipsbyanextensionof kncr,.ilcdge
pel-tainingto design,mts’rials ZE2mtiwcisof fabrication.

Em;,!l;. l;. Eankert,USCG(Chairman)
Chi5f,Officeof I.!srchantl+arineSafety

U.S.CoastGuardHeadquarters
Fir. P. M.Palermo Mr. M. Pitkin
Asst. for Structures Asst.Administratorfor
NavalShipEngineeringCsnter ConmwrcialDevelopment
NavalShipSystemsCcrmmd MaritinwAdministration
Mr,JohnL. Foley Mr. C.J. tJhitestane
Vice President EngineerOfficer
AmricanBureauof Shipping Military Sealift Cournand

SHIPSTRUCTURES!JBCONMIllEE
TheSHIPSTRUCTURE$LlBCO;4?lIllEEacts for the ShipStructure(Wmnfttee

cntechnicalmattersbyprovidingtechnicalcoordinationfor the determination
of goalsandobjectivesof tiw program,andbyevaluatingandinterpreting th~
results in termsof shipstructuraldesign>constructionandoperation.
NAVALSEASYSTEMSCOM’4XVJ
Kr. R. Johnson- Member
Mr.J. B. O’Brien- ContrzctAdministrator
Mr. C. Pohler- Member
I,?r.G.Sorkin- Member
,U.S.COASTGUARD

- Secretary
Wf 4: H:~%~s~’’lienbsr
CWTC. B.Glass- Member
Dr. W. C. Dietz - :4=W
MARITIMEADilINISTWTIO/{
W. F. Dashnaw- Membw
Mr.N.Hammer- Member
;.ir.R. K.Kiss- Memb=r
/{r. F. !jeibnlcl-Member
MILITARYSEALIFTCOW4A!iD
i+r.T. M.Chapman- Ikmber
CD!IJ. L. Simmons- Msmber
ftr. A. B. Stavovy- l’le~b=
Fir.D. Stein- Piember
AHERICAHBUREAUOF.SHIPPI;IG
Hr. S. G.Stlansen- Chairman
DT. H.Y.Jan- Meii?5er
P!r.I. L. Stern- Iienbw

NATIONALACADEMYOF$CIENGES
SHIPRESEARCHCOMMITTEE

Mr.O.H.Oakley-Liaisw
Mr. R.W.Ruink- Lfaisorl

SOCIETYOFNAVAt.ARCHITECTS&
MARINEENGINEERS

Mr.A.B.Stavwr- Ljafs(lm
NELDINGRESEARCHCOUNCIL
Hr. K. H. Koopman- I.iairon
INTERNATIONALSHIPSTRUKfURES

CONGRESS
Prof. J. H. Evans- Li:ison
U.S.COASTGUARDACADEf*lY
CAPTIl. C. Nolan- Liaison

STATEUNIV.OFN.Y. MARI,TIMECOLLEG~
Dr.H.R.Porter- L$aiscm
Af~ERICANlR~j/&~FE~~Ils~lTU=

Mr.R.H.Sterne- Liaison

U.S:NAVALACADEMY
Dr. R. !3hattacharyya-Liaison

U.S.?W?CWTH/WIi’iEACACEHY
Dr.Chin-2eaKim- Liaison

v



NOTES

vi



INTRODUCTION

In the analys
by SSCin the 19601S
estimated Beaufort w

s of the wave-inducedship hull strain data obtained
it was necessaryto infer the waveenvironmentfrom
nd speeds. An extraordinary amountof workwas

reauired to developthe inferential techniques. Thesetechniquesappear
to ’suffice for val”id prediction of long-termtrends becausea-great deal
of averaging is carried out. Unfortunately whenverification of short-
term statistical predictions is desired, the use of wind as a wave
environmentindex appearsto be less than satisfactory.

As a consequenceit wasoneof the objectives of the SL-7 full-
scale instrumentationprogramto provide a direct instrumentalmeasureof
the waveenvironmentso that moreprecise correlations could be made
betweenfull-scale observations, and analytical andmodelresults.

To this end the ship wasfitted with a micro-waveradar relative
wavemeter and various motionsensingdevices. A “TuckerMeter’! pressure
actuated waveheight sensingsystsmwasalso installed.

The purposeof the present project is to reduceand analyze the
resulting wavemeter data obtained on the SEA-LANDMcLEANin the second
(1973-1974) and third (1974-1975) winter recording seasons.

The purposeof this report is to documentthe first phaseof the
project; that is, the selection of data, its digitization and calibra-
tion, and results of a first passanalysis. References1 and2 are the
primary backgroundreferences for this phaseof the work, anda general
familiarity with the measurementprogram,or with these references has
beenassumed.

INITIAL DATATAPESCREENINGAND
ANALOGMAGN~lCTAPEREPRODUCTION

The original recordingsweremadeat 0.3 ips in low-bandFM
(270 HZcenter frequency). Playbackat DavidsonLaboratory (D.L.) was
not possible without modifications to existing machinerywhich
requires intermediate bandFMtapes. Becausethe D.L. digitization
processrequires starting and stoppingthe tape machinery,there would
exist somedangerof accident (tape stretch or breaks) and the consequent
loss of somepieces of rather expensivedata if original tapeswere used.

For these reasonsthe mostprudentcourseof action wasto dupli-
cate the original tapes in intermediate bandFM. This is an operation
in which starting and stopping,of tape drives is generally limited to
the leaders and trailers and representsminimaldangerto the original
data.

1



Duplicating analog tape carries with it the dangerof introducing
noise whichwouldbe expectedto be mostly in the neighborhoodof 60Hz
if present. ,Ideally the duplicating tape speedshouldbe suchthat
60 Hz at duplicating speedis outside the bandwidthof interest in real
time. The required bandwidthfor the present project wasestimated to
be 1.5 Hz (real time). In order to get 60 Hz noise during duplication
to appearas a frequencyhigher than about 1.5 HZ r=l tinm, the dupli-
cation speedneedsto be no higher than 7-1/2 ips. Sixty Hz noise at
a duplication speedof 60 ips correspondsto 0.3 Hz real time.

The costs of duplication go downsharply as duplicating tape speed
increases. Accordingly, before any final choiceswere madeas to what
tapes to duplicate, howto do it, and howto handledigitization, some
data fragmentsat least had to be in hand. For this purposeTeledyne
Materials Research(TMR)produceda sampletape which is a partial dupli-
cate in intermediate bandFMof OataTape 123 from the 73/74 season.
The duplicating tape speedwas60 ips. Oneof the channelsduplicated
wasa multiplex channelwhich is essentially a step function. Uponplay-
backat 7.5 ips at D.L., expandedoscil lograph recordingswere madeand
this channelexaminedfor 7.5 Hz noise which is what60HZpickupdu~iw
the duplicating processshouldappearas. Nonewasfoundand it was
concludedthat, with reasonablecare, tape duplication could be carried
out at the highest andmosteconomicaltape speed.

The initial screeningof the second(1973-1974) data wasdoneby
TMR. Their results are reproducedas Table 1. Prior to Voyage28E
(11/29-12/3/73) no radar data (or an insignificant amount)wasavailable.
The TuckerMeter wasnot operational until Voyage32E (12/3~/72). From
Voyage36wonwarduntil 10SSof the radar during Voyage37, Tape Recorder
No. 1 wasreal-functioning and it appearedprudentnot to attempt recovery
of wavemeterdata from RecorderNo. 2 during this period. Therefore
it appearedbest to concentrateupontapes containing both radar and
TuckerMeter data; that is, the oddnumberedtapes from 139 through 177,
Table 1. This decision eliminated from consideration data fromVoyages

, 28 and 29 East. The tapes thus qualified for consideration cover
9 voyagelegs during the period 30 December1973to 3 March1974, a’total
of 20 analog tapes were involved, and these were duplicated by TMR. All
thirteen data channelswere reproducedagainst possible future use,
thoughonly sevenchannelswere required for the presentwork.

INITIAL ANALOGTAPEANALYSIS

The digitization processto be describedwas
‘assumptionthat a gross examinationof the contents
analog signals wouldbe unnecessary. Somepeculiar
radar rangesignal on the visual signal monitor and
higher than anticipated voltage levels necessitated

started underthe
and natureof th’e
behaviorof the
someindications of
a stop to digitiza-

tion and the productionof “quick look” oscil lograph recordingsfor the
channelsof interest on all 20 magnetictapes. The so-called “quick.looki’
record is producedby playing the tape at high speedinto an oscillograph

2



!!99E
28E

28w
29E
32E
32w

33E
33W
34E
34W
35E
35W
36E
36w
37E&W
38E

running

TABLEI

RESULTSOF INITIAL DATATAPESCREENING
ByTeledyneMaterials Researchfor

S~-LANDMCLEAN,1973-1974winter RecordingSeaSOn

RecorderNo. 1
Dates Tape Numbers

11/29 - 12/3/73 121, 123
12/6 - 12/10/73 125, 127
12/11 - 12/15/73 129, 131
12/30/73 - 1/4/74 139, 141
1/8 - 1/14/74 143, 145, 147
1/17 - 1/21/74 149, 151
1/23 - 1/27/74 153, 155
1/29 - 2/2 157, 159

2/5 - 2/9 161, 163
2/12 “ 2/17 165, 167
2/20 - 2/25 169, 171, 173
2/27 - 3/3 175, 177

3/7 - 3/12 179

3/14 - 3/25
3/26 - 3/31

No. Intervals Recorded
Radar Tucker

52, 48
52, 52
52, 48
64, 60 64, 60

6% 72, 32 64, 72, 32

64, 52 64, 52

64, 52 64, 52
52, 52 52, 52
48, 48 48, 48
48, 48 52, 56

56, 46, 36 56, 56, 36
48, 28 48, 28

Recorderproblems
Time-shared, recorder problems

Time-shared, recorder problems

at lowspeed. The result is a compressionof 30 minutesof real
time recording into about2-1/2 inchesof oscillograph tape. The result-
ing time history is so compressedthat only exceptionally large indi-
vidual fluctuations are visible. However,from such recordsa quick
assessmentof oscillatory signal level and gross zero stability is possi-
ble, as well as an accountingof recording intervals.

By roughlycorrelating the interval summaryin Reference2 with
the quick look records it appearedthat underheavyweather conditions
and somecombinationsof moderateweather and high ship speed, the radar
apparently lost lock; with the result that large (physically impossible)
changesin the meanradar rangesignal were visible on a compressedtime
scale. Whenthis problemappearedthe radar signal might typically
oscillate about somemeanfor a few minutesreal time, and then jumpto
a newmeanup to the equivalent of 25 feet full scale awayfrom the
original. The newmeanmight persist for the remainderof the 1/2 hour
recording interval or the signal might jumptwo or three moretimes to
newanddifferent means. Whenthis occurredj absolutely no indication

. .-
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of suchradical motionswasvisible in the roll, pitch or acceleration
channels. There was in addition a tendencyfor the radical changesin
radar meanto persist for sometime after the heaviest weather. When
any radical changewasobservedduring a tape, the meanvalue of the
radar signal wasusually different at the endof a tape than at the
beginning. In the longest tape correspondingto relatively heavy
weather the radar meanappearedsuspect in as manyas 40 out of 72 half-
hour recording intervals. Finally there were a few instancesof no radar
signal at all, or obviousdropoutsduring an interval.

The other tape tracks examinedincluded longitudinal vertical bend-
ing stress, roll, pitch, vertical and horizontal deck houseaccelerations,
and the Tuckermeter. Qualitatively, no problemswere apparentwith these
channels-- apart from a higher than expectedcalibration signal level on
the accelerations, and a half dozenrecording intervals (out of rnorathan
a thousand)whereextraneousinfluences suchas mainpowersupply fluctua-
tions could be suspected.

The peculiar behaviorof the radar wasdiscussedwith the designers.
It appearsthat the signal fromthe radar as installed during the 73/74
seasonis not the range in the ordinary senseof the meaningof radar
range. It is the difference in rangefrom somenominal initial range
condition. The radar has automatic features which insure initial signal
acquisition -- and re-acquisition in caseof temporaryreturn signal loss.
It appearedlikely that the symptomsobservedon the quick look records
might typically result from loss of signal in a trough (or crest) and
re-acquisition in a crest (or trough) since the original range reference
is lost whenre-acquisition takes place.

Conceptually, the correction of the radar rangefor ship angular
orientation is a straight-forward vector operation. The aboveconsiderat-
ions showedthat the length of the radar rangevector could not be
established solely from the instrumental data. The only reasonableoption
appearedto be to assumethat: a) the samplemeanof the radar data in
each interval correspondsto the position of the nominalstill water zero
speedwaterline of the ship; b) to correct the instrumental data to this
mean;and c) to add to the corrected data the distance from radar antenna
to still water as computedfrom the ship’s departure drafts. If the sample
meanis really reasonablyclose to the still water waterline this procedure
might result in total rangeerrors of 2 ~ 4 feet out of 75, since the
corrections are of a cosine nature the final results shouldnot be too far
off the mark.

THEINTERVALSAMPLINGSCHEME

In the 20 tape analog magnetictape data set coveringvoyages32E
through36Ethere are a total of 1064half-hour recording intervals. As
noted in detail in Reference2, RecorderNo. 1 in which the present data
wasobtained, wasalso the control recorder. RecorderNo. 1 was run
every time a newset of signals waspatchedinto RecorderNo. 2, so that

4
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RecorderNo. 1 wasoperating for the first two hoursout of every four
hourwatch. The observational data entered in the TMRlog wasup-dated
only for eachwatch, rather than for each interval actually recordedon
RecorderNo. 1. The magnitudesof longitudinal vertical bendingstress
presented in Reference2 appearquite consistent within eachwatch.
Theseconsiderationssuggestedthat a reasonableinterval samplingpro-
cedurewouldbe to take one interval from eachwatch. The entire avail-
able data set correspondsto 266watches; or just over forty-four 24 hour
days.

The peculiarities of the radar signal re-inforced this sampling
idea. The relatively large scale data reduction processenvisionedmore
or less precludedthe idea of spendingtime sorting out radar intervals
which are badly choppedup (by a mechanismnot fully understood)just
for the challenge of it. However,it appearedfor the mostpart that
even in heavyweatherone radar signal interval out of the four available
in eachwatchwasfree of grossmis-behaviorduring the recording inter-
val -- apart possibly from an apparently constantmeanvalue during the
interval whichmight be too high or too low.

Accordingly, the best interval samplingpolicy appearedto be
to take the best looking interval from eachwatch in accordancewith
the analysis of quick-look records. This general approachwasapplied
to all 20 tapes and the result wasa list of about 215 intervals which
satisfied

\
a)

b)

c)

d)

e)

the following:

Regardlessof any lack of satisfaction of later criteria,
the interval was the first interval of a voyageleg in
whichall data channelsappearedto be functioning. (The
main purposein digitizing intervals of this type regard-
less of the generally very low level oscillatory signals
involvedwasto obtain calibration signals as little as
possible distorted by the actual signal.) It was intended
that most intervals of this type wouldeventually be dis-
csrded.

The level of oscillatory signal on longitudinal moment
wasappreciable and the ship waswell out to sea.

All data channelsappearedto be functioning normally and
free of grossanalogmagnetictape saturation problems.

The interval wasone for whicha log booksummaryand
analysis appears in Reference2.

The radar signal appearedto haveconstantmeanlevel
during the interval, no obvioussignal drop-out, and
in marginal caseswasat least the best looking of the
four intervals available for the watch.

5



Consideringthe beginning-of-voyageintervals slated for discard,
this samplingschemeinvolved 206 or 207 watches, or about 78%of those
available. A few additional discards from this list were anticipated
from mistakes in evaluating quick look data or from blundersduring the
digitization. It wasassumedthat the samplingschemewouldresult in
a final sampleof between72 and 7&Aof the watchesavailable. About
half the discards wouldbe from start and endof voyageleg, the other
half a combinationof perceivedmalfunctionsof the various signals and
various mistakes, The rmin advantageof the schemeis that it involves
about an 85%coverageof the available observedconditions for which
the responseswere appreciable and the ship was in unprotectedwaters.
The maindisadvantageis that if the final analysis indicated a poor
selection of interval had beenmadewithin a particularly interesting
watch, it wouldbe uneconomicalto backup and digitize

DIGITIZATIONANALYSIS

Bandwidth

Digitization involves sequential samplingof aria’
a cotistant time interval, Lt. The size of this interva’
bandwidthof the analysis and the size of the resulting

another inte~val.

og signals at
controls the

time series.

In the present study the interest is in the “rigid body”motions;
the movementof the ship as a whole. Wavecomponentswhichare smaller
than the beamof the ship cannotbe expectedto excite the ship except
possibly in vibration. The SL-7 has a 105 foot beamand it is very
conservative to assumethat little or no motionsresponseshouldbe
observedat frequencieswhichcorrespondto wavesshorter than 50 feet.

The radar is 70 or 80 feet abovemeanwater and has a specified
beamwidth of 3.2°.Onthis basis the range is at best the averageover
about a 5 foot diameter circle at the water surface. A range resolution
of about 1 foot is specified. A 20 ft by 2 ft wave is nearly breaking,
so that it is extremely unlikely that any meaningfulradar responseat
all can be expectedat frequencies correspondingto 20 foot and shorter
waves. In fact the lack of resolution and the smearingeffect of spatial
averagingwouldbe expectedto introducesignificant error up to 40 or
50 foot wavelengths.

In the analysesof Tuckermeter outputs from small Weatherships
at zero speed, the data for componentwave lengths shorter than the ship
is consideredsuspect. Spectral analysesare not usually carried out for
frequencies in excessof that correspondingto a 50 foot wavelength
becausethe pressure fluctuations inducedat the below-surfacetaps become
too weakfor shorter wavesand the magnitudeof the signal becomescompa-
rable with the resolution of the recordingapparatus. Giventhat the SL-7
is nearly an order of fiagnitude larger than the weathershipsit also seems
quite conservative to assumethat no significant Tuckermeter signal will
correspondto wavesshorter than 40 or 50 feet.

6



The basic requirementfor “digitization is to determinethe band-
width of the analysis. All data are observedi~l the encounterfrequency
domain. The lower endof the analysis bandwidthis D.C. A conservative
estimate of the upperendwasmadeby transformingwave length into
encounterfrequencyunderthe assumptionsof full ship speedand head
seas. (For lower speedsandother headingsthe frequenciesdecrease.)
This transformation is shownin Figure 1. The result is that encounter
frequencies correspondingto 40 or 50 foot longwavesshouldbe less
than 1.4 - 1.7 Hz. Accordinglythe required bandwidthof the analysis
is D.C. to approximately1.5 Hz. So long as this bandwidthis maintained
throughoutthe analysis of the various intervals, the resolvable motion
andwavecomponentswill be available. Thetypical frequenciesof sig-
nificance in the results of the first season’soperations and in the
sampletape 123were seento be well within the D.C. to 1.5 Hz range.

