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ABSTRACT

Thisreportdescribesthetransducers,cabling,signal-condi-
tioning,andrecordingelementsoftheinstrumentationsysteminstalled
aboardtheSL-7ContainershipS.S. SEA-LANDMcLEAflJ. It includesa
detailedsummaryofthestrain-gagebridgecircuits,location~of all
transducers,anda descriptionofthevariousoperatingmodesandoptions
availableforrecordingdatafrommorethan100straingages,accelerom-
eters,andmotionsensors.
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1. INTRODUCTION

TheS.S.SEA-LANDMcLEAN(Figure1)isamemberofa newclass
large-capacitycontainervesselsrequiredbythecontinuinggrowth
industry.CharacteristicsofthisvesselareprovidedinTable1.
tionsystemdescribedinthisreportispartofa researchprogram
v-age oftheopportunitytoevaluatefully~frombothanalytical

ofhigh-speed,
oftheshipping
Theinstrumenta-
whichtakesad-
andexperimental

approaches,thed&ignanaresponseofthis-uniquevesseldu;ingtheearlyphasesof
itsdevelopmentanddeployment.Includedintheseriesofstudiesbearingonthe
SG7 classvesselsare:FiniteElementAnalysis,StructuralModelTests,Bending-
MomentTankModelTests,Computer-SimulatedLoadRasponseAnalysis,Full-ScaleVes-
selInstrumentationandDataCollection,andDataAnalysisandCorrelation.

lZis&th thefull-scale~nstr~entationanddataco~~e~~~onthatthisreport
concernsitself.Morespecifically,itdescribesthetnstrmnentat?onportiononly,
asinstalledpriortothefirstvoyage.A tabulationoffull-scaleshipparameters
selectedformeasurementappearsinTable11. TheTnstrumentaticmsystemwasde-
signedtomeasuretheseparameterswithintheframeworkoftheadditionalcriteria
setforthinTable111.Detailedsystemdesignwasbegunh June1971, andthesys-
temwasinstalledaboardthevesselduringMay1972.

11. GENERAL

Themajorcomponentsoftheshipboardinstrumentationsys~emareloca~edin
LheInstrumentRoomonthestarboardsideoftheafterdeckhouse%nanareadesig-
natedasthe‘lSh~ chest’v.Theinstrumentationconsole(Figure2)isboltedtoa
weldedfoundation,andisorientedinthefore-and-aftdirection.~raas~~ce~in-
putsarereceivedbywayoffixedcablingatthreelargedeck-to-overheadjunc~ion
boxesmountedontheportbulkheadof-theinstrumentroom.Distributionofsignals
totheconsoleismadebycablesfromthesejunctionboxes,whicharedesignated
X313,14,and15. Powerforconsoleoperationisprovidedbya separatepowerdis-
tributionpanelmountedadjacenttothejunction‘bOxeS. Thelocationsofthe
varioustransducers,junctionboxes,andassociatedcablingareshowninFigures3
and4.

111.CABLINGTECHNIQUES

Theonboardcablingrequiredwasseparatedintotwophases:shipcabling,
andtransducercabling.Each%sdiscussedinthefollowingsections.

A. ShipCabling

Toprovfdea relativelypermanentandfinishedformofcabling,a ship
cablingsystemwasdeveloped.Thissystemconsistsofjunctionboxes(JB’s)at
variouslocationsalongthevessel,andmulticonductorcablesfromthesetothe
InstrumentRoom.,Thissystemwasinstalledwiththeothershipwiringusingthe
sameroutingwhereverpractical.Thissystemissemi-permanent,andcanbeused
forotherfunctionsoncetheinstrumentationsystemhasbeenremoved.