AnalogPlaybackConsiderations

It happensthat the normalD.L. analog tape speedis 7-112 ips.
This is the sametape speedusedat TMRfor playbackand results in a
ratio of 25 betweenplaybacktime and real time. Anotherfairly normal
procedureat D.L. is to interpose low pass filters betweenthe signal out
of tape and the A/D Multiplexer. There are available a sufficient number
of matched6pole Butterworth filters of 40 Hz cutoff. Usingthe speed
up ratio of 25, these filters correspondto 1.6Hzfilters in real time.
The amplitude responseis plotted in Figure 1.

The normalD.L. proceduresfitted the present requirementsfairly
wel1. Usingthe 40 Hz filters in playback, frequencycomponentscorres-
pondingto wavelengthsgreater than 70 feet. are negligibly influenced by
the filter. At the estimated inherent lower limit of wavelength reso-
lution the attenuation is only about 20??. Higher frequencies are rapidly
attenuated, which is desirable, as responsecomponentsabove2 Hz real
time are expectedto be extraneousnoise insofar as motionsandwave
meters are concerned. The first longitudinal bendingfrequencywouldbe
resolved however. In the processof playback, useof these filters also
has the advantagethat a 60 Hz pickupor noise introducedby the playback
tape recorder is attenuated about 90%before the A/D converter sees it.

SamplingInterval

The normalA/D Multiplex systemin use at D.L. allows multi-
channeldigitization at time intervals, At, whichare integer multiples
of 0.002 sec. Accordingly, taking accountof the factor of 25 speedup,
the available samplingintervals correspondto 0.05, 0.10, 0.15, 0.20...,
secondsreal time. The correspondingNyquist frequencies are 10, 5,
3.333, 2.5..., HZ (real time). The existing TMRreduction programuses
At = 0.1 sec for stress analysis. Accordingto Figure 1 this is more
than adequatefor motionsdata. Accordingto the previousdiscussion
about filtering, a time interval of 0.15 sec shouldbe quite adequate
for the motions. Owingto the filtering, the correspondingNyquist
frequencyof 3.333 Hz is sufficiently high so as to avoid aliasing
(Fig. 1).

7
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The mainadvantagein choosingAt = 0.15 rather than 0.10 is in
the 34%reduction of the size of the required digital data storage. The
disadvantageis that typical wavecomponentsof 0.5 Hz, say are def!ned
by 13 instead of 20 points.

THEDIGITIZINGPROCESS

Generally, the philosophyof the TMRsingle channeldigitization
schemeseemedbest to follow. I.n that scheme20 mintitesof eaci-”’interval
are digitized and analyzed. The first two minutesof each30 minute
recording interval provide zero and calibrations, the digitized data are
essentially 20 minutesworth of the remaining28. For a 20 minutesample
the choice of At = 0.15 sec correspondsto 8000 points per channelper
interval. Consideringthe potential ”useof the FFTalgorithm it appeared
useful to specify that at least 8192 points (2’3) per channelmakeup the
final sample(20.5 minutesamplesinstead of 20 minutes).

In order to minimizealterations in the existing D.L. digitizing
systemit wasdecided to start digitizing as near as possible after the
start of the first minute (full scale) of electrical zero, and stop CInly
whenthe remainderof the zero, the calibration signals and at least
8192 points/channelof samplehad beenobtained. A minormodification to
the D.L. systemwasmadeso that after digitization wasstarted it would
stop itself after exactly 9015 scansof the channelshad beenobtained.
(A “scan” is equivalent to the digitization of all “N” channelsspecified
at the highest rate possible. In the present’case the digitization rate
during a scanwasnearly two orders.of magnitudefaster than the basic
scan-to-scan rate.) The total scanspecification of 9015wasfor later
convenience. Somepreviously established conventionson the packing
and subsequenthandling of the multiplexed data in the general case
madeit simple to throw away(if desired) the first 805 scanscontaining
the zeros and calibrations. This would leave 8210 scansof sample,a few
morethan the minimumnumberspecified.

The digitization start wasto be manuallycontrolled. Operator
reaction times were suchthat the.digitizing actually started about half
waythroughthe electrical zero in the vast majority of intervals. Using
the cited values of At and numbers~f scans, and assumingthe first scan
of the actual sampleto be the 806t , the approximatetiming of the
digitized portions of the original 30 minute interval were as follows:

Start Digitized Electrical Zero: .5 *.2min. after analog interval start

Start Digitized Calibration 1.0 +.2 min. after analog
EndDigitized Calibration 2.0 *.2 min. after analog
Start Digitized Sample 2.5 *.2 min. after analog
EndDigitized Sample 23.0 *.2 min. after analog

nterval start
nterval start
nterval start
nterval start

9



The digitizing processitself wassomewhatcumbersome.The size
of the resulting digital files, the minimumrunningtime of the analog
tapes (roughly 20”hours), and the necessity to schedulethe use of the
D.L. PDP-8ecomputersystemmeantthat the actual digitization workwas
conductedin several sessions. The aspect of the workmostproneto
systematic error wasthe analog signal processing. Prior to the start
of the worka voice annotatedtest tape wasmadeup. The first part of
this tape containedknownstep voltages placed in turn on eachof the
7 tape tracks to be digitized. The secondpart of the tape contained
several runswheresinusoidal voltages of constantamplitudeand various
frequencieswere placedon all tape tracks.

As described, the analog setup for eachdigitizing sessioncon-
sisted of interposing a 40 Hz lowpassfilter for eachchannelbetweenthe
computerA/D converter and the AmpexFR1800Ltape recorder usedfor play-
back. A two channeloscilloscope wasusedfor visual monitoringof two
of the filtered outputs. Before commencingwork in a sessionthree system
checkswere performed. The first wasto checkthe systemvoltage cali-
bration for eachchannelby using the computerin an ‘Ion-l ine’l modeto
digitize and analyze voltages applied simultaneouslyto all filter inputs
(tape recorder disconnected). This operation wasto insure that the D.C.
gain and offset of the filters wasnominal. The next operation involved
connectingthe tape recorder, and using the computerto digitize and
analyze the first part of the test tape. The result of this operation
wasessentially a verification by the computerthat no blundershad been
madein analogwiring or in instructing the computeras to whichseven
of its 32input channelsto consider.

The last checkingoperation wasto use the computerin a third
on-line analysis modeto digitize and analyze the secondpart of the test
tape. in this case a peak-to-peakanalysis of the sinusoidal signals on
all 7 channelswasmadefor various frequencies. The results verified
that the filter frequencyresponsefor eachchannelwasnominaland had
not changedfrom session to session.

Mostof- the activity during actual digitizing involved keeping
track of which tape intervals to digitize in accordancewith the list
resulting from the samplingscheme. Since the tapes contain no annota-
tion of any kind, it wasnecessaryto keepa runningaccountof tape
footage correspondingto the actual endof eachdigitized sampleor
whatwouldhavebeenthe end had the interval beendigitized. Fortu-
nately, the TMRprogrammerwasquite reliable in providing constant
lengths of tape for each recording interval. Whenan interval wasto be
digitized the tapewas started prior to the electrical zero portion, and
the computerwasmanuallystarted as soonas the visually monitored
signals quieted and returned to the nominalzero position. After the
digitization of the interval wasfinished the tape wasstopped, a unique
run numberwasfurnished the computer,and the digitized run wasstored
with its identification and the appropriate computersetup documentation
in a file on oneof the PDP-8edisk packs. At this stage the data
obtained for each interval for the7 channelsconsistedof 631o5 12 bit
computerwordsin order digitized; that is, an array in which the data
for channelJ occupiesthe (Jth), (J+7)th, (J+14)th, etc. positions in
the array.

10



The files resulting fromeachdigitizing sessionwere loaded into
DECtap~s (a form of digital magnetictape peculiar to Digital Equipment
CorporationComputersystem). Th=sewere ultimately ti-ansportadto the
Stevensln~titute FDP-10ComputerFacility wherethe tapes were read,
the files were cmverted from PDP-& standard format to a format readable
by the PDP-10and flnal]y the files werewritten on 9 track digital magn-
etic tape. At this stage the 63000 integbrs defining the interval
remainedir, the origins! order but were packed3
36bitPDP-:0worcI,

12 bit numbersto each
and the entire array wasorganized into blocks con-

formingto the existing standardsfor the D.L. digitization system.

ASSEMBLYOFOTHERPARA14H”ERS

The rawdigitization files contained little more information than
the original magnetictape. Quite a numberof other pieces of information
were neededToi- arialysis arid for correlatl~n.

All the raadily available information about the general circum-
stancesassociatedwith eachtape and interval is contained in the
Appendixof Wferemce2. This Appendixis a tabulation from theTMR log-
booksof time$ ships position, speedsdraft~ visual observationsof
weatherandwaveconditions general comments,and the results of the
TMRanalysis of midshipvertical bendingstress. All of the data surrrnar-
izec!by TbiRfor the particular intervals whlcbhad beendigitized waskey
punchedjreformatted slightly and stored on digital tape so as to be
accessible by the $tevans PDP-10system. In the present case, one item
in the TMRsummai-y(estimated wave“length)had never beenfilled in, and
wastherefore omitted.

Table II contains a track description for Tapes139 through173,
and the valses and sensesof the TMRcalibration signals. The corres-
pondingtrack description for Tapes 175 and 177 is the sameexcept that
the forward deckhouseaccelerometerpackage(Tracks6j7)wasomitted and
a like pair- of accelerometerslocated in the radar pedestal were substi-
tuted. l-he values of calibration signals and their senseswere established
in conferenceswith both TMRandNRL~the designersof the radar.

it wasdecidedto digitize longitudinal ver~ical bendingstress
(Track 1) as a control channeland fcir possible use in a later phaseof
the program. ‘In addition to the radar output, roll, pitch and the outputs
of the ac.celerbmeterpackagenearest the radar were digitized (Tracks 3,
4,5,6,7). The seventhtrack digitized wastheTucker Meter.

The values of the calibration signals are useddirectly in the
calibration of the data. Twosign inversionswere necessary. Positive
roll starboard side down,positive pitch bowUp$and positive vertical
acceleration iri’ a senseopposite to the gravity signal from the accele-
rometerall sq~~ta coordinate systemin which the x axis is positive
forwardj the y axis is positive to star board and the z axis is positive
downward. in ‘*his coordinate syst~ positive ti-ansverseacceleration is

11’
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an acceleration to starboard so that the sign of the calibration signal
wasreversed for Track 7, the transverse accelerometer. In a preliminary
developmentof the corrections to radar range, the range itself wascon-
sidered positive, so that the sign of the radar calibration signal needed
to be reversedalso.

For the radar rangecorrections the relative position of acceler-
ometerpackageand radar antennaneedto be established. Fromthe
positions of the transducersgiven in Reference2, ship’s plans and radar
pedestal drawings, the radar antennawasfoundto be 13.8 feet aft, 46.s
feet to starboard, and 2.25 feet belowthe forward deckhouseaccelerometer
package. Thesevalues hold for voyages32 through35(Tapes139-173).
In voyage36Ethe correspondingvalues are zero becauseof the shift in
location of accelerometerpackageto the radar.

Accordingto the radar log the radar wasaimedrelative to ship
coordinatesat an azimuthof 90° and depressionfrom horizontal of 74°;
that is, the radar wasoriented in a plane normalto the ship centerline,
pointing downand slightly to starboard.

The nominaldistance of the radar abovethe departure waterline was
established with recordeddeparture drafts furnished by the owners. The
vertical position of radar antennaabovebaseline wascomputedfrom plans
to be 106.5 feet, its longitudinal position 123 feet aft of FP. The
departure drafts and the result of the computationof initial vertical
position of the radar are given in Table III.

TABLEIll

Voyage

32E
32W
33E
33W
34E
34W
35E
35W
36E

DepartureDrafts
Fwd. Aft
(feet and inches)
33-8 34-4
31-4 32-4
32-9 35-3
34-9 35-9
34-o 34-2
31~8 32-10
31-8 34-8
33-2 34-6
35-o 35-5

Vertical Position
or RadaraboveWL

(feet)
72.7
75.0
73.4
71.6

72.5
74.7
74.4
73.2
71.4
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FIRSTANALYSISOFDIGITIZEDRESULTS

Content

The first analysis of the digitized results had the objectives of
completingthe calibration developinga few simple indices of the con-
tent of the sample, and a general checkon the results of the digitizing
process. As noted in a previous section, the first 805 scansof each
digitized interval were to contain electrical zero and the TMRstep cali-
brations, and an 8200 scansamplefollowed.

The first step in analysis of the first 805 scanswasto establish
for eachdata channelthe scan numberscorrespondingto the mid-point of
the 10 squarewavesignals producedby the TMRprogrammer.This was
accomplishedby a simple time correlation procedurewhich usedthe known
nominaldurations of the squarewaves, and the magnitudeand senseof
the swing. Oncethe position of the squarewaveswasestablished, the
nominalendof the electrical zero could be established and the digitized
data could be averagedin the applicable groupsof scansto producean
average representing electrical zero, averagesrepresenting the value of
the cal step, and averagesof the signal “in betweenthe cal step. To
avoid the transient responseof the data filters only the middle half of
eachstep wasaveraged. Becausethe TMRreduction procedureincludes the
computationof the meanof the first 4 minutesof data after the calibra-
tion this wa:halso incorporated, the averageextendingas far as necessary
past the 805 scanof the interval.

Four numberswere also extracted from the actual samplefor each
channelof each interval. Thesenumberswere; 1) the largest digitized
numberin the sampletime series; 2) the smallest; 3) the samplemean,
and4) the samplerms.

The results of these operations were listed for visual inspection.

Values of the Calibration Steps

All the calibration squarewavesare supposedto be imposedat the
sametime. In the vast majority of casesthe calibration algorighmindi-
cated cal steps at the sametimes and of constantmagnitudefor radarj
pitch, and the two accelerations, but often significantly different times
and erratic magnitudesfor vertical bendingstress, roll and the Tucker
meter. Consultationof the quick look oscil lograph recordsand some
expandedrecordsshowedthat the programmerswitcheswere not always
functioning for the Tucker, the magnitudeof swingfor roll wasmargin-
ally too small, and the signal level on longitudinal bendingstress was
often too high relative to the cal step for the present simple algorithm.
A re-run of the calibration wasmadein which the position of the cal
steps on all channelswasdeterminedby the position detected for the
transverse acceleration channel. The result wascal step magnitudesof
reasonableconstancyand these were usedfor the final calibrations.

14



Before indicating the calibration results for the various channels
the various sensitivities of the elanents of the digitization process
shouldbe noted. The nominal”voltage sensitivity of the reproduceelec-
tronics in the analog tape recorder is 1.1+14volts output for a 40%of
center-frequencyfrequencydeviation on the FMtape. The D.C. gain of
the filters is unity ● .5%. The computerwasset to resolve 2-1/2 volts
input into 1024parts. The net sensitivity frommagnetictape output
throughfil~er and computerA/D wasnearly nominal, ranging from410 to
412 cu/volt” dependingon the channel. In roundnumbers,411 cu indicated
by the computercorrespondedto 1 volt out of the tape recorder or a 28.PL
frequencydeviation on the tape.

The calibration steps are superimposeduponthe signal for the
longitudinal bendingstress channel:, As described in the TMRreports,
the averageof the 10 cal steps and the averageof the nine pieces of
signal betweenthe cal steps is computed. The indicated cal step for each
interval is the averageof the cal steps,minusthe averageof the inter-
mediate pieces of signal. Theseaverage indicated steps were computedand
listed for all the digitized intervals. Becausethe signal is mixedup
with the calibration step in this channel, the typical interval to inter-
val scatter in what shouldbe a constant is often 15%. Howeverthe average
result at beginningand endof voyagescorrelated within about * 1%over
the entire two monthperiod of the data set. It wasconcludedbest not
to believe the indicated fluctuations and a final cal step of + 418 cu
wasusedfor all tapes all voyages. This correspondsto a positive
1.02 volt step or a 28.8%deviation, both figures nearly exactly the
values set up by TMR.

In the radar calibrations the 10 squarewavesare imposedwith
reference to electrical zero and the signal is suppressedwhile the step
is imposed. The indicated cal step is thus the averageof the 10 indi-
vidual steps minuselectrical zero. This calibration wasexceptionally
steady from interval to interval and tape to tape, the typical variation
being less than 1/2%. In this case the cal step wasagain taken as con-
stant over all voyages,all tapes and equal to + 568cu. This’is equiv-
alent to + 1.38 volts or a 3%%deviation, and is 3&Atoo high relative
to the values whichwere supposedto havebeensetup.

The cal steps applied to the roll and pitch tracks were similar to
that for the radar. The signal is suppressedwhile the steps are on; and
the reference for the signal is electrical zero. Again the indicated
averagecal step is the averageof the 10 individual steps minuselec-
trical zero. In the first five tapes (Voyages32EandW) the indicated
cal steps were quite steady’from interval to interval~ the variation
being typically less than 1%. The magnitudesdeterminedfor roll was
222 cu (.54 volts, 15%deviation) andfor pitch was450 cu (1.09 volts,
31%deviation). Theseresults are very close -to the values expectedon

;l<
The abbreviation “CU”stands for computerunits; that is, roughly
1/411 volts into the A/D.
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the basis of TMRsetup records. For the remaining15 tapes (Voyage33E
onward)considerable interval to interval fluctuations were noted even
thoughthe values of the individual steps applied within each interval
were quite constant. The ratio of the roll and pitch calibration steps
wasconstant however. It turned out that both transducersandthe cali-
bration signal circuit were fed from the samepowersupply and troubles
with droopingvoltage from this powersupplywere experiencedduring the
period of time in question. The best courseof action was therefore to
believe the cal steps derived from the digitization of each interval from
Voyage33Eonward. Thevalues rangedfrom nominalto 70%of nominal, and
this variation wasconfirmedby the analogquick look records.

The cal steps applied to the acceleration channelswere effectively
superimposedon the meansignal level, thoughthe signal wassuppressed.
Accordingly, the averagecal step wasderived by averagingthe 10 indi-
vidual steps from each interval’ and subtracting from this result the mean
of the first 4 minutes,of signal whichwasfelt to be a slightly better
estimator of the meansignal level during the calibration than the short
pieces of signal betweencal steps. The stability of these results from
interval to interval wasvery good. The cal step for transverse accel-
eration appearedto be ~ 550 cu * 1%for all tapes (+ 1.34 volts, 3~A
deviation). The step for vertical acceleration scattered less than 1%
within any voyageleg but wasset at slightly different levels for each
voyageleg, these varying from+ 1135cu to + 1153cu (2.78 to 2.81 volts,
approximatelya 79%deviation).

The step for the transverse acceleration is about 34%higher than
the level expected, and that for the vertical acceleration is 280%of the
level expected. The meanof the vertical acceleration wassupposedto be
biased negatively (to simulate gravity) approximately0.5 volts (-l@A
deviation). Onthe tapes in handit wasbiased negatively approximately
1.3 volts (-35%deviation) and thus the positive 2.8 volt swingjust about
stays inside the nominaltape deviation rating.

The averageTuckermeter cal step wascomputedin the samewayas
for the accelerations. DuringVoyage32Eand W (Tapes139-147) the cali-
bration for the Tuckermeter wasmissing in most intervals. Thosesolid
calibrations present indicated a cal step of +-400 cu (0.97 volts~ 27%
deviation). This is in agreementwith nominalvalues used in original
setup. DuringVoyage33Ethe cal step suddenlydropped30%from’nominal
3/4 of the waythroughthe voyage. DuringVoyage33Wand 34Ethe step
wasnominalwith interval-to-interval fluctuations of 1 or 2%. During
Voyage34Wthe step wasconsistently 67’?belownominalwith A 2A varia-
tions. Finally in the last three voyagelegs (35E to 36E) ,the cal step
was60%of nominalwith only A 1%fluctuations. Mostof these variations
appearto be matters of periodic gain readjustmentprior to the start of
a voyageleg; thoughthis could notbe confirmed. It wasdecidedto use
the individual cal steps computedfor Voyage33 East onwardand the esti-
matedvalue quotedabovefor Voyages32Eand 32W.

All of the final decisions were incorporat~d in a computeraccess-
ible fil~ so that the correct’cal step value could be associatedwith
eachchannelof each interval.
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The unsolvedproblemof the calibration exercise is whythe cal
levels on the radar, the accelerations, and on the Tuckermeter during
3 voyagelegs, are not as expected.. Oneduplicate magnetictape was
returned to Teledynefar verification that it and the master tape were
really the same. The conclusionfrom that exercise wasthat the dupli-
cate analog tapes are really duplicates. In four of the sevenchanne’ls
(including three with higher than expectedgain) the gain stabi 1ity
appearsexceptionally good, consideringthat the original calibration
signals havehad the opportunity of being degradedby three separate
recording/playbackoperations involving four separate tape recorders
and probablyat l:east as manyseparate pieces of analog hardware.

Zero Stability and Saturation

Enoughdata from the first passanalysis wasavailable to check
if the digitization ’hadbeenstarted correctly during the electrical
zero for each interval. The indications were that it had been in all
but 3 intervals. Thesewere discardedas far as subsequentanalysis was
concerned.

In principle, the averagevalue for the digitized electrical zero
for each interval is the reference level for that interval, irrespective
of its deviation from zero volts input measuredat the computerA/D inter-
face. However,the magnitudeof the offset of the tape electrical zero
is an indicator of bias or zero stability of the entire system>including
original signals and tape deck, and that of all the subsequentanalog
processingequipment. An examinationof the digitized electrical zeros
disclosed no large systematicvariation? with analog tapeor with voyage,
except in the caseswherethe programmerswitch for the Tuckermeterwas
knownnot to be operating properly. The general zero stability of the
wholeprocessis perhapsbest judged by the zero stability for t17e roll
and pitch channels. Electrical zero in these channelscorrespondsto
a center-tap on the potentiometric transducersrather than to the open
circuited tape deck input util ized to create a zero on someother channels.
In the caseof roll and pitch the averageoffset throughoutthh data set
for roll wasabout 70 mvwith what appearedto be randomfluctuations of
+ 35 mv. The correspondingnumbersfor pitch are 100mvand4 35 mv.
The typical m~anelectrical offset ori other chann~lswasnot far differ-
ent. A meanoffset of 70 to 100mvrepresents5 to 7%of nominalfull
scale for the playbackrecorder. Absolutetape speederrors in the four
recorders in the processcould conceivablyadd Lipto this offset magni-
tude, to say nothingof small offsets in other analogcomponentsof the
Systal. The fluctuations in offset of the pitch a~d roll channelsamount
to & 2-1/2% of nominalfull scalb of the playbackrecorder. This; too
could haveb~en injected by the sumof absolute tape speederrors of
original and final playbackrecorders. Overallfl the apparentelectrical
offsets of the original electrical zero appearat least as small as could
havebeenexpected.

The final checkon the validity of the digitized intervals wasfor
saturation. As far as the digital part of the processis concerriedall
signals levels within :k2-1/2 volts were I-esolvedj sigrials outside this
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rangeappeardigitized as the maximumpossible number(k 1023CU). The
filters interposedbetweentape deckandcomputerhave.a + ICIvolt linear
range. The tape machineIJsed in playbackhas a nominalminimumlinear
reproduceelectronics output range OF& 1.414 volts. In the present case
the reproduceelectronics are acceptably linear to + 1.75 v~lts (50%
signal deviation). Their- output deviates progressively more“F}-om
linearity as output voltage increasesbeyond1.75 volts to soresfigure
above2 volts wherethe FMdemodulatorgoesmadand produceswild fluc-
tuations of output signal.

Saturation is thus controlled by the analog tape playbackmachine.
In the present case a digitized numbercorrespondingto less than 1.’75
volts wasconsideredunsaturated. Results between1,,75and2,0 or 2.1
volts were consideredquestionable. Digitized results OF 1023cu or
-1023 cu were almost certainly a result of over saturation of the tape.

The extremesof the digitized sampleswere viewedwith these
criteria. In one or two instancasthere appearedto be excessivetape
saturation and these intervals were disregarded in subsequentanalysis.
After these discards and the others noted previously the data set had
contracted from around215 to 198 intervals. Of-these, there are 24
intervals wheresomequestion exists. Table iV summarizesthe results
of the examinationof the data for saturation. Therewere 174intervals
in the set wherethe extremesin the samplelay in the + 1.75 vplt rarig.e.

The radar channelwassomewhatproneto saturakicmj since whenthe
oscillatory componentof rangewas large, the meansometimesshifted
sufficiently awayfrom zero that the largest oscillatory fluctuations
then saturated the tape. Remainingin the data set are a total of seven
intervals wherethe magnitudeof extr,emeoutput voltage from the radar
channel-wasbetween1.75 and 2.1 V. The fact that one isolated extreme
is in the non-1inear rangeof tape reproduceelectronics doesnot neces-
sarily meanthat the interval is useless, and th~ seven intervals were
retained on this basis.

The vertical acceleration channelwassomewhatmoreproneto satu-
ration than the radar channel, there being 20 instances in Table IV where
the magnitudeof the extremeoutput voltage from the vertical acceleration
channelwasbetween1.75 and2.1 V. ‘Theseintervals were retained or-Ithe
samebasis as in the caseof the questionable radar intervals. The problem
with the vertical acceleration channel is the excessivebias ~~otedin the
calibration analysis. The gain for the oscillatory componentsis not
excessive. Howevera bias of -1.3 volts meansthat whansignificant oscil-
latory accelerations occur, the extremeswill aimost certainly exceedthe
nominalminimumlinear rangeand occasionally the practical ‘1‘irrearrange.

Twoinstances involving longitudinal bendingstress are noted in
Table IV. Oneis merely a questionable isolated extremearidthe other ‘is
almost certainly a case of over saturation.

As implied by Table IV> no obvioussaturation problenlswere noted
for channelsnot mentioned.
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TABLEIV

SUMMARYOFEXAMINATIONFORSATURATION
OFDIGITIZEDINTERVALS

Voyage Tape Interval Channelswith Saturated Extremes(Magnitudein Volts)

139,141
143
143
145
145
145
145
145
145
145
145
147

149,151
153
153
155

1;:;159

163
163
163
165
165
167
169
171
171
171
171
171
173
175
177

ALL
58
60

1
9

13
21
25
29

2{
ALL
ALL

::
ALL
ALL
17
5
9

;;
42
ALL
ALL

5
13
;;

56
ALL
45
ALL

None
Radar (1.8)
Vertical Acceleration (i.8)
Radar (2.0), Vertical Acceleration (1.8)
Vertical Acceleration (2.1)
Vertical Acceleration (1.9)
Radar (2.0)
Radar (1.9), Vertical Acceleration (1.9)
Vertical Acceleration (1.9)
Radar (1.9], Vertical Acceleration (1.9)
Vertical Acceleration (1.8)
None
None
Vertical Acceleration (1.8)
Vertical Acceleration (2.0)
None
None
Radar (2.1), Vertical Acceleration (1.9)
Vertical Acceleration (1.9)
Vertical Acceleration (1.9)
Vertical Acceleration (1.9)
Vertical Acceleration (1.8)
Vertical Acceleration (1.8)
None
None
Vertical Acceleration (1.8)
Radar(1.9), Vertical Acceleration (1.9)
Vertical Acceleration (2.0), Longitudinal Stress (1.9)
Vertical Acceleration (1.9)
Vertical Acceleration (1.9)
None
Longitudinal Stress (over saturated)
None

,9
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An additional checkon the validity of the data wasmadeby form-
ing the ratio of the rangeof sampleextremes(largest - smallest) to the
computedrms. If the statistics of the maximaof the processesinvolved
follow the Rayleighdistribution (as dictated by customand conventional
wisdom)this ratio should lie between5 and 8 in 90%of all samplesof
100 or 200 maxima. Excludingthe over saturated stress (tape 175
Table IV) in the 198 intervals finally qualified this ratio rangedfrom
4.5 to about 11, dependingon channel. Table V summarizesfor each
channelthe percentageof intervals in whichthe ratio of ranqeto rms
lay outside ~he5 to-8 acceptancerange. The results
sistent with the statistical assumptions. Failure of
correlate with the instancesof questionableextremes

TABLEV

SUMMARYOF INCIDENCEOFFAILURE
OFRANGE/RblSTEST

look fairly con-
this test did not
in Table IV.

Percent of Intervals in which
ratio of rangeto rmswasout-

Channel side rangebetween5and 8

Longitudinal Vertical BendingStress 15%

Radar 10%

Roll 5-1/2%

Pitch 14%

Vertical Acceleration 6%

TransverseAcceleration 68A

TuckerMeter 9%

SUMMARYOFDIGITIZEDINTERVALS

TMRLog-bookData

The last stage of the samplinganddigitization phaseof the
project wasto gather together the various parametersand scale up some
pertinent results from the digitization. The productof this operation
wasthe nine tables appended;these are intendedto serve as a listing of
which intervals of those digitized were to be consideredin subsequent
analyses, as well as a summaryof the surroundingcircumstancesandof
the rawdigitized signal magnitudes. Eachtable pertains to one of the
nine voyagelegsj and is divided into four parts (a throughd).

Parts a
from Reference
the meaningof

and b of each table conta’
2. With the exceptionof
eachentry is that establ’

2(I

n the log-bookdata extracted
the first columnof eachpage,
shedby TMR. The first column



is the run numberassignedto each interval during the digitization at
D.L. This numberis retained for identification in subsequentparts of
the table.

Comparisonof TMRand RawD.L. Results for Longitudinal Stress

Part c of each table is a comparisonof results from the present
digitization with that at TMR. Five columnsare stress results obtained
at TMR,copied from Reference2. Stresses are presentedin thousandsof
poundsper square inch. The columnsmarked6 through8 are from the
present digitization. The probable resolution of the analog tape recorder
is A 1%of full scale. This, accordingto the values of cal steps
established previously, correspondsroughly to ~.1 kpsi so that the two
decimal places shownfor stresses are optimistic.

Thoughit wasnot within the objectives of the present work to
produceanything having to do with recordedmidshipbendingstress, it
wasfelt prudent to digitize this channelandmakerudimentarycompari-
sonswith the results obtained by TMR. The main reasonfor this decision
wasto increase the credibility of the data processingmethodsdescribed
in this report. If the present results and those of TMR,Reference2,
were to diverge by unreasonablylarge margins>systematic errors in the
present processwouldbe suspectedto exist in the data channelsof
primary interest as well as the midshipbendingstress channel.

Unfortunately the quantities comparedin part c of the tables are
in a strict sense, different things. This comesabout becausethe two
data reduction proceduresare different and becausethe portions of the
data interval actually analyzedwasslightly different. Figure 2 illus-
trates someof the differences. The top sketch represents the combined
vibratory andwave inducedstress actually recorded. In the present
analysis the largest and smallest combinedstress were extracted. Sub-
traction of the two yields IIrange of recordedextremes”as noted in the
figure, and recordedin column6of the tables. This numberis compar-
able in principle to that producedby a mechanicalscratch gage. The
largest and smallest instantaneousstress are not necessarily associated
except that they were observedin the same20.5 minutesample. The second
item obtained in the present analysis wasthe processrms, which is the
square root of the meansquareddeviation from the samplemeanfor the
entire time history analyzed. The numbersproducedby the TMRanalysis
were derived after two filtering operations separated“waveinduced
stress‘1 and%ibratory stress.” Sketchesof the result of this operation
uponthe raw stresses are indicated in Figure 2. The TMRanalysis pro-
ducedonly one numberfrom the vibratory part of the stress, “the maxi-
mumfirst modestress.” As noted in Figure 2 this is just the largest
doubleamplitudeof vibration in the record. (It shouldbe notedalso
that the TMR.analysis recordedzero vibratory stress if the maximum
vibration doubleamplitudewas less than 0.4 to 0.6 kpsi.) With respect
to the “wave-inducedstress11the basic TMRanalysis is a “peak to trough”
analysis; that is, a series of numbersrepresenting the swing in stress
(doubleamplitude) from each positive maximumto the succeedingnegative
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minimum(the zero crossing conventionis employed). A
root meansquareof this series of doubleamplitudesy
given in column4 of the part c tables. Finally, the
doubleamplitude is extracted and this numberappears
table.

computationof the
elds the number
argest wave induced
n column3 of the

Nowconsideringa comparisonof the present “range of recorded
extremes”with the TMRresults it shouldfirst be noted that the “range
of recordedextremes”could be exactly equal to the maximumpeak-trough
waveinducedmomentor practically equal to the sumof maximumwave
inducedandmaximumvibratory doubleamplitudes. Giventhe non-ideal
characteristics of real data (the sketches in Figure 2 are fairly real-
istic) the aboveis mostunlikely. Thus, as far as correlations with
the TMRresults are concerned,the present rangeof recordedextrmm
wouldbe expectedto be larger than the maximumpeakto trough bending
stress foundby TMR;andquite possibly smaller than the sumof the TMR
maximumpeak to trough bendingstress and the TMRmaximumfirst mode
stress. At the right of the table the ratios of the corresponding
columnsare formed. The ratio of rangeto maximumpeakto trough (6/3)
averagedover all 198 intervals is 1.34, a reasonableresult. The
correspondingaverage ratio of, rangeto sumof maximumbendingand
maximumburst (6/3+5)is 1.12, higher than was initially thought. If
intervals in which the maximumburst stress is shownas zero are elim-
inated, this average is 1.04. It maybe noted that tape over saturation
(Table XiVc, Run1945) producesciuite unrealistic looking ratios. The
TMRanalysis maywell”not have includedwhateverproducedthe satura-
tion in the present analysis.

Column7 in the “c” part of the tables is 2/2 times the sea’
up stress processrms. This estimate shouldcomparewith the value g’
by TMRfor “rmsP to T stress,” accordingto the Rayleigh assumption
commonuse. Howwell these latter two estimates compareis indicated
the ratio of column7 to 4 shownat the right of the table. The mean
value of this ratio is 1.18 over all 198 intervals. Since the D.L. d

ed
ven
n
by

9-
itization producesan rmswhich includes the effect of longitudinal first
modevibration and the TMRresults shouldnot be inclusive of vibration,
this appearedto be a reasonableresult. Casualexaminationof the ratio
of column7 to 4 indicates that the estimates are often closer together
whenthe signal magnitudeis large. Howeverno further quantitative
correlations were attempted.

Column8 of part Ilcll of the tables is the scaled difference of
the samplemeanof the interval noted,.from the samplemeanof the first
interval digitized in eachvoyageleg. This quantity should reflect the
effects of ballast changesduring the voyage. Direct correlation with
results producedby TMRwasnot possible within the scopeof information
available for this project.

Giventhe present state of knowledgeabout howthe extremesof
vibratory andwave inducedstress ought to combine,and the extent to
which the Rayleighassumptionis generally valid for wave inducedstress,
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there seemedabout as muchchangeof the expectationsbeingwrongas
the various analyses. In any event, the comparisonsof the two differ-
ent sets of results implied that no gross systematic problemswere
present i.n the present data reduction scheme.

Magnitudeof Radar, MotionandTuckerMeter Signals

Part d of the tables involves scaled up indices of the magnitude
of radar, roll, pitch, vertical and transverse acceleration, andTucker
meter signals. The first index in eachcase is 4.0 x the rms. This is
a conventionalapproachto the significant double
averageof the 1/3 highest doubleamplitudes).

Thesecondand third indices are the posit
for eachchannel. The extremesobservedfor roll
for electrical zero on tape before scalinq. The L

amplitude (or the

ve and negative extreumss
and pitch were corrected
xtrmes for all other

itemswere corrected to the samplemeanbefore scaling. As a consequence,
shifts in the meanof the radar are washedout, andthe one “g’! bias in
vertical acceleration disappears. Theextremevalues shownare reason-
ably symmetrical, and, as waspointed out in a previous section, bear a
believable relationship to the rmsvalue.

All of the scaled up values in the part d tables appearphysically
possible. Themagnitudeof pitch seemsquite reasonable. That for verti-
cal acceleration is high, but the effects of vibration are included. Roll
magnitudesseemhigh in general, and since the transverse acceleration
magnitudesinclude a substantial gravity componentdue to roll angle, the
magnitudeof this channelfollows that of roll. In general the magnitude
of the radar signal appearsproportionally about as muchhigher than the
visually observedwaveand swell height as the Tuckermeter signal appears
lower. It shouldbe wnphasizedthat neither radar or Tuckersignals have
beencorrected for anything. The radar channel in part
be significantly affected by roll.