Thegreatmajorityofjunctionboxesarelocatedintheportandstar-
boardboxgirders,witha fewadditionalJ13’slocatedinthevicinityofspecial-
izedtransducers(seeFigure4). Allcablescarrytheprefixnumber612,andare
so markedateverytermination.Cablediagramsforthissystemarecarriedasan
integralpartoftheship’s”wiringdocumentation.
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FIGURE1 - S.s.SEA-LAP?DMcLEAiV

TABLEI - CHARACTERISTICSOFS. S. SEA-LANDMeLEAiY

Nam=“

Builder:
Class:
Length,overall
Length,betweenperpendiculars
Beam,molded

Depthtotindeck,forward
Depthtoresindeck,aft
Draft,design
Draft,scsritling
Deadweight-longtons
Die.placewnt(34’O“draft)-longtotis
Machinery

Shafthorsepowe~rnaximumcontinuous,bothshafts

PropellerRIM
Speed,maximom,knots
Csnterofgravity- fullload
‘,
I

ContainerCapacity

.SEA-UNDMcI,UN

RotterdamDryDock[Hull330)

SL-7Cantainership

946’1-1/2”
880’6“

105’ 6*’

64’ 0“’

6~, ~,~

30* 01*

34’ 0“
27,315
50,315

Twoseparatecross-compownd
mtesmturbinesdrivingtwo
propeller@hafts

120,000
135

33

399.32’forwarddfaftpe~en-
dicular42.65’abovebsseline

8’x8.5’X 35’
Belowdeck 554
Abovedeck 342

TOTAL 896

B’X8.5’x40’ Total i

140 694
~60 402

200 ~,~96
—.—.—.—..—...——.— ——. —..—.——.

i



TABLEII - (CONT’D)

TABLEII - SIGNALDESCRIPTION

:AGECROUP1 (RecorderNo. 1)

ltannel(s)

1

2

3

4,5

6,7

8,9

10

11

2,13

VerticalBending:Longitudinalatresngages,F6S,underdeck,
nearmlds!hip(FrU 1861/4),inboxgirderwiredtoeliminate
longitudinalhorizontalbending;prLmtryreferencestress;
providesdatacomparabletoSSCProjectSR-153andASSS-Vessel
program.his signalservesasa comanreferencewitheach
groupofgages.

tiidshipTorsional-: Shearrosette-amidship(Frame1861/4)
P&S,o“sideshellat,,eutralaxiqwiredIntosinglebridgeto
eliminateshearassociatedwithverticalbending.Willslhowshear
sssnciatedwithcorslcnandhorizontalbending.Pri=tyvalueis
incomparisonwith■luilarSSBOSTOXdata.

WaveHefRht:Openchannelto●ccomdateoutputofa waveheight
sensor.

RollandPitch:Pendulums,rollandpitchangletransducers
locatedcloseLOvertical-d longitudinalvesselCG(Fram?
178), RigidbodyCMItions.SimilartoBOSTOtidtia;usefulin
ccmtainerloadevaluation.

tlullAccelerations:VerticalandLrmaverseaccelerometerslocaced
at vemaelCG(Frame178),oimilarto●rrayusedonEO.STON.Vertical
unitrequiredforheaveacceleracim.

HullAccelerations:Vertical andtransverseaccelerometerslocmcerf
forvard(Frame290), Rigidbodvaswellaswhippingmotions.ilse-
fulforcomparisonwithWJLVERIXESTATSandBOSTOXdata,andprob6bl
indicativeofmastsevereacceleraticrmonvessel,

t’multiplexedShipParameters:FJW,ruddermngls,windspeedand
direction.

HorizontalBending:Longitudlnaiatreasgages,P6S,nearmidship
(Frau1B61/4),atneutralaxis;wiredtoprovidea longitudinal
horizontalbendingsi~al.

.5hear-Fonrard:Shearrosettesnearfomardquarterpoint(Frar.e
265-266),P&S,oflmideshell,atneutralaxis.F&Srecorded
separatelysinceBhcarass.ocinttdwithverticalbendingmaybeaf
❑ajorInteresthere;signalscanberecohinedonplavbackto
produceshearcomponentassociatedwithverticalbendingor
torsion.

GAGEGROW2 (RecorderNo.2,ModeA)

Channel(s)

L VerticalSending:Referencesignal

2,3,4,5,6,7LongitudinalStressGages:Sixstre~mgsgeaatdeck,
neutralaxis,andbottom(lowersideshell),P&S,amid-
ship(Frame1861/4).Recordedseparately,butdata
canbecombinedtoprovidemignalmproportionaltolongi-
tudinalverticalbending,longitudinalhorizontalbend-
ing,md warpingIongitudimlstressen.Neutralaxis
gagesaddedtosimplifydirectevaluationoftransverse
~[ressesandaubsequentseparationof ver~icalandwarp-
tngstres~em.FirstLimethinarrayhafibeenused.