The resolution of each channelon the basis of &
full scale of the tape recorder is approximatelyas fol”

Radar + 0.5 ft
Roll + 0.25 degree
Pitch & 0.12 degree
Accelerations +0.01 g
TuckerMeter + 0.2 ft

cular appearsto

1%of nominal
Ows:

Thusthe majority of the data in the part lkP~tables appearsto be sub”
stantially abovethe noise level.
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TABLEVi(a)

D,L. Tt’iRTflfi TflR
RIJNTAPEIHIJX IN”rU SFEEII FROP~,., riF’tlLCINGITUilECOL!kSE

079
07?
079
07’ir
07!3
r)7Ll
078
07.9
078
0%
090
090
OYo
075
075
0?0
Otis
0P5
070
070
070
d70
074
075

33.0
32,7
32.7
32.4
2:1.1
21.0
2J,4
21.3
21..1
21,0
21+7
20.8
21.0
21.4
22.,5
24.1
27*2
27.1
27.7
27.7
27,7
27.7
27.7
27*5

13:3,Fl
132.4
i32.4
132+2
U5.7
Ei5.i
Li6.7
06.3
05.3
E!:;*1
frH,7
84.5
B5+3
E17.O
91.2

~-30-73 2400 40-78 N
~_3j_73 0400 40-3B N
2-31-73 oEtoo 40-30 N
2.-31-73 2000 42–49 N
2-3~u73 2400 42-49 N

30,00
30.05
30.1.1
30.:!B
3r).%t3
30.24
30,?0
30.20
30.22
30.01
30.00
2?,89
2V.EII
29.E15
29.E171
29,&3
29,&&
29.53

43/50
44/50
48/4s
45/55
42/<:!
46/46
60/49
47/4!3
47/50
58/52
44/50
52/50
56/50
56/52
55/54
56/56
5:;/’51
53/52

01-01-74
01--OJ-74
01-01-74
i)i-c)i-74
01-01-74
01-01-74
01-01-74
()–02-74
01-02-”74
01-02-74
OL-02-74
01-02-74
OJ-02-Y4
01–03–74
o1-03-74
01-03-74
01-03-74
01-03-74
01-03-74

0400
OE$OO
1200
1400
:600
2000
2400
0400
OR!*O
1200
1400
2000
z.}~~
0400
0!300
12QC)
1boo
2000
2400

42-49 N
4:?-49 N
42-47 N
44--39 N
44-39 ~
44--39 N
44-39 N
44-39 N
44-35’ N
43-00 N
45-00 N
45-00 N
.}~-oo N
45-00 N
4S–00 N
47--10 N
47–10 N
47-19 N
47-10 N

29.45 56/’50
2?*5O 34/50
29,3A 53/5Er
29.33 56/54
2Y.46 s3/
2’7.39 54/5229

SELI[-f)NOMC.LEAN

rdi+vil
HT.
FT*

FITlLEN(irH
F’”l. FT.

CLDY/
ocfisr /
(.lcA!iT/

——



-.!

m

3-., ,.
~!
-,,,



LI{L.TtlR ltiR TMR
RUNTAPEINDX INT’V TIME
NO. ND. No, No. D!3TE (GilT)LATITUDE
3~fp143
31:3143
33? 143
34.1143
34!5143
34? 14335,?143
36,1143
40i i45
405 143
40’?145
413 145
421 14!3
42!5145’
4X9
~3.1;;-;
441 ~~~
450 145
453 145
441 145
465 145
507 147
512 147
513 147

3
4
9

10
11
j?
15
13
17
lEJ
19
20
22
23
24
26
27
2Y
30
32
33
34
37
3B

9
13
34
40
44
40
58
60
1
5
~;
21
25
29
37
4J
!50
53
61
65
7
12
13

01-(N3-74
(JI-OH-74
01-09-74
01-09-74
01-09-74
01-OY-74
01-10-74
01-10-74
01-,10-74
01-10-74
01-IJ.-74
ol-.ll-i’4
01-11--74
01-11-74
01-11-74
01-12-74
01-12-74
o1-,12-74
01-12-74
01-13-74
01-13-74
01-13-74
01-13-74
01-14-74

~500
1710
lpoo
1600
2000
2400
1200
.120(J
2000
2400
0400
0800
16(JO
2000
2400
OEOO
1200
1430
2000
0400
Onoo
2000
2400
0400

;ji+.~? jq
51-3’7N
45-08 N
45-OH N
45-08 N
4S-OQ N
43-29 N
43-29 N
43–29 N
43-29 N
43-29 ti
43-29 N
41-31 N
41-31 N
41-31 N
41-31 N
41-07 H
41-07 N
41-07 N
41-07 N
41-07 N
40-17 N
40-17 N
40-17 N

W!JEIIPROP IIRAF15E,4/OIR
Lr)NG1’TUL’IECOURSE . ~p~ !=T, -r~:fip

02-07 E
op_07 ~
13-30 u
13-30 w
13-30 u
J3-30 w
24-51 M
24-31 w
24-51 !4
24-51 M
24-51 U
24-51 w
29-25 w
29-:?5 U
zy-~> w
29-25 !4
40-08 U
40-08 W
40–08 w
40-OH w
40-OB u
56-29 bJ
56-29 #
56-2? U

%60
260
~3;3
233
2!47
26A
245
245
~~()
250
240
240
270
270
~~()
271
245
245
2.4Y
272
272
274
272
274

~~7.&
L27,6
132*O
13:!.4
i31,0
1;?9,0
44* 9
44*9
35*3
44*3

105*9
4A.T
30.3
65,7
75.’7

115.:L
131,7
122.0
131.H
llY.9
132,1
129m3
115.5
132*Y

29.38
27*3H
2Y.n’7
29.80
2Y.AY
29.40
29*42
29,.42
29*H4
2Y;.53
3$,90
29,46
29,70
79,H8
2Y.IIY
29..5.3
29.&4
29,64
29.71
2%’.40
27*.54
30.14
30,30
30.42

TABLEVI I (b)

SE& LANDMCLEAN ! 1973-1974 WINTEli’SEASON1 VOYAGE32 UF:ST

- 11.L. f.ilELWINO.., liEL
RUN SEA I{IK/SF’EEIl WAUE
NO. ST4TE /(liT) IIJR

309
313
337
341
J.lz
34Y
359
2.61
401
405
409
413
421
425
42?
437
‘)41
450
453
441
4.ss
507
512
313

JO
10
9
7
n
7
?
9
Y
7

12
11
11
10
10
9

10
9
9
7

10
Y
9
4

~5v

35P
8P

30F’
64P
41P
2s
2s

205
Zf.

37P
15P
45s
45!5
o

YIF’
(2S
2s

44P
47P
43!3
4i.s
43s
41s

WAVE
HT.
Fl”,

10
.iO
15
15
10
15
30
30
25
23
35
35
30
20
20
15
25
2!5’
15
15
25
15
10
4

.;-SWELL-}
tlT LENGTH
FT. FT. VISIJALWEATHER/TtIR LoG-BorIhCOMNENTS

B 250 CICAST/
io 400 ocfis’r A
10 S00 CLIIY /
IQ 500 CLIJ”f/
10 300 cl.rJY/
io 5;00 oc~sr /
i 5 500 CLOYRAIN S(JIJALLS/
13 S00 CLUYRfiIN SLIURLLS/
20 500 OEI+STriAIN /
20 500 UC.4ST/
20 500 UCA5T,/
20 500 ~CASTliAIN /
25 4oiJ PT CLDY/
25 400 oL{l!iT /
~:, ‘5(1o OLfiSTHAIN SOUfi!-LS/
:?0 4oiJ Cicfis’1”/
2G 4tio oc~s.r /
20 400 Ocfls’r ,/
20 400 OCAST/IN A(J”r(lOF’ERATlnN
12 300 OCtjST./
20 500 ucfvr /HEAuy RAIN SCW+LLS
20 400 r)chs’r /NEfWY HAIL..
20 400 RAINSfWJW/
El 300 0CA5T /



SEA LANL!MCLEAN : 1973-1974 IIIINIER SEIJSON: VOYAGE32 klE!3T

X<----------TFI!3 RESUL.TS---------------jH----ll,L. I!IGITIZATION----SkC(lL,lJMNlJMNRATIrJ!ii--S
# NC!., No. Nox

lt.L. X WAVE 1ST P-TO-T
RUN*INDUCED Mi3[IE STRESS

Fifl$i FltiXiST*RANGEOF 2.13.5X
(SAMFLE
Rtls)
KF’SI
(7)

2.11
4*1Y
3.28
3*53
4*7O
7*4V
10.46
9.54
7*FJB
,4,57
4*Y6
7.10
7.i&
6..50
6.42
5*49
3*Y3
6,07
4*O8
Z*25
4.09
4.4B
4,39
3.74

KEL.W
MEAN*

STRESS*
KF’SI*

(B) *
*

-0,19*
-0.10*
-0.s!3*
-0.33*
-O*24$
1.52*
-0.18*
-0,00*
-().23*
-0.s5#
-1.71*
-0.48#
-0.1;3*
-0,27*
-0.9A*
-1.37*
-1.00*
-0.10*
-O*62*
O*57*
-O*44*
-0.3.4*
O*34*
-0.10*

(7)
/
(4>

(A)
/

(3+5)

{6)
/
(3)

Y-lU-l
STRESS
KF’SI
(4)

1.74
3,9’7
2+Y9
3.43
4.22
7,25
10.04
9,46
7.&o
4*74
4.70
7,25
7.54
6*77
6.3-4
5.35
3*3O
5,37
3,40
5*O3
3.55
3*.57
4*IO
2,92

IIUI.lL W likLllt<UkU
STRESS*ExrREi4Es
KF’SI X KPS1

(5) * (6)
#

1.29* 6.56
7*58* IO*98
2.6h* 9.45
4..97* 13.e3
3siY* 12,79
4,16* 1Y,02
2.33* 23.11
2,75* 21.83
3.28# 21,07
2,3.1* 19.51
3.HA* l&.eo
3.70* 21*iG
3*.61* 17*84
4.75* 21*44
4s4:!* 17.49
8.98* 22.11
3.25k 11.39
4.07* 15.90
3.43* 14,46
5*3Fi* 17.84
3*O5* il.i2
3*2O# 12.44
5,35* 14.40
1.84* 10.40

Ncl. * CYCLESBURSTS
* (1) (2)

K1-’bl
(3)

3.53
11.02
.5.73
8*33
9.83
14,51
17.32
19.98
19?3.5
15.97
13.71
19,15
17*53
16.43
14,37
15.35
A.A3
11.34
7..54
12.17
.7*6B
10.09
8.34
6*1O

9
62
34
60
~~
65
49
50
9
6
37
27
-i.8
29
47
43
23
29
23
31
11
li
23
6

1.20
1.05
1.10
1.03
1.11
1*03
i.04
1,01
1.04
O*97
1.()!;
Q.9B
0.93
0.97
1.01
i.o&
1.i9
1.13
1.20
L*O4
1,15
1,22
1*O7
1,20

J*3b
0,59
1*O1
imo4
0.98
I*O2
l.iB
0.96
0.93
1.07
0.96
O*Y3
0,kJ4
I*OI
0.93
O.$’i
1.17
1,03
1.31
I*O2
I*O4
O*94
i*05
1.31

337* 186
341* 179
345* 199
349* 142
359* IOY
3.41* .t13
401* 113
405* 117
409* 15%
413* 135
421* 132
425* 140
4:!9* izo
4.37* 173
441* 197
+bo* 183
453* 208
461* 179
465* 199
507* 210
512* IY13
513* 230

TABLEVll(d)

SEALANIIMCLEAN: 1973-1774WINTERS.E6SC)N: VOYAGE32lJEsT

<---RMJ9R---x---FWILL----><---FITCH---j.<--v~~~hccEL-:j<--LATACCEL--:,<--TUCKE=-->
O.L. 4*O FWCORIHI4.0 RECORM~ 4.0 RECFJFIJIEI!4,0 RECIJRHEII4.0 K’EcrJF’rlEr.l4.0 REcoRnEo
RUN (Rtis) EXTREMES(Rms) ExTREfiF:s(FiMS) EXTREMES(RM5) EXTREMES(RtIs) EXIriF:tiES(RI-IS) EXTREMES
NO, FT FT FT IlE13 nEG I(EG DEG KIEG DEG (G) (G) (G) (Ii) (G) (G) F1 FT FT

309 15.
313 28*
337 34.
34i 33.
345 37*
349 54.
359 4,8,
361 58,
401 60.
405 31,
409 51.
413 62.
421 53*
425 59*
429 61,
437 54.
441 30,
4!30 47*
453 34,
461 43,
4!!15 32*
507 33.
512 32*
513 25*

13.-13,
2a. -39*
28.-23●
32.-41*
29.-34.
41.-38,
59,-40,
45*-50*
6?. -50.
50.-35.
56.-413,
45,-33,
41.-51.
54*-54.
47.-5’7.
51.-54.
32,-4B,
35.-52.
32+-42+
35,-42.
25,-28,
24.-42.
27.-28.
23.-19~

5.0 7* -2, 0.6 0.2-1.2
3,2 4. -4. 1.3 0,s-1,7
7*3 .5*-7, 1.7 O,Y-1.8
4.8 4. -3● 1.8 1.2-2.1
4.9 El.-2, 2*1 1.2-2.1
5.Y 7, -5* 2.722*O-i.9
23,719,-21. i.? 2.0-1,6
15.912.-12. 2.0 2.0-1.13
23*315,-19* 1,7 ~.9-I*5
18.718.-17, 1*7 1,6-1.6
14,115,-15. 2.4 2.3–2.1
17*O13*-15. 2.0 2.1–1*B
7.4 5. -7● 1.9 1.9-I,B
B*4 6. -7* 2.? 2.2-1,9
8.5 6. -7● 2..52;3-2.2
7.6 7. -9*,2.6 2.4-2.3
7,8 h, -9. 2.0 i.1-201
13.k+b+ -7, ,2.41.5-2.2
b,b 7. -4* .L.81,3-2.G
5,2 4* -4● 2.3 1.7-241
5.8 3. -7● 1,8 I*1-2.2
!3.55* -e, 1,6 0.9‘2,0
6,3 3. -9* 1.9 O*9-2.1
5.1 >’”.-A● I*1 O*5-1.4

0.160,2-0.1
O*2YO*2-0,2
O*3YO*3-O*3
0.410.s-O*4
0.46O*4-0.3,.
0.490.4-0.4
9.44O*3-O*4
O*430,3-O*4
O*3O0.3-O*4
0.400.3-0.3
0.550.4-O*6
O*480.4-O*5
0.430.3-0.4
0.520.4-0,5
0.400,5-O*5
0,600,6-0.5
0.44O*4-0.3
0.510.!4-0.4
0*3FJ0>4-O*3
O*4Y0.4-O*4
0.39O*4~o.3
0.34O*3-0.3
0,420,4-0,3
0.250,2-0.2

0+15O*2-0,1
0.110,2-0.1
0.210.2-0.2
O,J.50.1-0.1
O+lL 0+1-O*2
0?190+2–0,2
0.640.6.-0.!5
0.43b.3 -0.3
O*420.!3-0.4
0,500,5-0.5
0.390.4-0.5
0.470.4-(),4
0.21O*2-0,2
0.230.3-0,2
0,250.2-0.2
0.220.3-0.2
0.220.2-().2
O*22O*2-0.2
o.iB0,2-,0.2
O*15O*2-O*1
0,15O*I-O*I
0.210.2-0.2
0.170.1-O*2
O*I40,1-O*I

2* 2*
3* 3*

-2*
-3*
-.4.1.-.,.
-5.

7. 5.
($. 5.
5. 4.

5*~;: ii.
13. 10.
Y.3, 9,
13, 9*
12. ii.

-4*
-11.
..l~,
-10,
-10.
-ii,

II* El,
B. 4*

-8 ●

-6,
10, 11,
9. 7.
El. A.
7* 5,
6. 4.
5* 4.
5, 3*
4* 3*
4* 3*
4. 3.
3. 2.

-9,
-7.
-B*
-6.
-5.
-4●

-3,
-4.
-3●

-4.
-3.
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D*L, TllFi TNR TMR
RuN TAPEINIIX INTV TIME
NW* mu,

601 149
605 149
A09 149
613 149
421 149
h25 149
629 149
633 149
637 149
641 149
645 149
649 149
653 1+9
&F17149
702 151
705 151
709 151
713 1!51
717 151
721 ~~1
72s 151
729 151
733 151
737 151

Nu,

1
2
3
4
A
7
a
9
10
11
12
13
14
15
17
19
19
20
21
~~
23
24
25
2&

NU.

9
13
21
25
29
33
37
41
45
49
53
57
2
5
9
13
17
21
25
29
33
37

01-17-74
o1-.17-74
01-17-74
01-18-74
ol-i8-74
01-18-74
ol-iB-74
01-IB-74
01-19-74
01-19-74
01-19-74
01–19-74
01-19-74
01-19-74
01-19-74
01-1!7-74
01-20-74
oi-zo-74
01-20-74
01-20-74
0:1-20-74
0~-20-74
01-21-74
01-21-74

1.40040-20N
2000 40-20N
~~o~ 40-20N
0400 40-20N
1200 40-20N
1600 42-17N
2000 42-17N
2400 42-17N
0400 42–17N
OE$OO4>-17N
1100 42-17N
1310 44-30N
1530 44-3oN~“74Q44-30N
2000 44-30N
2400 44-30N
0400 44-30N
0000 44-30N
1200 4A-37N
1600 44-57N
2000 46-57N
2400 46–57N
0400 4A-57ti
OFIOO46-57N

LONGITUDECOURSE

70-19w
70-19u
70-19k!
70-19U
70-19Id
5s-25u
55--23w
55-25U
55-25W
~~-~qw
55-25~
39–55w
39-55u
39-55Id
39-35u
39-55U
39–55u
39-55u
23-30u
23-30W
23-30Id
23-30M
23-30u
23-30U

090
079
079
077
07EI
07H
07s
078
077Oyy
077
077
07B
07R
070
07s
078
070
079
079
077
077
077
077

SFEEII FRor
KT. ri’F’il

32,2 130,4
32.3 131.0
32.1 130.0
29*7 12C)..4
32*5 J.31.9
32.4 1:{1.3
32.3 izi.o
32*4 ~3J.3
32+5 131,6
32.5 131,9
3~*2 130.7
32.2 130,7
32*4 13.1*5
3:!.4131,5
32*5 131,7
32.4 131?4
32.5 13J,4
32,6 132.1
32,4 131,3
32,7 132*6
32.7 ~3:>.5
32.0 12Y*6
32,3 131.1
32.9 133.4

IIR#IFT
FT.