8,9 Shear-Aft:Shearrosettesnesraftarquarterpoint(Fra~
(17-B8)P&S,onsideshell.atneutralaxio*P&Srecorded
separately.Torsional-hearwaninitialco~cern,but
pre8entinterestisiRshearassociatedwithverticalbend-
ingaswell.Separatezecordingp+rmitsrecohinationof
signalstoproduceshearcomponentasmor-iacedwithvezcical
bendingortor~ion,*ActuallocatlonIB.2’abovex,.%.

to,11 OeckhouseAccelcrationm:Verticalat-idtrmnmverseaccelerw
u.zterawucedhighnearcenterlineintheforwardh.mse,
andcran~verseandlongitudinalncceleromntersintheafter
house.Anytwoofthefoursi~ntilsmayberecordedatone
tire,Primaryintere~tininpoafiibleaorin~lngorhigher
Erequncyvibrscoryeffects.

12,13 BOXGirderShear:Shearr08ette8Locatedm Overneaaand
deckofstarboardboxgirder.Eachrecordedindependently;
a toreionalshearintheboxgirdercanbereducedfrom
theneBignzals.

GAGEGROUF3 (RecorderNo.20KodeB)

Chael(s)

1 VetticalBending:FG?ferancesigml.

2 thru13 AfterHatchCorner:Four,three-arm~traingagerosettes
willbeplacedinanathwartshiparrayunderLhedeck
betweenPrame143-144,justforwardoftheafterhouse.
Of inkeresthereisthetransferoflongitudinalstreso
(from●llsourcee--torsion,verticalbending,etc.) from
th.4boxbeamligam=ntstructureinwayof theholdsto
therelativelycompleteandrigidhullatthehouse.
Thegrosshatchcornerstressconcentrationwiilalsohe
evaiumtedportandstarboard,OriginalsuggestiofiofADS,



TABLEII - (CONT’D) .—— -.
Channel(s)

—.--. —-.
I

butthisandfollowinglocationsshowntobeofconcern
inCaliforniamodelworkandBritish,Gorman,andJapanese

! modelandfull-scalerests.
I
~GAGEGROUP4 (RecorderNo.2,HodeC)

‘i%isgagegroup is thesameasGageGroup3,exceptthatthe
rosettesarelocatedatoneofchefollowingpositions:
4

5 RosettesatFrame226-227(hatchtransition)

I 5 Rmetteo atFrame258-260 (ha[chtransition)and

4 RosettesatFrame290-291(aftofWd Deckhoua.a)

I Since GageGroup4 congistsof14rosetteswith3 elementsper
rosettefora Lotalof42separatesign.3is;sow meanswanrequired
toallowforatielecttonoflnputaintothe12recorderchanneln
available.

A patchingwnitdesignatedthe“RasetteSelectiunBOX”(RSB)hag
bpeninstalledin:hestmrboardboxgirderatapproximatelyFrame272.
Thisunittakes.the14rosettesignalsasinputsandby•~anmofpatch-
ingcableallowstheoperatortoselectany4 rosettesasinputtothe
recorder.Thecnlyrestrictionisthatalleiemence,i.e.,theA,B,
md Carmsofanyroset~emustberecordedtogether.

GAGEGROUP5 (RecorderSo,2,ktodeD)

Qwmmel(s)
;~ Vertical Bending:ilefemnceJlsnal.

,3,4,5 CagesfnTransverseWck Girder:Foursin~legagesmounted
atthecornersofa Lransvergedeckgirder,Frames2L2-244.
Oouble-Sbendingingirderusedasmeasureoftorsfonalhull
deflectionatthatframe.SimilartoBOSTONarrays.Or,by
PSUselection,foursinglestraingagesaroundthehullsec-
tionatFr.me240(2top,2bottom)tonea8urestraindis-
tributionatthisIocation.

i,7,a,9 Gages!inTransverseDeckGirder:SaucasaboveatFrame
194-196.