30.04
30,01
30*05
30,01
29.9A
29.93
2?*8O
29.UEl
29.80
29.75
29.63
29,43
2{?.A7
29.h7
24?.nl
:!9+83
29.88
30.00
30,00
30.00
30.07
29.89
%9,95
30.10

11.L, <REL WINIIS REL
RUN SEA IJIR/SF’’EEI!kJAUE
NO. STATE /{KT) 11.IR

k.ol
60S
609
613621
623
629
633
A37
b41
645
b4?
653
!s37
?02
705
709
713
717
721
723
72?
733
737

6 45F’/25
7 79F’/3o
8 79F’/35
B 79k”/38
7 78P/30
8 looF’/35
8 145i=/35
B ~;~~p/~~
9 .i2?F/”35
B 122F’/35
9 i67F’/4o
9 k67F/40
10 i45F’/45
10 145P/45
7 143F’/35
6 145F’/25
4 123F’/:?5
5 16BP/25
5 i’sYP/20
4 124F’/2O
4 167P/20
4 77F/20
6 35s/20
5 58S/15

90P
79P
79P
79P
7BF
78P
145P
123P
l~~p
122P
144P
144P
143P
i4LP
145P
145Pl~~p
1.5aF’
149F’
124P
167F’
77P
35s
5@.s

H-(.
F’r.

4

1:
10
12
20
.20
20
20
20
20
20
25
20
J2
a
El,
4
4
4
4
4
6
A

REL
SWF.LL
lIIR

90F’
79F
79F’
79P
70F’
78P
J2ZF
123F
122P
122P
144F
144F
145F
43P
iflw
145P
145F
i68P
1(IYV
1695
167F’
77P
35s
58S

sEA/f41ft
TEHF

4e/35
47/3.5
413/24
65/:!0
.50/2~
54/34
48/34
34/33
48/33
40/34
54/45
54/4s
55/47
55/47
&5/4#
55/43
53/49
33/s1
53/5B
52/32
52/52
52/50
53/54
!52/54

<-SWIIl.,L-i
HT LENGTH
FT. Fr* VISUAL WEATHER/TflR LOG--MOONCOHHENYS

10 400 F’T ELDY/
10 400 OCAS”t/SHIF RIoING EASILY
12 400 OCAST/
12 400 nCAST/
12 400 llLrJY/
12 400 cLn’f/
12 500 CL1.IY/SHlt’F’ING WATEROVEREIOW
12 500 CLD”f/
~~ 500 crcAsT /
15 500 C1.IIY /
15 5G0 ocf+sr /
15 500 OCfiST /sfiw 33 DEGROLL
15 600 F’T CLIIY /MANiJALOFERATION
15 600 F’T CLrIY/
12 600 Fr LUY /EIACKIN AUTCI13PERArION
10 400 F’T CI-IIY /
Jo 400 LLIIY /
10 400 F’”rLL,DY/
El 300 pr CLDY/
!3 3U0 F-r CLUY/
4 300 F’TC~DY/
4 300 0Ct)!3T/“
4 300 0C9ST/
4 300 CLIIY /
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* NII. No. FIAX
11.L. X WAVE ls.r P-TLI-T
RUNXINUUCETJMOUE STRESS
NO. # CYCLESBURSTS NFSI

(3)

2.29
3,’75
&.73
7.83
9,.59
Ao.os
10+33
12,98
13.83
9.49
14.47
11.43
17,5.5
13.01
9,02
1?.29
9.23
13.68
12,44
9,E12
IO*B5
&*bs
4,58
4.7s

F’-TD-T
STFiESS
KF’SI

(4}

1.01
2.00
3.40
3.41
4.50
4,92
4*77
5.i4
6.78
4,2H
5.99
El,flo
6.179
7.0.5
3*B4
.4.*O2
4.3e
5.87
~,~v.)
4.11
3.62
2.27
1.92
2.21

liPsI * KF’S.[ KF’51 KF’SJ*
(5)* (6) (7) (u)*

# *
1*19* 3.3”4 i.40 -0.00*
1.52* A.OY ~m~~ Oil *

,38 1*Q2 1,53
.J1 1.16 1.63

2.,s1*
~.~~*
1.57*
.i.4)*
1.3A*
1,55m
1*I2*
O*Y7*
1.15*
1.44*
1.47*
1.41*
0,00*
0.79*
0.85*
0,05*
0.0?;*
0.79*
().Y7*
1+01*
0.67*
0400*

7.iQ
10.41
12.09
11.7’5
1:!,22
14.91
1.5,92
14,64
17.84
17.04
i5,90
1.5.33
15.li
i4.17
15.OY
13.66
i3.34
11.57
B.:!3
B.31
6,72
5+32

3,3!3 O,iu * 0.9Y 0.84 i.17
4726 0.04* ~,~~;1.U3 L.33
5.’/5-().34* i.2(J1+14 L*33
5,95 -0.56* 1.21 i,o~ L*L7
Ei.hB-0,16* l+t;’1.05 I.1.kl
/l,Y1 -G.24 X 1.34 1.03 1.16
7.B1 -0.0:<* .LS151,13 1,22
.4.52 0.0:1* 1.52 1.37 i.51
8.04 0.1:3* J*34 1,14 1.23
7.27 O*O2* 1,25 1,33 1.49
H*O2 -0.:!7* 1*I6 0.84 0.91
7*AU‘ 0.10* i.0<11.13 1.2.3
tl*2i=l-0,21* 1..54i,&7 1.67
6.52 O*O1* 1.Olii1,ot31.15
6,57 0.37* 1,50 1.49 1.63
7,0.4 0,15* 1.20 0.74 1*OO
6,11 1.13* I*41 I.(JOI*O7
Z*74 O*7I* 1.40 1.09 1.18
3*?4 O*24* 1“09 O*7O 0.76
3.78 0.50* 1.67 1●O9 1*25
3.2Y 0.313* 1.72 1.23 1.47
2,62 0,72~ 1,19 1.16 l*i&

D*L* 4*O
RUN(RMS)
NO, FT

&o.1 11*
405 18.
&o,?27.
A13 29.
621 3&.
&p~ 36.
&~9 34.
633 39,
.43744*
.54142.
445 S2.
.54948+
653 56*~57 53.
702 50.
705 49*
7oy 49.
713 50,
717 43,
721 44●

723 23*
727 22,
733 20,
737 15.

RECORDED
EXTK’EflES
FT FT

9* -Y *
14. -21.
2.4● -22,
27. -2EI.
33, -2r3●

29, -3A.
29 * -23.
39* -29*
4.4. -33.
44. -34.
4Y. -32.
42* -40,
45. -41.
4Y. -42.
53. -42},
34. -46*
4.3. -3A*
50. -33,
34. -;$9.
38. -29+
17* -IV*
17, -J6,
22* –15.
14* -14.

4.0 RECOR1iETJ
(RMs) ExTREMES
DEE DEG j3EFi

3,1 6, 0.
11.9 10. -3 ●

IFJ.5 19. -9.
19.820.-11.
27.925.-12.
24.922.-15,
24,723.-12,
29,423.-1A,
29.022.-15.
21,216.-1,3.
28.222.-15.
25.921*-14.
32.222.-20.
31.523.-17,
23.116.-17,
21,613.-14.
23*:115,-Y.9.
21*.L12,-19,
1.3.712.-1.4.
21.414.-15,
13,21!5.-4.
9.7 9,-II*
10.4 8. -Y●

Y*A 9, -7 +

0.5
O*9
0.7
1.3
i.i
1.0
O*e
1.0
1.1
1.0
1.0
I*O
1,0
1.0
1.1
1.1
0,9
o.El
O.a
0.7
O*7
0.6
0,7
0.6

F(ECORIUED
EXIREMES
IIEG DE(3

-0.0 -1.0
O*4 -1.3
O*2-1,1
1.1-1.7
0.8-1.4
0.3-I*3
O*4-1*I
0.7-1.0
0,7-1,1
O*6-I*3
O*5-1.2
0,4-1,2
(),s-1.2
0,3-1*2
0,3-1,3
0..4-1..4
0.3-I*3
O*2–1.1
0.3-1.0
0.2-1.0
0.3-0.9
0,2-.1.0
0.1-1*O
0.1-0.9

4.0 kEcolloE1’1
(RllS) EXTF(EHES
(G) (G) (G)

0.09O*I-O*I
0.20O*2-0.2
O..taO*I-0.1
0.320,;3-0.3
0.270.2-0.2
0,21O*2-O*2
0.150.2-O*1
O.lil0.2-0.1
0.160,1-0.1
o.~~0,2-(.).2
0.200.2-0.2
0.210.?-0.2
0.180,1-0.2
0.17O*2-O*I
0.240,2‘0.2
0,220.2-0.2
0.16O*2-O*2
0.14O*I-O*1
o#J30,1–0.1
0.090.1-0.1
O*C90.1-0.1
o.oElO*I-0.1
O*O70.1-0.1
0,04O*1-000

4.0 i7ECORllElJ4.0 . -.,.--.-,
(RFP3)ExTREtiES(Rtis)
(G) (G) (G)

O*O9 0.1 -0,1
O.ifl 0.2-G.2
O*440.3-O.-l
0.430.4-0.3
0,.53O*4-0,5
O*550,5-0,4
0.550.4-0,4
O*6BO*5-0.3
O*630,4-0.5
0.440.3-0.3
O.AI084-0.4
O.AO0.4-0.5
o.&i30.5-O*5
O*71O*5-0.s
O*4Q0.4-0.4
0.450.3-0.3
O*440.4-O*4
0,440,4-0.3
o*4iO*3-0.3
0.430,3-0.3
0.2s0,2-0s2
0.21O*2-O*2
0.210.2-0.2
O*2OO*I-O*2

FT

‘7-.
3.
4.
6*
9*
8,
8.
9.
9.
7*
7.

10.
11,
11,
IB.
18,
20.
19.
19*
23.
~::
~~,
‘7*

KELLJK1lLLI
EXTREMES
FT FT

~, -~ .
3. -3.
4* -3.
!3. -6*
9. -7*
8* -b+
9. -6.
8* -7 ●

Yo. -7.
6. -6,
7. -5.
Y. -0.
9, -B.

10. -7,
~.o. -10.
10* -9*
10. -10,
11. -10.
10* -10,
11, -~~.
.5. -4●

jo,-10.
.10.-8.
4, -7.
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II,L, TllR THR TFJR
RIJNTAFE INt,X INTV TIME
NO. NO, Ntl. N(I● DATE (GMT) LATITi.lrFE

a15 153
Ei7 1s3
#22 1s3
82.5 153
B2Y 153
833 153
B37 153
B41 .iEi3
845 153
649 153
5!53 153
G61 j 53
901 155
705 155
909 .i55
’713 15~
517 155
921 155
525 155
929 155
937 15,5
941 155
V45 1,53
949 155

4
5
6
7
El
9

10
ii
12
13
14
16
J7
18
19
20
21
2:!
:!3
24
26
27

29

15
i7
~~
25
29
33
37
41
45
49
53
61

.I
5
9

13
17
21
25
29
37
41
45
49

01–24-74
01-24-74
CIA-24-74
01-24-74
01-24-74
01-24-74
Oi-25-74
01-25-74
01-25-74
01-25-74
01-25-74
01-2!5-74
01-25-74
01-2.5-74
01-26-74
01-26-74
01-24-74
01–26-74
01-26-74
01-27-74
01-27-74
01-27-74
01-27-74
01-27-74

0400
ot300
~~oo
1600
2000
2400
0400
0[)00
1200
1410
lA2(i
2040
2400
0100
OHOO
1200
.1400
2000
2400
(?400
1200
1600
2000
2400

h7-33 ‘N
47-33 N
47-33 N
47-3:3 N
47-33 N
47-33 N
4~-5J N
42–5L N
4~-5j N
42-51 N
42-51 N
42-51 N
42-Eil N
41-50 N
41-50 N
41-30 N
41-Elo N
41-50 N
40-45 N
40-45 N
40-45 N
40-45 N

LCINGITIJUECOURSE

il-s.s Id
.II-5A u
11-56!4
Li-kwu
11-5&u
11-54!JJ
2a-27bJ
2B-27W
2EJ-27u
28-27u
20-27U
2?8-27w
2fl-27M
45-23W
45-25U
45-25w
4!5-25U
45-25W
62-42w
62-42w
.52-42W

24!3
245
247
24H
24A
24A
244
24k
265
266
266
266
2.5A
266
2.56
2&&
2&&
2A7
267
267
266

“263
264

62-42 W 268

SPEED
KT.

32.3
32.3
32.2
33*3
32,4
31+9
32,1
32.1
31*I3
31*B
31,8
32.0
3.1.2
31*B
32.6
32.4
32*3
33,1
32.4
32.4
32,2
310B
32*J
32,3

131,0
131*o
J.30.#
135.1
131.4
129.4
130,3
130,0
129.0
I,2R,9
128,9
12Y.B
126.7
~:~9*o
132.0
131,2
1:30.9
134,7
13.1,2
131,4
130.4
128,9
130.0
131.1

nR4Fr sE’A/AIR
FT. TEMF’

30.10 50/47
30.19 51/49
30.20 52/50
30.10 53/52
30,15 5LJ/:.io
30,02 zf3/:;()
29. % 53/.50
2$ .138 54/5i”
29.81 S6,’53
29.80 57/52
2Y. WO 57/52
30.02 .45/49
30,03 57/48
30.00 56/51
30.05 41/49
30.03 50/50
30,11 44/3T
30.37 58/36
30,4:5 .s3/44
30*3U 58/52
30.00 59/58
29*77 65/45
29.91 43/Ao
29.88 43/60

rl.1.. <REL WINn;. REL
RIJN SEA IIIR/5FEEIl IJAUE
NO+STATE /(ii””l) nIri

a>.5
017
822
825
B29
833
E137
041
e45
849~:;3
861
901
905
Y09
913
71,7
9:!1
925
929
9:37
941
y45
949

4
4
4
5
4
6
b
7
8
Y
9
v
5
4
3
3
4
4
4
3
0
9
H
6

2s/14
25s/16
23s/20
~~p/po
ioF/20
10F’/25
is/25

21F’/3o
5s/35
4s/45

49s/45
2A!3/45
4YS/20

4s/15
26s/10
49s/10
4Ys/15
40s/15
4[1S/1!5
413s/i5
41F’/35
4oP/40
41F’/35
43F’/2ti

2%
23s
12F
10F
24S

1s
21P
5s
4s

4!7s
24.s

4s
4s

24s
4s

4YS
4as
40s
48s
41P
4OP
41F’
43F’

WAVE
MT,
FT.

~
1
1
2
2
3
5
5
8
El

12
i%
5
5
i
1
2
2
2
1
4
8
3
5

K’EL
SLIELL
IIIR

2s
25s
23s
22s
10F’
24s
1s
21P
5s
4!?!
4s
26s
4s
4s
26s
4s
4Y5
4E5
48s
48s
41F
40P
41F
43P

<-sWEL,L-:A
HT LENGTH
FT. FT. V.TSIJALWEATHER/T’flh LOG-BOOKCOMMENTS

5 300 OCAS”T/F’I”rCHINGMfJIIERfiTELY
5 300 SCATCLCII,IUS/GETTING GOODUERTBEND
4 250 SCATCLOUDS/
4 250 FT CLDY/FITCH1’NGEfiS.ILY
4 250 PT CLI!Y/
4 2:;0
6 150
.4 150
6 150
10 250
10 250
12 300
10 300
El 250
B 250
0 250
8 250
6 300
& 300
A 300
Q 400
0 400
5 400
5 400

PT CLOY/
OCAST/PITCt31Ni3tlllIIERA”rELY
Oc{as-r/
F’1 CL.OY/
FATCLOY/MflNUALOPERATIONHIGH UINtIS
F’T CLHY/hlOriEVERTBENI{INGACTION
F“rCLIIY/SHIFF’ING WATERJJVEFiOECKS
F’T CLIIY /WINIJ DOWNTO 30 i’iPH
OCAST/
CJCAS.1/
oChE.T/
F“TCLI(Y /
CLUY/
CLEAR/
CLEf!R/
RAIN 6CJUALLS/
CICfiST/-
CLIJY/
CLI!’f /
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33
40
17
7

10
38
53
&6
!30
!51
62
i34
64
25
4
i

16
0
0
0
i

38
1A
37

(3)

11*24
0,57
6*Y.4
5.97
4*54
4.7’7
.5.50
9.50
8.30
7.42
9.9A

17,35
9,6.5
S*45
4.21
3,49
3.2S
1.Y9
.l. Y?
ii45
0.90
4.37
2.84
4*73

RHS MtIX l~rx RANtiE(IF
p-TcI- r MODEk RECORDED
STRESS STRESS*EXTREMES
KFSI KFSI * KFSI

(4) (5) * (A.)
*

4.73 3*72 * Ixsov
4.04 2.54 * II*O4
3,:25 2*43 * 7.31
2.74 .i.zfl * 7,53
2,00 l.i~ * S,8~
%,23 2,17 * $4.86
3,16 3*lsEl* 9.53
3.!34 5.04 * 15.31
3.4.L 2,57 # 10.34
3.>~ 2*73 * 13*B5
3*BA 4,49 * 13*9Y
6+0( i2.3s * 25.02
4,31 4*57 * 13,26
2.52 I*48 * 8,04
1.713 1,16 * 5.84
1.70 b*73 * 5.36
1.29 I*22 * 4.44
0.% 0.00 * 2’.01
0.9J 0,00 * 2*f37
0,74 0.00 * 2*42
0.43 .I.22 * 1,07
1.59 1,47 * 6,43
1*17 i.~~* 4*54
2.19 1.E15* 6,6A

2*H3X
(SAMPLE

Fills)
uF’EiI

(7}

liLL W
MEht4W

STRESS*
~f!s~ *

(R) *
k

-0.37 *
-1,05 *
-1.04 *
-1,27 *
-i*so *
-1.40 *
-i*35 *
-1.29 *
0.4.0 *
O*84 *
O*Y2 *
1,,18 X
O*73 *
O.si *
O,+& k
(),.55 *
0.49 *
o.5.1 *
0,44 *
0,27 *

-i*13 *
-0.73 *
-0.38 *
-0,00 *

TABLElX(d)

(7)
/

(4}

cl.k17
0,99
(),78
i .04
i.03
0,96
O*Y4
i*05
0,95
.l*3&
0.97
o.EJd
0.93
1,1A
i.clY
i.27
0.99
1.!51
1.44
1.66
0.88
1.10
1,12
.t. ol

<--- RAIIAR---><---ROLL----~<--- FITCH ---i[-- UER”rACCEI.--LOTLOTACCEI.--<.<--- TIJCl\ER--~
I!,L,. 4,0 RECi2RIIEU4,0 RECOROED4*Q HECOKIIEII 4.o RECORDEI’I~.O RE~~~rI~~ 4+o RF:CoRrfE1l
RUN (EMS) EXTREMES(FiM5) EXTREtiES{HtiS) EXTREHES(RtlS) EX”rREllE.S(RilS) EXrREtiE5(i3tlS) E.XTREliES
Nn. FT FT FT IIE[; I,E13 lIEG OEG IIEG CIEG (G) (G) (G) (G) (G) (G)

Uls 46. 37*
617 34, 30.
~zp ~y, 25,
e25 26. 24,
R2Y :~:~. 24.
833 22, 21.
837 29, 23.
e41 36. 30.
E145 27* 30,
849 ;!7. 2B.
853 33. 28.
8.41 Ao, 44,
901 3s. 2Y.
Y05 24, 20.
907 Iv. 15.
913 23, 18.
917 20 ● 17,
921 12, 10,
Y2.5 13* 11,
%’29 10, 8.
937 7,
941 17. 6’13.
945 13, j~.
949 19* 14.