[nadditiontothefourcortv.?rgages,foursdditiona1gingle
elementgageshavebeenplacedatthemidpointofeach
dinensionofthegirder.Four2-elew.sntsheargageshave
beer!installedarthequarterpointsofthetwosidewalls.

TABLE11- (cONCLuDED)
inoomnncrslrttlnrtothe rosetteselectiontcchniquc
itwagafiainnecessarytoselectfouroftwelvesignals
availablefurrecording.31intiui.?a nimilarGirder
SelectionBox(GSB)wasin~talledinthestarboardbox
girderatFrame194.

Theselectia!waBlimitedtothreepossiblecombinations
duetovlrIngandbridgerequirements.
l%ethreepossiblepotche~are:

(1)4 comergageu

(2)4midpolnrgagcm

(3)4 gheargagea

ILispo~nlbletomixnignal~butadditionttlchangesare
requiredmtthesignalconditioningequipment,

10,11,12,13~cs inTrannveracDeckGirder:Sameasnbove●t FI@S
7’d-80,.. -

TABLE111-ADDITIONALDESIGNCRITERIAFOR
THEINSTRUMENTATIONSYSTEM

1------” I
1, TI!emystcmshouldbcgcmlnutmmtic,rindsuftoblcfordnta

collectiononmannedvoyagesduringthe1972-~3andi973-74
operatingseasons. I

2. Thedatashouldbeina formatcompatihlcwithprevioug
investigationstomakenaxinumuseofprogramsrindtechniques
alreadydeveloped.L.---1, Thesystemshouldhavebothflexibilityandcxpanaioncapability
soCIIWasdnttaareobtainedandanmlyzedchangceandad.litions
totheparameter8issnltoredcouldbeaccomplishedwithaminimumI
ofdifficulty,
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B. TransducerCabling

Inorderto connectthetransducerstothejunctionboxesandfromthere
totheinstrumentationconsole,a seriesofIntermediateJunctionBoxes(IJBiS)
wasinstalledinthevicinityofthetransducers.Thistechniquepermittedstandard-
izationofthestrain-gagecablelengthsandconnectionoftheindividualgagesin--
tohalf-andfull–bridgecircuitsintheIJE’s.

EachIJljcarriesa numberandletterdesignation.Thenumberrefersto
thejunctionbox(JB)itfeeds,andtheletterindicatesitssizeandcapability.
ThetransducercablesrunfromtheIJB’stotheJB*salongroutingsselectedto
minimizeinterference,andtomaintainthewatertightintegrityoftheboxgirders
andvariousholdlocations.AllwiringtoJB’sandIJB’shasbeenmarkedtoagree
withthedrawingstofacilitatemaintenance.AllcableentrancestoJB’sandIJB’s
arethroughwatertightfittingswhichalsoprovidethenecessarymechanicalsupport.
Passagethroughwatertightbulkheadsisaccomplishedusingwatertightfittingsof
thetypealreadyinuseaboardthevessel.

IV. INSTRUMENTATIONEQUIPMENT

Aspreviouslystated,themajorportionsoftheinstrumentationsystemare
locatedintheInstrumentRoom(Figure2),withvarioustransducerassemblies
locatedthroughouttheship.A remotemonitorunithasbeeninstalledinrhenight
mate’squarters(05levelaft),whichwillbeusedastheinstrumentationengineers
berthingareaduringmannedvoyages.

A. SystemConsole

Thesystemconsoleisdividedintothreefunctionalareas.Theleft-hand
portionoftheconsole,asviewedfacingtheunit(seeFigure5),containsmostof
thesignal-conditioningandrecordfngequipment.Thelargebox-likeunitatthe
topleftistheProgramStatusUnit(PSU).Thisunitmonitorsallsignalsand
provideslocalcontrolforsetupandtestoperations.Inaddition,selectionof
theinputsforChannels2D,3D,4D,5D,lOA,and11Aismadefromthefrontofthe
Psu.A seriesoflightedindicatorsinformstheoperatorwhichoffourpossiblesets
ofmeasurements(ModesA,B,C,orD)hasbeenselectedforRecorderNo.2,anda
pushbuttonprovidesameansofchangingtheoperatingmodemanuallyduringsetup
andtest.Thetwolargepanelmetersandtheirassociatedselectorswitchesenable
theoperatortomonftortheinputsofChannels1-13onbothrecorders.