-44.
-32.
-24.
-20.
-19*
-23*
-~~ ●

-’)3 .
-32 *
-40,
-45*
-51.
-47.
-lY,
-18.
-20,
-17*
-11.
-11’
-9.
-7.

-14.
-12.
-15.

6*8 4.
4,5 3.
4.& 2.
4,8 2,
5.3 3*
4.3 3,
3.7 3,
4.0 3,
2.9 3,
2,9 3.
3*7 2*
5+4 3.
4.7 2.
4.4 2.
5*3 1,

10,1 5.
9*I 3.
5*5 4,
3.9 2*
4*3 3*
3.3 5.
4*3 9.
4.9 7,
!5.;J B.

-!5.
-5.
-6.
-5.
-4 ●

-3 *
-5.
-2 .
-3.
-4.
-9*
-6,
-& .
-7.

-12.
-12.
-6.
-7.
-4.

1.
2.

-2,
-4.

~,~ 1,7-2.1
i,a 0.9-,1.9
1.5 1.0-1.9
1.3 O.A-1.9
I*O 0.5-i.a
1.1 O*4-1.6
i.5 0.6-1.9
1.5 0,!3-2.1
1.4 0,0-1.7
1+3 0.7-A*B
1.6 1.2-2.1
2,4 2,5-2.i
1.4 1*O-1.7
1.2 O*4-1.9
0.8 0.2-1.4
0.9 0.4-1.3
O*6-0,0-1..2
O*.4-0.1-1*O
O.fi-0..1-1.1
0.7 0,1-1..1
0,6-O*2-1.0
0,8 0.2-1.1
0.7 O.t-i.o
1.3 0,8-1.4

33

0,490.4–0.4
0.40O*3-0.3
0.340.3-0,3
0,300.2-,0.3
0.240.2-0.2
0.230.?-0.2
0,340.3-0+3
00340.4-0.3
0.300.3-0.3
0.2A0,3-0.3
0.3S0,4-0.3
0.59o.&-O*5
O*4O0.3-0.3
0.270.2-O*2
0,19 0.2 -O*2
0.19 0.2 -0,2
O*I3 0.1 -0.1
O,ob 0,1 -0.1
oFo& 0.1 -0.1
O,Og 0.1 -Q,i
O*O4 O*O -O*O
O*I4 0,1 -0.1
0.11 oil -0.1
O*2B O*3 -O*2

0.17 0,1 -0.1
0,13 0,:1 -0.1
0.12? 0,1 -0.1
0.12 oil –0.i
o,i4 0.1 -0.1
0.12 0,1 -0,1
0.11 0.1 -0.1
O*I2 0,1 -O*1
0,09 0.1, -0.1
O*O9 O.i -O*I
0,11 0.1 -0.1
0,1!s 0,2 -Q*2
0.14 0,1 -0.1
~.i~ ~.j -().1
o.13 0.1 -0.1
O*23 O*2 -0.2
O*2O 0,2 -0.2
0,1,3 O.J. -O*I
0.13 0.1 -0.1
0.10 0,1 -0.1
O.ori 0.1 -0.1
0.11 rJ.i -O*I
0.12 0.1 -0.1
0.15 O*2 -0.1

FT

9,
6,
F.;,~-*
5.
4*
4,
5.
3*
4.
4*
7.
5.
4*
4*
4,
4.
~.
2.
i,
1,
2,
2*
3.

W FT

7* -7,
5, –5,
4. -4,
4. _~.
3. -3.
3, -3.
3* -3,
4* -4.
3. -3*
3. -3●

4. -3,
6* -“7.
4. -4,
34 -4,
3* -4,
4, -3*
4. -3.
2, -~*
1. -~,
I* -1.
1. -i,
2* -2●

2. -2.
3* -3●

.—_________ . .—



II,L.. TMR Tili’i rm
RIJflTAF’EINUX INTU TItiE

ol-2Y-74
01--30-74
0.L-30-74
OJ-30-74
o~.-3o-74
0(-30-74
01-30-74
01-31-74
01–31–74
01-31-74
01-31-74
01-31-74
01–31-74
02-01-74
02-01-74
0;!-01-74
02-0~-74
02-01-74
~~T~~_74
o~-~~.74
o~+o~-74
02-02-74
02-02-74
o~-~2-74

2400
0400
0800
1200 40-31 N
160G 40-31 N
2000 40–31 N
2400 40-31 N
0400 40-31 N
Onoo 40-31 N
1200 40-fiY N
1600 40-59 N
2000 40-59 N
2400 40–59 N
0400 40-39 N
0800 40-59 N
1200 44-27 N
1400 44-27 N
2000 44--27 N
2400 44-27 N
0400 4,1–27 N
0800 44-27 N
i200 40-10 N
1600 48-10 N
2000 48-10 N

59-02 w
39-02 W
S9-02 u
5Y-02 M
59—02U
5Y–02 w
43-OH w
43-09 w
43-08 w
43-OLI u
43–OB M
43-OH M
27-i$3 M
27-1!4 u
27-18 w
27-1(3 w
27-.II3 U
27-18 w
10-20 u
io-20 w
10-20 w

oa~
()~~
oi37
0?0
090
090
090
090
090
070
073
073
073
o~~
073
07%
072
072
072
071
071
071
Q7J.
07i

J3.L. <REL,WINII> EEL
RUN SEA DIK’/SF’EEItWAVE
NW, STATE /(l{T) IiIt?

2 i72r’/ 5
~ i79P/ s
~ 19F’/ 5
2 0/5
3 11s/ Q
3 11s/ a
4 455/12
4 2~s/12
3 .lls/lo
2 ils/ 5
2 95F/ 5
~ SoP/ 5
4 95P/i2
4 93F’/l5
4 iYf3F’/l5
5 i17r’’/2o
7 131F’/Jo
7 l17F’/:io
7 175s/30
5 161P/20
3 14.lF’/io
.d 44s/’20
5 i54s/20
3 1s4s/10”

172F
17YF’
IYF’
o

11s
11s
45!3
~]:?s
115
lJS
Y3F’
ZOF’
95P
‘?5F’

118P’
.l17r’

117P
175s
161F’
lAIF’
64s

1s4s
154s

Uilvri
HT.
FT●

REL
5MEI..L
Ink’

sEA/’A:Lti
lErlF’

<-5WEL.1.-:>
HT LENGTH
FT. f,r, VISUAL WEATHER/T)lR LCiG--i3OOliEUMMENTS
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SEA LANnHC LEAN ! 1973-.t974 WINTERSEWJ3N:

II*L, TtiR THR rrnR
RLINTAPE INLIX lNTV TIME.,.. .,- .,- N13. llATE (GMT) LATITUOENU. flu ●

1209 161
1217 161
1228 161
1230 1.51
1233 161
1237 161
1241 16i
1243 161
130S i63
1309 163
1317 163
1321 163
l~~q ~~~
13X5 143
1337 163
1341 i43
1345 163

flu ●

3
5
7
B
9

10
11
12
14
15
17
10
20
21
22
23
24

9
17
28
30

41
45
3
9

17
21
29
33
37
41
45

o:j_~~-74
02-04-74
o~-o.4-74
o~-04-74
02--O7-~4
02-07-74
o~_~7-74
02-07-?4
02-07-74
02-otl-74
02-oe-74
02-0!3-74
02-~B-74
02-09-74
02-09-74
02-09-74
02-09-74

SLJMMARYUF’
‘IN’I’KRUA1..SStIL.E;CTE:D

sEfiLANn

LI,L. <REL WINII:> REL
RUN SEA nIR/SFEE1l WAVE
NCI, 5TfiTE /(NT) 11.lR

1209
1217
lz~s
1230
1233
1237
1241
1245
1305
i30Y
1317
1321
1329
1333
1337
134i
1345

4 a3P/15
4 i3Els/25
8 136S/35
3 156F/io
5 looF’/2o
6 iirJF’/2s
3 10.5F/.li)
3 io3P/lo
3 18F’/io
A 49S/25
2 49s/ 5
4 47s/15
6 Y2S/2Ei
5 75S/20
5 159s/20
4 137s/15
4 137s/15

S3F
138s
134s
i%,=
100F
liEIF’
I06F
I03F’
18F
49s
49!5
47s
92s
755

159s
137s
i 37s

0400
12(X)
2000
2400
0400
0600
izoo
1.500
2400
0400
1200
1400
2400
0400
0800
1200
1600

5Ei-27 N
58-27 N
5B-27 N
5R-27 N
5fJ-27 N
54-00 N
54-00 N
54-00 N
$+-00 N
4E1-oYN
4EI-09 N
40-09 N
40-09 N
4B-09 N
4z-32 N
4.2-32N

LONGITUOECOURSE

Oa-s.t w
08-31 u
08-51 w
08-51 Id
013-51w
30-00Id
30-00 w
30-00M
30-00 w
47-IE bJ
47-I.B w
47-1s! w
47-lt3 u
47-L8 u
63-i6 u
h3-16 u

308
267
246
246
246
242
241
22.8
243
243
243
243
245
240
246
245
245

VOYAGE34 WEST

SPEED F“ROF
KT. RF’r4

32*Z 132,0
3.1*9 13(}, ()
30.0 127,0
31.3 1213.0
31.4 127,0
3L.A .12Y.O
31.6 12Y,2
31,7 1.29.3
31.3 i213*o
31.4 12H*5
31,4 128*L
31?8 130.0
31,3 128+0
31,4 12H*5
31.8 130.0
32.1 131,0
32,1 131.0

IIRAFTSEA/AIR
Flu. TEMF’

2H.EIP 43/40
2Y*OY 4.s/42
29,74 47/41
2Y,133 47/45
29*4s 47/?6
29.34 47/4u
2Y.L5 44/50
2Y,04 42/44
28,93 45/42
28,97 S4/44
2Y.22 34/31
29,14 28/27
29,.52 2!3/;!4
29,60 33/24
29.42 34/28
29.52 37/33
29.b2 39/34

flc LE4N : 1973-J974 UJr4TERhEA5Lti4: UOYfM3E34 LIEST

WAVL REL
HT. SWELL
FT. IIIR

i
5 Iiss
5 13.5s
4 13.4s
2 1145:) lies

~ lBF
5 18P
5 27S
o 25s
2 2ss
2 30s
2 24S
2 25s
2 .160s

<-swELL->
tlT LEN13TN
FT● FT.

R 15’0
R 1:;0
6 150
.5 150
.4 150
6 150
6 >i)o
4 ~lJQ
a 130
8 I:JO

Is 200
5 150
5 150
5 150
3 200
2 300

VISUAL lJEATNER/TMR LOG-BOOKCOFiMEN”rS

Fr cLny /
OCAST/tiEAUY ROLL
F’i LLIIY /tiE,4UYROLL
F’”rCLLIY/RIPING EASY
L)cLlsl’/
OCfIST/
OCASTFOGRAIN /
OCAST/
P-r CLOY/
N(~IL 110.TNSnU4LLS/
CL,EFIRFOGSNOWi
DCASTSNOW/IcE FIEL1! ROLLINGHIGH SWELL
OCAST/
13CAST/
OCASTSNOUf
oCASTsNOW/
FT CLnY /
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# NO. NO, MAX
lI,L. ~ WAUE 1ST F-TcI-T
RuN *INOUCED tIuIoi 5TREss
NO. * CYCLESBUkS”rS KFSI

* (1) (2) (3)
*

1209* 177 ‘o 1+32
1217* 142 44 10.1.5
1228* 140 23 11,02
1230$ 145 19 9.21
1233* 125 5 8..5A
1237S 05 34 8.34
1241X 91 5 4.72
1243* 137 0 EI.97
1305* 157 .40 14,77
1309* I%i 57 14.43
1317$ 130 43 9.26
1321* 117 0 8,34
1329* 198 45 8.31
1333* IB1 44 10.46
1337* 197 2 5.41
1341* 192 0 2.B,7
1345* 139 2 1.e4

RMS
P-TO-T
STRESS
h’f’sI

(4)

0.55
4,i=15
5.29
4.81
3*44
3,03
3.01
4.12
5*BO
5*6Q
3.07
3.00
3.47
4.39
2*36
1’.10
O.eb

MAX1ST*RANGEOF
ilOl”IE* RECOROEU
sTrwss*EXTF:EME5
KFSI * KFSI

(5) * (A)
*

0!00 * 1.B3
3.30 * 14,62
1.53 * 13,15
2.34 )k 12.58
J.op * li#&9
1,3:3 k 11,69
1.17 * B.74
1.81 * 12.34
4.03 * i7.51
5.42 * la.31
2,10 X 12.14
0.00 * 8,49
1.77* 9.39
3.&3* 13.32
O*92* 6*.54
0.00* 3.20
0.81* 2.99

2.E13X
(StIFiF’LE

F(MS)
liF’sI
(7)

O*73
5.21
5475
5*49
4.73
5,19
4.1A
4*9El
6.15
5,99
4.70
3*53
3.48
4.54
2.44
1*22
1.22

REL k
MEAN*

STRESS*
K“F’SI*

(8) *
*

3.53*
0.01*
0.20*
1.96*
1,55*
2,05*
0.28*
I*B9*
-0.06*
0,02*
0,04*
-O*O4*
O*1B*
0.21*
0*113*
-0.04*
0.10*

(7) (4) (4)

(i) (3:5) (4)

1.35 1,3!3 1.30
I*O7 I*OY I*44
I*I3 1.21 1,37
1,14 1,09 1*37
1,30 1.21 1,35
1,36 I*2L I*4O
1.313 J.11 1.30
1*2I 1.14 1.38
1.06 0.93 1.19
i.oo 0.91 1.27
1,21 1.07 1.31
1.17 1.02 1,02
1.06 0.93 1.13
1.03 O*95 1.27
1,12 1,05 1,23
1.11 i.lz I*12
1.42 1.13 1.62

TABLEXl(d) ,

<---RAIIAR---><---ROLL----;,<---PITCH---:~<--UERT ACCEL-:>.(--LA1ACCEL--i<-- TIJCKEK’--3
D.L. 4.o REcORKIED4.0 RECORDEn4.o R~CoRtlE~4.0 RECOR’IIEII4.0 RECOK’K!EI14.o REcoRJjEn
KUN (RflS) EXTREMES(F31S) EXTREMES(RMS) EXfREtlES(RMS) EXTREMES(RMS) EXTREMES(RMS) EXTREMES
NO. FT FT FT I.tEG nEG IIE13 I~EG IIEG DEG (G) (G) (G) (G) (G) (G) FT FT FT

1209 9* 7, -9. 2.0 1. –3 ● 0.6 -O*O -O*9 0.09 0.1 -0.1
1217 50. 59. -52 ●

0.04 0.1 -O*O
17,6 7. -IY. I.e 1.2 -2.3 0.42 O*4 -0.4 0.39 0.4 –0.3

1228 56. 44*-52* IEI.O10.-16. 1.9 1,0-“2.10.430,3-0.3 O*390.3-0.3~23(343. 32,-46, .t5m79*-14. 1..4O*9-1,9
1233 36, 30●

0.350.3-0.3 0.34O*Z-0.2
-40, 14.5 e.-15. 1.0 0.4-1.7 0.230.2-0.2

1237 30. 2!5, -23.
O*3O O*:3 -0.2

9.8 10. -El.
1241 25.

0.9 0.3 -I*4 0.19 0.2 -0.2 0,22 0,2 -0.2
22. -19. 8,9 5. -a . o.?

~~45 3~* 0.3 ‘1.4 0,1,8 0,1 -0,2 0.20 0.2 -0,2
2&. -25. 0.3 5. -7. 1.3

1305 44.
0.5 -2.0

33. -44. e.o 5.
0027 0.2 -003 0.113 0.1 -0.1

-7.
1309 43*

2.2 1.7 -2.4 0.50 0.4 -0.4 0.19 0.2 -0.2
40, -43* 10,1 8, -9. 2.1 1.7-2.3 0.470,5-0,4 0,230,2-0.2

1317 40, 33*-47. IA.2 9.-16. I*3 O*A
1321 33,

-1.9 0.300.3-O*3 0“.350.3-0.3
31.-20. 16.5 7.-1A. O*7

1329 25. 26.-25,
0.0-1.3 0,150.1-0.1 O*360.3-O*2

4.0-1. -8, 1.2 0.5-2.1 0,2!80.3-0.2
1333 35.

0,110.1-0.1
31.-47. 4.& 2. –6. I*EI1.2-2.2 0,410.4-0.4

1337 19. 15*-1.5* 3,9 2.
O*120.1–().1

-.5●
1341

I*O 0.4-1.H O*23O*2-0.2 0.09Oml-0.1
11. Iii.-1o, 2.8 -O. -5,

1345 12.
O*7-0.0-1.3 0.120.1–0.1 O*O7O*I-O*I

15.-11* 5.3 1. -B* O*4-0.0-1.1 0.070,1-0.1 0.120.1-0.1

2.
15*
i9.
14+
1s.
9.
B,
9*
9.
9*

14,
13*
!5.
4*
4.
3*
6+.

2. -2.
10, -10.
II* -11?
11. -R .
11. -9,
B. -5 ●

B. -7 ●

7* -6 ●

7. -7.
9. -e *

10* -? *
lL. -7.
4. -3.
4* -4 ●

3. -4 ●

2, -2 ●

5* -4 ●
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n,i.. TMR TIIR
RI)N TAFE INDX
Nil. NU.

1405 165
1409 1.55
1413 165
1417 165
142i 16514~9 14s
1433 IA5
1437 165
1442 165
1445 165
144’71.55
1501 167
1505 167
1513 167
i,517167
152s 167
1529 167
1533 167
1537 147
154i 167
1545 167

SEALANOHk

TMR
.TNTU
NO. lIATE

S 02-12-74
9 02-12–74

13 02-13-74
17 02-13-74
21 o~_~3_74
29 02-13--74
33 02-13-74
37 02-14-74
42 02-14-74
45 02-14-74
4Y 0?-14-74
1 02-14-74
5 02-14-74

13 02-15-74
17 02–15-74
25 02-15-74
29 02-14-74
33 02-16-74
37 02-1.s-74
41 o~-~6-74
45 02-14-74

LEAN : 17’73-1974WINrEfi’SEASON: UOYAEF.33 EAST

TJtfE
(GMT) LATITUIIE

2000 40-25 N
2400 40-25 N
0400 40-25 N
0900 40-2S N
l~o(j 42-33 N
2000 42–35 N
2400 42-35 N
0400 42-35 N
0800 42-35 N
1200 45–05 N
I&o{) 43-05 N
2000 45-05 N
2400 45–05 N
0800 45-05 N
1200 47-09 N
2400 47-09 N
0400 47-OY N
01300 47-o9 N
1200 48-3.5 N
1600 4H-36 N
2000 4!3-36 N

LO14GITUOECOURSE

7i-ol w
7i-oi w
71-oi w
71-oi w
55–02 w
55-02 L1
!53-02 w
55-02 w
55-02 w
38-25 W
3EI-25 w
36-25 w
36-25 W
38-25 U
21-59 w
21-3? w
21-59 W
21-59 w
11-29 u
11-29 w
11-27 W

079
079
079
079
079
0’79
07Y
079
079
07Y
07$’
079
079
077
07&
080
075
075
075
073
075

SPEEII F’ROF’IIRAFT ~E~/,}1~
KT. RFtl FT. TEMP

32,4
32.3
32*4
32.3
32.1
3?.3
32.4
32.3
32.3
32*I
32,3
32.1
32*2
31.9
31.’7
17,2
17,3
17.3
16.5
19,7
24.2

132+5
132.0
132,.4
13243
131,0
1:32,0
132’.4
i32.o
i32.O
1.31.4
~~~.o
131.2
131,5
130,5
130.5
70,0
72.0
72.0
.35.0
82.0

107,0

30.00
30.00
30.00
30.04
30.10
30.18
30.24
30.22
30s22
30*20
30.18
30.11
30.10
29*V2
2’7,80
29.70
2Y.6Y
29,70
29.76
27.74
29.73

IN”I’ERVI$I...[+SI:LE’C’’(-!II1FOR
SEA lLANO

n.L. ~:RE1.WINO:> REL
II(JN SEA DIFi/SF’EEOWi3UE
NO. STATE /(KT) oIFi

HE [.EAN : 1973-1974 WINTERSEASON: VOYAGE35 E(3S7

WflUE
HT.
FT.

140s
140?
1413
1417
i421
1429
1433
14:;7
1442
144’5
1447
1501
1505
1513
1517
1~~~
l:i29
1533
1537
1541
1545

2
3
3
3
3
4
&
6
6
5
~
6
6

Jo
20
20
:~0.
20
20
20
4

REL
S!JJI.LL
DIR

43/34
43/3&
46/34
51/36
44/35
47/35
~4,~~
57136
5’7/35
s4/4z
s4/47
43/4!3
52/47
?;2/40
5p/54
50/50
52/50
52/49
51/53
50/49
50/49

<-sLIELL-S
HT LENGTH
FT, FT, VISUAL.WEATHER/TilR LOG-ROOKCOMMENTS

3 150 FT C1.u)’/
:J 150 OC.AST/
5 Y20 CICAST/
~ 150 CICAST/
5 150 OLt+s-r/
.4 150 Pr CI.IIY /
G 200 F’T CLHY/

10 200 F’T CLUY/HEAVYROLL
10 200 i=T CLI.IY/HEhVY r~oi.i.
10 200 FT CLOY/l{EfIVY ROLL
B 200 F1 CLIIY /HEAuY ROLL

10 200 FT CLDY/NEC)VYFIJI-I..
;: 200 F1’ C1.rIY/HEfiVY ROLL

250 PT LI.I,Y /HEAVYKnLL
~~ 300 FT CLDY/HEAVY ROLL
20 250 ochsr f
20 250 0CA5T /
2() 730 F’1 CLOY/
20 230 F’TCLOY,/HEAVYFiULL
20 300 F“r CLItiY/HEAVY ROLL
6 300 F’T CLIIY /
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* No.
U.L. * WAVE
RUN*INIIUCEO
NO, X CYCLES

* (1)
*

1405 * 120
1409 * 84
1413 * ?9
1417 * 126
1421 * 1.45
1427 ~ 97
1433 * los
1437 * 105
144? * 114
1445 * 71
1449 * .53
1.501 * 62
1505 * 74
1513 * 5EI
1517 * 59
152s * 47
j5~9 * 74
1533 * 02
1537 * 58
1541 * 41
1543 * 44

NO, .,. .,
1ST
FIOIIE

)wwrs
(2)

o
9
4
10
3
11
4
26
23
23
23
9
31
44
42
i8
17
26
33
33
23

nt+x
P-To-”r
STRESS

KF’SI
(3)

3*I8
4.70
6*9V
IS.Q3
3,74
7,92
9,51
7*I9

10.19
17.74
13.62
11.51
15.13
13.11
18*22
14.133
12,13
10.52
15.26
11.42
7*76

RMS MAX1ST* FJAiW3EOF 2,R3X
V-1u–1
STRESS
KF’SI

(4)

I*37
2.63
2*I2
2,72
1.83
3.24
3,27
3*55
4*5Q
5.48
5“4’7
4.73
5.00
6.52
6*73
4.74
5;74
5..32
7*OU
5.BI
4*37

STREiiSi EXTREMES
l(FSI X l(PsI

(5) * (4)
*

0,00 * 4.40
0,8A * 7*O9
0,79 * B.06
1.14 * EI.45
0.97 * 7.60
0.Y9 * 11,06
O.ao * 10.3E
1,70 * 10.57
2.00 * 16.33
1.23 * 1s.20
I*I4 * 14.25
l,~z * ia.12
1,34 * 17.37
i*4iJ * 17.92
2*2I * 20.04
1.36 * 17.04
I*IO * 13.05
1.14 * Il.&i
I*4I* 17.25
1.:$5* 11.00
1,39* 9.88

MS)
hT’sI

(7)

1*47
2.Y7
3.44
4,12
3,27
4,04
4.27
4.36
6.03
7.46
6.75
A,72
6,.45
7.90
B,42
7.30
5*79
5.29
7.4A
5?WI
4.H5

KEL m
MEAN*
STRESS*
KF’SI*
(8)*

*
O*2I *

-O*2O *
-0.19 *
0.22 *

-0,15 *
-O*O3 *
-O*O9 *
-0.45 *
-0.20 *
0.19 *

-0,11 *
-0.05 *
O*44 *
0.73 *
0.97 *
0.90 *
1.16 *
i*23 *
0.H4 *
0,78 *

-0.30 *

(7)
/

(4)

1.07
1.13
1●63
1*5I
I*79
1,25
1,31
1*23
I*32
I*36
1,23
1.42
I*33
i.:!l
1●25
1.08
1,01
0,94
1,05
1.00
I*I1

(6)
/

(3+5)

1.4s
1.20
I*O4
1.05
1*61
1.24
1+01
1.19
I*34
O*96
O*96
1.42
1*O5
1*22
O*9B
1.10
O*99
1.00
1.04
0.06
1.00

(A)

(L
1.45
1.s1
1.15
1.23
2.03
1.40
1.09
1.47
1.60
1.03
1.05
1*57
1.1s
I*37
1.10
1,20
I.OEI
1*1O
1,13
0,96
1,27

<--- ~~~,~~--_:><___ ~oI_~----->.<--- FIICH ---:><--ll~~T ~c~~L-><--L~T ~c~~l---}<-- TIJc~E~-->
11,1., 4*O RFcclRilEn 4.0 RECORtlEtI4.0 RECORUEI14.0 RECORI!EIl4.0 REcoRDED4,0 RECOROEII
RUN (RtlS) EXTREMES(RMS) EXTREMES{RFIS) EXTREMES(RMS) EXTREMES(RtlSl EXTREMES(RMS) EXT’F(EilES
N(I. ~,1 Fr F“r ItEti “11E!3IJEG DEG DELI UEG (G) (G) (G} (G) (G) (G) FT FT’ F“r

1405 15* 14. -14. 5.6 5. -4 * o.& -0.5 -1.7 0.11 O*1 -0.1 O*I4 0.1 -0,1 2* 2* -1,
140Y 24. 21. -la. 15.5 13. -9, O*R 0.2 -1.1 o.i!5 0.1 -0.1 0.3A 0.7! -0.3 3. 4. -3.

25.
20.
2P.
33●

34*
34,
45,
48,
42,
42,
44.
42,
43.
44.
42,
39*
40.
39 ●

20 ●

22. -23,
21. -22.
20. -22.
30. -30.
30. -28*
29, -’S7.
39* -40.
35, -43,
35* -33.
50. -2?,
314, -31.
32. -33,
37. -36*
44. -44*
34, -32,
32, -42,
34* -30.
39. -28,
20. -23 ●

12.4 11, -lo. 0.7 0.1 -1.1
10.0 12. –!5. 1.0 0.3 -1.3
7.2 ~. -A. 0.9 0.+ -1,5

14,5 12, -13, 1*O O*4 -1*5
17.9 13, -12. .I*l 0.4 -1.8
13,4 13, -10. 1,5 1.0 -2.2
23,9 23. -14, 2.1 1.6 -2,3
28,2 30, -24, 1.7 1,0 -2*2
28*1 23* -14* I*6 0.? -2.1
23,rS 19, -16. 1?3 0.9 -1#6
25.3 24. -la, I*5 1.0 -1.9
33.9 38* -14, 1,6 I*4 -1,7
31,6 27. -17, I*4 1,0 -1.5
29,6 24, -18. 1.0 0.4 -1,3
22?0 22* -13, O*9 0,4 -1*2
1?.1 20, -10, O*5’ 0.3 -1.3
29.1 26. ’14. I*1 O*B -1.s
34*O 290 -14* i.o 0,4 -I*3
23.1 20. -i2* O*B O*3 -1*3

0.12 0,1 -0.i
0.22 0,2 -0.2
0.16 0.2 -0.2
0,23 0,2 -0.2
0,2s O*2 -O*2
0.35 0.3 -0.3
O*44 0.4 -0.3
0.3s 003 -0,3
O*33 O*3 -0,2
0.30 O*3 --0.3
O*35 O*3 -0.3
0.31 0.3 -0.3
0,31 0.3 -0,3
0,24 0.3 -0.2
0.26 0,3 --0.2
0,26 0.2 -0,2
0.30 0,3 -O*3
0.22 0.2 -O*2
0.11 0,,1 -O*I

0.26 0.3 -0.2
0.21 0.2 -0,?
o.j..4 4).2 -0.2
0.33 O*3 -002
0.40 0.3 -O*3
O*3I 0.3 -0.3
0.49 0.4 -0.5
0,59 0.6 -O*6
0,61 O*4 -O*5
0.53 0.4 -0.4
0.55 0,5 -0.5
0.6H 0.4 -O*S
0,.57 O*5 -0.5
0.66 0.5 -0.4
0,!50 0,4 -0.4
O*45 O*4 -0,3
o.6i3 O*!5 -O*S
0.72 0.5 -0,5
O*5O O*4 -0.3

3. 4* -3.
3. 3. -?.
z,~m -2.
5. 5. -4.
9* e. -6 ●

0, 7. -4.
12. 9. -8.
17. 15. -9 ●

13* 10* -i3●

14. 14. -11.
lb. 14. -1o,
18, 16. -.10.
16* 12+ -12*
14. 16. -n .
9. 7* -7 ●

9. B. -7.
12. 10* -7 ●

13. 13* -7 ●

B, 11. -5 ●
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II*L* TMFi THR TMR
RUNTAF’EINUX INTV TIME
NO. NO. NO. NO, [IrjTE

1617 169
1421 149
1625 169
IA29 169
1633“169
1.s41169
1645 169
1.549169
165.3169
1705 171
1710 171
1713 171
1717 171
1721 171
1725 171
1729 171
1743 171
1747 171
1749 171
1756 171
1801 173
1B09 173
1B13 173
iB17 173

5
6
7
e
9

Ii
12
13
14
16
17
10
.19
20
21
22
2s
26
27
2B
29
31
32
33

17 02--20-74
21 02-21-74
25 02-21-74
2?9 02-21-74
33 02-21-74
41
45
49
S3
5

10
13
i7
21
25
29
43
47
49
56

1
9

13
17

02-21-74
02-22-74
02-22-74
02-22-74
02-22-74
02-22-74
02-2~.74
02--23-74
02-23-74
02-23-14
02-23-74
02-24-74
02-24-74
02-24-74
0~-24-74
02-24-74
02-24-74
02-25-74
02-25-74

GMT) LATITUDE

2400 !50-23 N
0400 50-23 N
OBOO 50-23 N
1200 47–19 N
1600 47-19 N
2400
0400
0800
1200
1700
2000
2400
0400
0800
i:!oo
1600
0400
Oboo
1200
1600
1900
2300
0100
0300

47-i9 N
47-19 N
47-19 N
45-12 N
45-12 N
45-12 N
45-12 N
45-12 N
45–12 N
42-3;! N
42-32 N
42-32 N
42-32 N
40-3!5 N
40-35 N
40-3s N
40-35 N
40-35 N
40-35 N

LCINGITLIDECOURSE

01-16u
0:1-16w
01-16u
19-35 U
17-35 u
19–35 u
19-35 (.J
IY-35 w
3B-09 W
3B-orj IJ
38-08 w
38-08 u
38-00 U
3E1-oi3w
52-49 U
52-49 U
52-49 W
52-49 u
&o-49 u
40-49 I.J
be-49 u
60-49 u
&o-49 u
60-49 M

243
2.S3
263
241
261
261
261
261
259
259
259
~~~
260
261
2AI
257
259

~:)~
250
270
268
268
2h9

SPEED PROP
K“r, RF14

31,4 129.0
31.8 130,0
31.13 130.0
32*O 131.0
31,4 128.3
31.9 130.5
32.0 i3.i*o
32.0 131,0
31.B 130,0
31.3 120.0
31.3 12(?,0
25.3 106.0
20+2 B.S*O
31,0 130,0
32.1 131.4
32.0 131,0
10.0 40+0
6*O 42,0

30.0
10.0 42,0
10.0 69.0
32.0 131.0
32,1 131.5
32.3 1:{1,8

DRAFT
FT,

30.42
30.37
30.36
30.32
30.20
30.40
30,35
30+12
29.B3
29.45
29iElo
2S’.Y9
30,12
30.20
29.97
29.55
29’,67
29.81
30.02
30,09
30.20
30,20
30.10
29.96

TABLEXIll(b)

1i4TERVA1-5SELE(:”lEII1~~ bJAV[Ei’f[+”rERDATA ~~ljljcl”~(llil

SEfi LANDMCLEAN : 1973-1974 WINTERSEASON: VOYAGE35 WEST

II*L, <REL WINUS RKL
RUN SEA tJIR/SF’EEDWAVE
Nrl. STATE /(r(l”) DIR

1417
142j
1625
1629
l&33
1641
1645
1647
1653
1705
1710
1713
1717
i721
1725
1729
1743
1747
1749
1756
1801
1!309
IB13
1B17

i 7s/ 2
3 7s/10
3 “3ElP/lo
5 36P/20
5 47P/20
2 99s/ 5
2 171F/ !5
5 lo3r’/2o
7 79F/30
9 33s/45
8 22S/4”0
B 35s/40
5 44S/20
2 36F’/ 5
5 EllF’/2o
7 !54P/30
9 125/45

10 0 /50
10 ‘56s/%0
10 20s/50
9 11s/45
2 34s/ 5
5 17HF’/2O
7 179F/30

7s
7.s

38P
36P
36P
99s

171P
I03P
79P
33s
22s
35s
55s
3AP
EIIP
54P
12s
o

5AS
205
11s
2s

17HF
J79P

UfiUE
HT.
FT.

1
1
1
2
3
3
3
3
6
5
5
6
4
2
2
5

25
30
30
15
15
6
4
3

REL
SMELL
DIR

7s
7s

3EF’
3AP
36P
9!3
9s

36F’
79P
79P
22s
35s
53s
36F’
81F
11!3
o

‘ 25S
45s
20s
o
2s

17nF
179P

<-SWELL->
HT LENGTH
FT.