Thelowertwo-thirdsof”theleftcabinetcontainsthe50channelsof
strain-gagesignal-conditioningequipment.Thisequipmentprovidesthenecessary
excitation,control,andamplificationcircuitsfor50individualstrain-gage
bridgecircuits.

Becauseonly25separatesignalscanberecordedsimultaneouslyonthetwo
magnetictaperecorders,itwasnecessarytoprovideanefficientmeansofchanging
theinputstooneoftherecorders(No.2). A multisectionsteppingswitch,
capableofoperationeithermanuallyorona timedbasis,wasassembledand
integratedintothestrain-gagesignal-conditioningequipment.

Thecenterportionoftheconsole(Figure6)istheoperationalcontrol
area.Theheartofthesystemisthecontrolpanellocatedinthemiddleofthe
consolebeneaththeclock.ThisunitselectstheModeforRecorderNo.2, and
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713.
providesalloftheindicationsrequiredtomonitorthe
Someofthecapabilitiesofthisunitwillbediscussed
“SystemOperation”.

Beneaththecontrolpanel(alsoreferredtoas

operatto~.ofthesystem.
belowundertheheading

the“Programmer”)aretwo
panelsassociatedwithanadditionalfourchannelsofstrain-gag;circuitry.The
upperpanelalsocontainsthemeterandselectorswitchusedtochoosea triggering
channelforoperationinthe“high-stress”mode.Inaddition,theleft-hand
cabinetofFigure6 containsthefollowingitems:

1.

2.

3.

4.

A visualindicationofrudderangle.

RPMindicatorsfrombothshafts,tobeinstalledinthe
locationdirectlybelowtherudderangleindicator.
TheseP.Hfindicatorswillbeidenticaltotheunitsal-
readyinstalledaboardthevessel,andwillinterfaceto
thesamecircuits.

Windspeedanddirectionindicatorswillbeinstalledin
theotherblankpanel.

Atthebottomoftheleft-handcabinetarevariouspower
suppliesusedtoenergizetransducersandotherelectronic
unitswithinthesystem.

Theright-handcabinetofFigure6 containsawavedataacquisitionsystem.
Thisreceiverandtaperecordermaybeusedlaterin~heprogramtoacquirewave
accelerationdatafromwavebuoys.Therecordercanbeusedforvoicenarrations
duringcalibrationandotherspecialtests.Theotherpanelsofthiscabinetcon-
tainanoscilloscope,vacuumtubevoltmeter,andfluorescentlight.Figure7 shows
anadditionaltapemachineandoscillographtotheright
Theseareusedforreproducingdatatapesaboardshipto
forquick-lookanalysisofthedata.Alltaperecorders
beenshock–mounted.

B. Ship-MotionTransducers

Inadditiontothestraingages,transducersto

ofthemainconsole.
verifysystemoperationand
andtheoscillographhave

measureshipmotionshave
beenplacedinmoisture-tightNEMAType4 enclosuresatvariousIoca;ionsthrough-
outtheship(seeFigures3 and4). Fouroftheseenclosurescontainaccelerometers
andtheirassociatedcircuitry.Eachboxisattachedtoa steelmountingplate
whichhasbeenweldedtotheoverheadbytheshipyard.A hingedcoverprovides
accesstothetransducersandthevariousinternaladjustments.