3
3
3
4
5

s
5
5
B
B
H
13
A
4
4
7

25
30
30
15
15
b
4
3

FT,

250
250

250
200
130
1s0
150
150
1!50
150
150
1s0
200
200
200
150
400
4Qo
400
200
200
300
300
300

51/50
51/s0
31/51
31/50
s2/30
52/47
!51/4B
53/30
53/53
57/4El
57/37
40/34
34/34
31/33
45/45
5;?/46
34/44
3E1/45
55/45
5of441
50/41
60/40
52/39
40/3!3

VISUAL WEfITHER/TMR LtlQ-EIOOKCOMMENTS

F’”I’CLDY/
F’T CLDY/
OCAST/
FT CLt!Y/
ocAsr /
OCAST/
Fr CLnY /
F’T CLnY /
rJcfisT/
I’ICAS1/
0CA!3T/FiE”fLIRNTO AUTORECORnING
(ICA!3T/
F“TCL.IIY/
FT C,LIIY/
F’TCLIIY/
UCAST/
oc~s’r/HOVE TO 30 RFM
F’T CLIIY /HOUE Tfl 30 F(FH
PI ELIIY /
FT 12LKIY/
m CLDY/
uCAST/ .
OCAST/
OCAST/

40
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TABLEXIII(C)

WI”l’14CIIRRESPONII:[N[+RAWL’IIG1”TIZA”TIUNliESUL.T!5A“l’LiAVII:lS(lNL.AI#(lllfiTU12Y
SEA‘L14NtIMCLEAN : 1973-1974WItiTERSE’ASON! UiiY”131iE35WE”ST

X+:---------TMR RE’5ULTS----------------~#<---- IJ.L. tIIG.ITIZATION---iXCOLUMNUMNRATIOS-->
k NC). NO. MAX

11.L.* UAVE 1ST P-TO-T

*
1617* 171
1~~1* 179
162s* 173
162*?* i77
14:43* IB3
164:1* 189
1445* 199
1649* IY4
1453* ~vo
1705* 166
1710* 165
17J3* 160
171Y* 147
J7~:~* I(39
1725* 210
1727* 199
1743* 113
174:7* 107
1749* io7
i75.4* 147
lf)ol* 133
ISOY* 200
1013* 221
1817* 1H4

e
1
0
23
37
2s
B
13
37
59
71
49
4s
52
2
34
71
42
37
73
22
25
0
0

7,61
4*39
4.44
7.14
6,16
11,25
7.27
4*46
5*5Y
12.51
7*72
15.99
13.C6
1.5.4El
5.00
3.23
23.26
27,76
IB*A4
20.10
iB.7a
7.94
4.21
3*3O

RN!3 HAX isr* RANEiLOF
r-iu-l
STRESS
KFSI

(4)

3*SO
2.E14
2*22
2.97
3.54
4.01
3.2Jl
2*16
2*SO
S*2I
4.00
6.61
5.61
5*1O
2.40
1●32
11.01
IO*O7
9*OO
EI.19
7.9!3
3.82
Z.bz
I*33

-.,-- M(1[1E* RECORUEII
STRESS*EXIFiEllES
KPSI x KPSI
(5)* (6)

#
1.10* 7*O5
O*7O* 6*54
0.00* 5,29
1.19* R.013
2*OO* ?.71
2,10* il,a3
1*594 6.35
1.16* S.09
3.39* e.i7
4.53* 15,74
4*21* 10.s5
4.li* 16.&El
3.1s* 14,54
9*33* 24*O3
0.93* 6.33
1.71* 4,17
3.27* 23.56
2.95* 26.12
2.32w 17.67
5.13* 21.62
3*9O* ie*73
7.1s* 9*77
0.00* 6*13
O*OO* 4.07

.2.EIJIX
(SAMPLE

Rtls)
KFSI
(7)

3,16
2.7A
z,~o
3.14
3.55
3.71
3.22
2.14
2.B3
5.47
4*I7
6.71
5.72
5*O7
2.A4
1.64
10.30
9*38
8*35
7.75
+.0?’
4.23
2,57
I*49

KEI- w
MEAN$i

STFJES5X
KF’SI Ii

(El) *
*

-1.32 *
-1,29 %
-1+24 *
-1.41 *
-1.25*
-i.3Q*
-1.3A*
-1.49*
-le5~*
-1.20*
-1*1O*
-0+25*
0.01*
‘1,23#
-1,49*
-1.44*
0.52*
o.4a*
0.59*
O*37*
0.53*
-0.93*
-1.22*
-I*2O*

(7)
/
{4)

o*9i
o*9&
0,99
~..05
1.00
(),?3
O*99
0.99
1,13
1.05
1*O4
1.01
1,02
0,99
1.10
~.~q
O*?4
0.93
O*93
O*Y7
O*87
1,11
I*27
1.12

(6)
/

(3+5)

O*H1
0,92
1.19
0.Y7
0.96
0.89
0.94
0.91
0.91
0.92
O.BR
0,03
O*9O
0.93
1.07
0.04
0.09
0.s5
o*134
0,64
0.63
0.65
1.46
i,23

(4)
/

(3)

O*93
1,02
1,19
1.13
1.19
1,05
1.15
1.14
1,46
1.26
1*37
1.04
1.12
J.,’l.s
1.27
I*29
I*OI
O*94
o*9Ei
1*013
1.00
1.23
1.46
I*23

TABLExlll(d)

!31JNFiARY(JF RAWIII[;ITIZA71LINRESULTSFURHAIIFIRRf)NfiE
RL1l.1-rF’I’TCHrIIECKHOII$E.AC(:EL,ERA’~I[lNSYANKITUCKER HE”I’EF(

5Efl LhNil rnciEAN”: 1+73-i974’ WINTERSEASON: U13YA’G”E3s wsr

t:--- RAIIOR ---><--- ROLL ----><--- PITCti ---;.<--UERT ACCEL-:><--LATACCEL--X-- TUCKER--:>
D.I.*4*O REcoRKIE[i~.0 RECORIIED4.0 RECORTJEI14.0 fiECORtIEli 4,0 RECCJR!3ELI4.6 REc(JR1iELi

RUN(RMS) EXTREMES(RMS) EXTREMES(RHS) EXTREMES(RIIS) EXTFiEtiES(RHS) FXT~EtIES(RMs) EXTREMES
NO. FT FT FT NEG DEG OEG IJE17 )IEG i3EG (G) (G) (G) (G) (G) (G) FT FT FT

1617 27. 22*-20.
16~~ 23, 21*-19*
14~5 10* 17*-15.
IL.2925. 21*-20,
1.43326. 23,-24.
164i 26. 24,-40.
1645 24, 18,-1s,
1449 17. 15.-13*
1653 19. 1.5,-113.
1705 41. 30,-44.
1710 34, 31.-42.
1713 50. 34*-51.
1717 51, 35*-49*
1721 34. 34.-46.
1725 16* 15.-14*
1729 II* 9*-11.
1743 !32.39.-42.
1747 51, 39.-43.
1749 49* 3s● -41.
1754 55. 44*-49.
1801 53. 3,5,-s1,
iuo9 28. 23,-25.
li31316* 15.-13.
1017 12. 11.-12.

3.1 2* -3 ● I*3 0.8 -2*O
3*O 2. -3. I*3 O*5 -1.s
2.7 2. -2 ● 1.0 O*2 -1*S
2,4 2. -2. I*4 0.8 -1.8
2.2 3* -I* 1.4 0+4 -1.0
2.5 1. -3, 1*4 1,0-2.2
3,2 1, -4, 1*3 O*5-1.9
3.Q 3. -2. 0,9 0.3-1,4
5.7 7* -3● I*O 0,3-1,3
11,0 9* -9. 2.2 1.7-2.3
5.0 4* -6● 1*EI1*I-2.0
5*O 2. -7● ;:; 1.5-2*1
4*6 1.-14. 1.1-2*O
3.3 2* -~. 1.9 2.0-2.4
2.6 2* -3● I*O 0.3-1.3
3.1 5. -o● O*8 O*3-0.9
9.311*-12$ 2.1 1,9-2.1
10.3 a.-13. 1.6 1,4-1*EI
11.1 5.-12. 1,6 1.2-I*6
7,0 4. -B. 2*3 I*7-2*O
5*5 2* -6* 1.9 143-I*I3
5.2 3. -7* 1*7 O*B-2*O
3.0 1. -6. O*9 0.2-I*4
3*6 2* -4. O*B 0.2-1*3

0.33 0.3 -0.3
0.2s 0.2 -0.2
O*22 0.2 -O*2
0.29 0.2 –0.3
0.30 0.2 -0.2
O*3O C*4 -O*3
0.27 0.2 -0,2
O*2O O*2 -O*2
0.21 0,2 -O*2
0.49 0,4 -0.4
0.37 O*3 -O*3
0.52 O*4 -O*4
0,45 O*3 -0.3
0.39 0.6 -0.s
0.19 0.2 -0.2
0.11 0.1 -O*I
O*45 0.3 -0.4
O*36 0.3 -O*3
0.36 0,3 -0,3
O*49 O*4 -O*4
O*43 0.4 -O*3
0.38 0,2 -O*3
O*I7 O*I -O*I
O*IA 0.1 -0.1

O*O9 0.1 -0.1
0,09 0.1 -O*I
0,00 O.i -0.1
0,07 0,1 -0,1
0.07 O*I -0.1
O*O7 O*I -0.1
0.09 O*1 -()*1
O*O9 0.1 -O*1
O*15 0.2 -O*1
0.26 0.2 ‘0,2
0.13 O*2 -0.1
O*I3 0.1 -0.1
0.13 0.1 -0.1
0.10 0.1 -0.1
O*OBO*I -0.i
O*O9 0.1 -O*1
O*24 O*2 -O*3
0,26 0.3 -0,3
0.27 0.2 -0.2
0.18 O*2 -O*2
O*14 0.1 -0.2
0.14 0.1 -O*1
0.10 0.1 -0.1
0,10 0,1 -O*1

3.
3*
2*
3*
3*
2*
3*
2*
3.
6.
4*
5.
5.
3*
2*
2.
7,
a.
9.
4.
5*
3,
2.
2*

3. -3.
3* -2*
T-. -2●

2* -3.
2* -2.
2* -2●

2* -2●

2* -2●

2* -2.
5* -5*
4* -3●

4* -4●

4. -4,
3. -3●

2* -2●

2* -2●

7* -7●

H. -13,
n. -8.
5. -4●

4* -4●

3. -3,
1. -2v
1. -1*



TABLEXIV(a):

SUMMI$RIYOF’TMRLIIL;-HCIIJKDATACUHRE.SFI(JNDINGT(I
IN’”TE.I%VAL.SSELE(:TEAIFUR WAVE METER HATA K’EIIUCIIKIN

SEA’LANLiMCLEfIN : 1973-19’74 MINTERSEfiSON: VOYAGE36 EAST

n*L, TMR TMR TMR
RuNI’AF%INIIXINTV “rIilE
No. NO, No● NO. IIATE (GMT) LA”rITll[lE LONGIIUIJECOIJR!3E

1925 175
IY2? 173
1933 175
1?37 175
1941 175
1945 175
1949 175
1953 175
1957’ 175
1941 175
2001 177
2005 177
2010 177
2oj3 177
2017 177
2021 177

7 2!5
e 29
9 33

10 37
11 41
12 45
13 49
14 53
is 37
Ik 61
17 1
IQ 5
19 io
20 13
21 17
22 21

02-30-74
02-28-74
03-01-74
03-oi-74
0:3-01-74
03-01-74
03-01-74
03-01-74
03-02-74
03-02-74
03-02-74
03-02-74
03-02-74
03-02-74
03-03-74
03-03-74

2000
2400
0400
OBOO
1200
l&oo
2000
2400
0400
Oaoo
1200
1600
2000
2400
0400
0800

41-36 N
41-3.S N
41-36 N
41-3.S N
41-3.3 N
44-05 N
44-05 N
44-o5 N
44-03 N
44-05 N
44-0!3 N
46-3h N
46-36 N
46-26 N
46-36 N
46-36 N

5B-10w
5s-10w
5r3-lou
5B-10u
%3-lou
42-20 U
42-20 U
42-2o IJ
42-20 U
42-20 u
42-20 U
25-47 W
25-47 U
25-47 U
25-47 U
25-47 U

079
07R
Q7R
078
070
070
07@
077
077
077
077
07s
077
078
078
077

SF’EEII PROP
KT. RF?l

32*3 131,0
32.1 130.0
32,4 131.3
31*9 129.5
37!*I130.0
32.2 130.6
32.3 130.0
32.3 13100
32*4 131,3
32.2 130,5
32.1 130.0
32.4 13i.3
32.4 131.2
32.2 131*O
32*S 131*6
32.4 131.4

IIRAF”T
F-T,

30.31
30.30
30,30
30.26
30.24
30.27
30,25
30.2Y
30,34
30.33
30.34
30,40
:$(),36
30*39
30●3!3
30●33

11.L. <RELWIND>REL

N(I. STATE

1925 4
1929 3
1933 4
1937 !5
1941
1945 :
1949 4
i95z. 2
1957 2
1915i 2
2001 2
2005 2
2010
2013 ;
2017 4
2021 4

/(KT)

54i=/i2
56P/12
331’”/12
55F/15
33F’/l5
33F/20
55F’/l5
54r/lo
54r/ 5

Is
/5

70P/ 5
99F/10
70F’/lo
78r/lo
54P/15

K1lR

56F
56P
33F
Elsv
33P
33P
55F
~pp
32P

7BP
99P
70P
7BP
54P

WAVE
14T,
FT.

2
2
3
3
3
3
3
2
2
2
2
2
2
4
4
5

REL
SWELL
DIR

56F
53P
33P
55F’
33F
33P
33F’
32P
32P

i23F’
124P
124P
124P
124P

wA/AJR
TEMP

47/37
43/35
42/34
37/35
60/3A
57/441
!5B/47
57/48
53/40
f14/47
52/48
32/s0
s2/50
51/4a
51/4cl
51/47

<-WELL->
MT LENG”lli
FT. FT. VI!3UALWEATHER/TMR L06-EIc)OKCINIMENT9

3 150 FT CLIIY /
3 150 Pr CLKIY/
3 150 pr CLIIY /
3 150 P-r CLOY/
3 150 PT CLnY /
3 250 PT CLIIY /
3 250 PT CLDY/
4 300 cLllY /
4 300 ocAsT I
6 500 CLi3Y/LONGCONFUSEDSWELL
6 500 F’”1CLIIY /
6 500 FT CLOY/
.5 300 cLnY /
6 300 CLLW/
4 125 CI.IIY /
6 125 FT CLUY/

42

—.”,—_ . ..—



TABLEXIV(C)

COMPARISONOF TMR RE.SLJL”TSFLllt NIUSHIP VER”T:[CAL.HENIIIN[~ STRESS
WITH CtlRRESF’tlf4111N~RAW D1G:[7’IZAII[lN RESIJI,..T5GT I!AU:[USON1..AH[1RAT0R%

,. SEALfiN~MC LEAN‘: 15’73-1774 141NiERSEOSUNi“’VUYM3fi36 EAST

#.<---------”tPlR RESULTS--------------- >~#:----[ltL, nrGITIZATION--->X+COhClJMNJMNRATIOS-->
* No: NO. Mf-lx

1).L. X UA\’l! ls’r P-TO-T
RUNkl’NIIUCEDNODE STRESS
NO..* CYCLESBURSTS KF’SI

* (i) (2) (3)
*,

1925X 197 0 2.24
1929* 1E17 ‘o 2.29
193?S 207 2 2.4B
1937* 197 50 3.46
1941* lHI i3 4.52
1945* 149 A 3.49
1?49* 136 1 , 2*56
‘i953* ,121 0 3,29
1957*. 124 o 3.61
i9&l* 113 7 4*OE
!2001* 95 2, 3*7a
200”5*.102 7 6.19
2010* 91 4.39
2013S B2 1: 4.72
20178 90 10 4,80
2021* 76 19 5*69

RM9 M!+X.1ST*RONFiEOF . --...
P-TO-T MOOE# RECORDED
ST~ESSSTRESS*EXTREMES
KF’SI KFSI X l’iPs.I
(4) (5)* (6)

*
0.89 O*OO* 2*W5
0,94 0.00* 3.05
I*G4 0.72$ 3.42
‘1,74 2.15* 5*44
2.03 0,79* 6.21
i.50 3*4O* 22.93*
1.38 0.!5A* 4.24
i.45 0.00* -4.44
,1.73 0.00”* 5*27
2*OO 0.83* 5.e4
1.89 O*5S* 5;76
2.37 0.92* S*93
2,22 o.&5* 6.21
2*2O 1,00* 7,49
2*OO O*77* 5.B2
2.22 1.19* 6.05

2.U.3A
(SfillPLE
RHS)
KPSI
(7)

1.12
1*I7
1.23
2*IO
2.44
2*2I
1*79
I.ao
2*I5
2.43
2.33
2,64
2.04
2*74
2.60
2.52

tiEL w
MEAN#
STRESS*
K’FSIS
(0)*

*
0.39*
O*1Y*
0.31*
0,23*
0..28*
0,s0x
0.51*
0,44 *
0.40 e
0.40 *

-0,14 x
-0.24 ~
-0.78 *
-o.5a *
-0.71 *
‘0.61 ~

(7) (6)
/ /
(4) (3+,5)

1.24 1,27
1.25 1.33
1*1B 1.07
1.21 J.*OI
1,20 1.17
1.47 3,33
i.30 1.3A
1,24 I*35
1.24 I*46
1.21 1.19
1,24 1.33
1.11 0.03
I*2B 1.23
1.25 1.31
i*25 1.05
1.13 O.aEl

(t.)

(:)
1,27
1.●33
1.3$3
1.03
1.37
6.58
1.66
1,35
1,4.s
I*43
1,52
O*96
1.42
I*59
1.21
1.06

w MagneticTapeSaturatlm, probablyextrmimus

TABLEXlV(d)

D.L. 4.0 lW’C!3RIlEkI”4,0”RECCRJJEil4,0 RECU!4’CIEn4.0 RECORrlE’114.0 RECOK’llEil4.o RE;C;U~llEn
RUN(RtlS) EX”rREMES(RMS) EXTREMES(EMS) EXTREMES(RMS) EXTREIIKS(RbiS) EXTRtT.NES(FiklS) EXTREMES
Nil, I=r F-I F’rnEc;nEG IKG IKG UEG IIEG(G) (G) (G) (u) (G) (G) FT FT FT

~925
1929
1733
i937
lY4i
1945
194?
1953
1957
1941
Zooi
2005
20J.O
2013
2017
202i

10* la. -8●

10. Q, -10.
11. 9. -10*
16. 13. -12.
j8, 20,-IH,
14* 14,-13.
14, 12.-12,
16. 12.-12,
18, 14.-14*
20● 19.-15.
19. ir3.-13.
22. 15’.-17.
27. 25.-21.
24, 23.-19.
25. 20,-19*
24. 23.-16.

2.1 3,
2.3 3,
2*3 3.
3+4 5.
4.8 6,
5.0 5*
!5.5 5*
9,0 6.
7*6 9.
9+4 9.
Io.b 9.
12,310.
19.016*
17.515.
16*I14.
14*714.

-1.
-1.
-1.
-1*
-2 *
-4 ●

-4,
-6.
-5 ●

-7.
-7 ●

-1o.
-13,
-12,
-9●

-9.

0.5 -0.2 -1,1
0.5 -0.3 -1.1
0.5-0,1-I*O
O.a 0.3’-1”.3
1.0 0.6-1.6
O*7 0.1-1*I
O*I30.7-0.7
0,7 0.7-0.6
0.9 D.9-0.7
1.0 1.1-o,E1
0.7 O*7-O*7
0,9 1.0-O*’3
O*EI0.7-0.8
O.EIO.B-0.6
O*8 0.9-O*5
O*7 0.13-004

0.00 0.1 -0,1
0.09O*I-0.1
0.090.1-0.1
(),IQ0.2-0.2
0.22O*2-0.2
O*I5O*1-0.1
0.15O*I-0,1
o.i30.1”-0,1
0.190.2-0.2
0.200.2-O*2
().iG0.2’-0.1.
O*2O0.2-O*2
0,17O*%-0.1
0..140.1-0.1
0.140,1-O*I
0.120.1-0.1

0.06 0.1 -o*i
0.070.1-0.1.
O*O7oil-O*1
0.100.1-0,1
(-).130.1”-0.1
0.130.1-O*I
0.14 0*1’-O*I
0.210.1.-0.2
0.19O*2–O*2
0.23O*2-0.2
0,250.2-0.2
0,290,3-0.2
0,430.3-O*3
0.38O*3-O*3
0.370.3-(),3
0.360,3-0.3

i, i. -1.
i. 1. -1.
1. i.’-1.
2* 2. -?.
2. 2. -2*
2, 2, -2.
2. 2* -2 ●

2. 3* -2 *
7., “3. -2.
3. 3. -3 *
3. 3. -2,
4* 4* -3,
5. 7. -4 r
5* 7. -5*
5* 5. -3 ●

5.* 4. -3.

-—...-——. ..-.—.. .—. —



METRICCaNVEWIONFACTORS

1. Find
Slmbd h FM Sytcbd

LfUGTH— ,—
tilhnetmi 0.04
CCA1l-m* 0.4
IlwWs 3.3
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MASS {weigh!]MASS Iweight)

gram 0.035
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