A fifrhenclosurecontainsangle-sensingpendulumdevicesformeasuring
pitchandroll.Thisunitismountednearthevessel’scenterofgravity.The
specificationsfortheaccelerometersandpendulumunitsmaybefoundinAppendix
A.

c. SignalMonitorandAlarmUnit

Thisremotemonitoringunitisinstalledintheoperator’squsrLersand
allowsmonitoring01L“neselectedtriggeringcharmel,providinganindication,
wheneverthesystem%sina recordingmode.IfLhesystemfsleftinthe“high-
Stress”mode[seeSectionVI)andbeginsrecordingdueLOthepresenceOEa large
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signal,analarmisinitiatedatboththeconsoleandintheoperator’squarters,
andahigh-stressindicatorisenergized.A parallelresetpushbuttonatboth
locationsallowstheoperatortosilencethealarm.Thismoni~oringsystemmust
beturnedONandOFFintheInstrumentRoom,andperformsstrictlyamonitoring
function.

v. TRANSDUCEKS

Thevariousstrain-gagebridgecircuits(describedindetailinAppendixB)
andtheadditionaltransducershavetheiroutputspermanentlyassignedtorecord-
ingchannels.A singlesetofmeasurementshasbeenassignedtoRecorderNo.1,
withnochangesoroptions.Thesecondrecorder,however,operatessequentially
withfourgroupsofinputsignals.Theselectionswerebasedprimarilyongroup-
ingsrequiredtoperfo~thevariousdataanalysistasks.A commonchannel,
verticallongitudinalbendingstress,isrecordedonbothrecordersinallmodes
toprovidea referencesignal.

Allsignalsdesignated“GageGroup1“arerecordedonRecorderNo.1. Gage
Groups2, 3, 4, and5 arerecordedonRecorderNo.2 inModesA,B,C,andD,
respectively.

A. FunctionalDescriptionandChannelAssignment

Table11providesabrief.rationaleforthevarioustransducersinstalled
aboardtheSEA-LANDMcLEAN.Thisdescription,inconjunctionwithFigures3 and
4,presentsa concisepictureoftheoveralltransducerinstallation.

TableIVisa somewhatsimilartabulationbyrecorderChannelandMode
whichgivesadditionalinformationastotheavailableoptionsandmethodofselec-
tioninthosecasesinwhicha recordingchannelmustrecordmorethanonemeasure-
mentt. TableV providesa listingofthevarioussignalsandtheirequipmentasslgn-
ment. Thisinformationisrequiredforthesetupandtionitoringofexcitation
levelsandamplifiergains.

B. NeutralAxisandCenter-of-GravityLocations

Thereisfrequentreferenceinfiguresandtablestogageslocatedatthe
neutralaxis(NA),inparticularforthesheargagesaftatFrame87-88,forwardat
Frame265-266,andamidshipsatFrame186-1/4.Thefollowingaretheneutralaxis
locations:

Frame87-88:
Frame186-1/4:
Frame265-266:

Forpracticaluseatthe

10.8metresabovebaseline
8.8metresabovebaseline
11.6metresabovebaseline

timeofinstallation,thesebasicdimensionswere
changedtodistancesabovethetanktopateachlocationbysubtractingthetank
topheightsabovethebaseline:

Frame87-88:(DeepTankNo.4) TankLop8.37 metresABL
Frame186-1/4:(DoubleBottomNo.4)Tanktop1.86ruetresA8L
Frame265-266:(DoubleBottomNo.2)Tanktop1.86metersABL
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TABLEIV- RECORDERCHANNELASSIGNMENTS
NO.1 RECOROERCHANNELASSIGNMENT- 0NL%MODE—

CNANNELI PUNCTIOS+ 1 OPTIONS

1 LongitudinalVerticalBendingStress

5 I Pitch

6 IHUH Accr2,.Hid.vet-t. I
? HullAccel.Kid.Trnns.

8 HullAccel.Fwd.Vcrt.

Z#====dImwitudinalHorzBendingStresm

12 ShearFvd.-Port
13 ShearFvd.- Stbd.
14 ICompensation 1

TABLEIV- (cONT

!loNs

u

A

R

b

u

I

R

E

D

HSTNODm SELECTION

NO.2 SICOSDERCIL?J.XELASSIGNlfiNT- “A”MODE

2 Long.GageStbd.Deck
(stress)(TOP)

3
I
Long.GageStbd.N.A.

(Stress)(Mid)I

+===

6 Long.CagePortN.A.
(Stress)(Mid)

7 Long.GagePortBottom
(Stress)

8 Shear-Aft–Port

9 ,Shear-Aft-Stbd

OPTIONS METNCDOFSELEL’TION

hy2byCoaxPatchcmPsu
(PatchStatusUnit)

WIICIIRecordingWaveHetghkPWD
Acceleratiormaredesired.
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TABLEIV- (CONT’D)
NO.2 RJCOP.DERCNANNELMSICNHENT- “B”MODE

CHANNEL FIINCTION OPTIONS

1 LongitudinalVerticalBandingStress

AftRosettes:—.—

2 No. 1 ElementA NONE
3 No.1 ElementB H

I 4 No.1Ele@ntC Ii

5 No. 2 ElementA R

6 No.2 ElementB D

! 7 No.2 ElementC
wa No.3 ElementA
I

) 9 No.3ElementB
R

10 No.3 ElementC
E

11 No.4 ElementA
D

~ 12 No.b ElementB

13 No.4 ElementC

[ ,4 Compensation

TABLEIV- (CONT’D)
NO.2 RW.ROERCIIASSELASSIGNWSNT- “c”MQDE

I CHANNELI 1 OPTIOSS

1 1 Long.VerticalBendingStress --

Any4 of
14FwdRosettes
waybeselected

~-R4l%290-292

R5-~FR258.260

‘1O-%4FR226-221

12 Ko.4 Ekm$ntB

13 No.4 ElementC I
I1 G

14 Coclpellsatlm
——

tSEIHODOFSELECTION

NETHOIIOFSELECTION-

Selectedbyconnector
pntchinRosette
SelectionBox(RSB)
locatedinotbdtunne’
nearJunctionBox5
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TABLEIV- (cONCLLtDED)
NO,2 SSCOSJERCH&WWLASSIC!WIENr-“D,*MODE

—.——
CHANNEL, FUNCTION OPTIONS METNOGCFSELECTION
1 Long.VerticalBendingStream

.—

——
TransverseGirder:

2 FwdP:o.1 Hulllmng.GageStbd- Top NO position selector Owitchon

3
ProgramStatuefhit(PSU)

Wd No.2 HullLong.GogeSthd- Bottommelccta4 ninglestraingagea
aroundhullatl% 290

h FvdNo.3 HullLon8.Gap,@Port- Top

5 Wd No.4 HullknE.GagePort- fhtt~

6 MidSelectedNo.1
My 4 of12Bignnlm,8 mitlglu

7
Selectedbyconnectorpatchin

NidSelectedNo.2 gagtamnd4 mhcmromcttcmin GirderSelectionBox (MB)
transversegirderF% 194-196

8 MldSelectedNo.3
lma~edinstarboardt“rtnelat
P% 194-196

9 }[idSelectedNo.4

10 AftNO.1
11 AftNo.2

12 AftNo.3

13 AftNo.4

14 C0mpcn9ation

TABLEV- SIGNALCONDITIONING
50CILAWSLEQUIPMENTFUNCTIONASSlGNHENTSP.SCOP.MRNO.”2

—
~
o

—
1

—

P09iti0
o

1

2

3

4

5

6

7

8

9

0

1

2

3

4

5

6

7

8

9

TB—
1

2

3

4

5

6

7

a

9

10

—

lL

12

13

14

15

16

17

18

19

20—

Amplifie
1

2

3

4

5

6

7

e

11

12

1

2

3

4

5

6

.7

8

9

10

~
2A

3A

4A

5A

6A

7A

8A

9A

.2A

,3A

—

2B

3B

LB

5B

60

78

BB

90

OB

lB
.—

Functlo~
Long.StressGageStbdTop (LSTS)

Latig.StressCageScbdMidStresn (LS.?lS)

Lung.StressGageStbdBottomstress(LSBS)

Lang.StrfisGagePartTop (LSTP)

Long.StressCagePore?fid (1.SW)
h’!g.StressGagePorrnotcom (L5BP)

ShearAftPort (SM)

ShearAftStbd (SM)

BoxCirderShemrTop (WST)

BoxGirderShearnettom (BGSB)

AftRosetreNo.1 A

B

c

No. 2 A

B

c

No.3 A

B

c

No.4 A



TABLEV - (CONT’D)

————
Rick

2

3

4

Position

o

1

2

3

.4

5

6

1

8

9

0
1

2

3

4

5

6

7

8

9

0
1

2

3
c!

5
—...

TB

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44
65

46
..-.—

1

2

3

4

5

6

7

0

9

10
11

12

CH

128

1313

2C

3C

4C

SC

6C

7C

ac

9C

10C
1112

12C

13C

2D

3D

4D

SD

6D

70

an

9D

100
IID
12D

13D

lknction

B

c

FwISelectedFa8etteNo.1 A

B

c

No.2 A

Ho.3 A

B
-—--

c
Ho.4 A

!3

c
—

or
bd lid1Lon8.CageO No.2
on Psuswitch

No.3

HidSehctedTranB,No.1
Girderat.GSB

No.2

110.3

Ho. 6

TransGirderAft No,1

Ho.2
No.3
No.4

TABLEV - (CONCLUDED)

TRack Position TB——

.4 6 47

3 48

0 spare 49

Amplifier CH Function

13 1 Long.Vert,BendingStreos
(BothRecorders)

14 11 Long.Horiz.BendingStress
;RecorderMO.1)

15spare

4-CWWNELSACKRECORDER!40,1

Liiii.E2Gw,=
L 1 1

2 2 2

3 3 3

-s. —=__.>_ _.

4 spare

-—.,—. ..—. ....... ——,

+===--i
12I IkShearFwdScbd

13
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IHstancesfromthetanktopstotheneutralaxis,therefore,are[infeet):

Frame87-88: 7.9 feet abovetanktop
Frame186-1/4:22.76feetabovetanktop
Frame265-266:31.94feetabovetanktop

Duetotheerroneoususeofthewrongtanktopheight,thesheargagesat
theaftlocationwere placed18.2feetabovethecalculatedleveloftheneutral
axis.Thedatafromthesegageswillbemonitoredcarefullyandcomparedwiththat
fromtheotherverticalsheargages.

Itwasoriginallyplannedtolocatetwotransducerboxesattheloaded
center-of-gravityofthevessel,399.32feetforwardoftheaftperpendicularand
42.65feetabovethebaseline,inHoldNo.7. Sincetheremustbesomestructure
presenttowhichtoattachtheboxes,theforwardsideofFrame178wasselected,
inHoldNO.6; Thislocatfonisaccessibleunderallconditions,andiscompatible
withplannedcableroutings.ThelongitudinallocationofFrame178is31feet
fartherforwardthanthetrueloadedcenter-of-gravity,andtheverticallocationof
thetransducerboxesis5.5feetlowerthanthedesiredheight.Inaddition,trans-
ducerboxeswhich,ideally,shouldbemountedonthecenterlineareslightlytoport
becauseofinterferingstructure.Correctionsfortheactuallocationsofthese
transducerboxeswillbemadeduringdataanzlysis.Exactboxlocationsare
tabulatedinTableVI.

c. TransducerSummary

Thefollowingsectionsandthe
nds completely.TableVIIIllststhe

datatnTablesVIandVIItdenttfyallsig-
abbreviationsusedinthetablesandtfgures

toidentifyeachsignal.Whenmorethanonesignalofa type%sused,a number
desfgmationfollows,as,forexample,whenfourgagesareinstalledaround.a t_fans-
versegirderlocation.Inthecasewheretwogagesarewiredintoa shearordyad<c
configuration,oneof.severalmeansofidentifyingtheIndividualgages%sused.In
somecasesthegagesareidentifiedastheforward-oraft-orientedcomponentrela-
tivetotheship.Iforientationisalonga horizontalaxis,thegagesareidenti-
fiedbya “T”or“E”for“top”or“bottom”component.Inthecasewheretwoshear
stress‘configurationsarewiredtoforma completebridge,an additionalnumbering
systemhasbeenappliedidentifyingthegagesbynumberandbylocation,eitherport
orstarboardside.

Whengageshavebeeninstalledtoforma +armrosettetheelementsare
tdentffiedbythelettersA,B,andC. Inallcasesthe“A”componentisoriented
fore-and-aft,the“B”componentata 45-degreeangletotheleft(counterclockwise),
andthe“C”
theleftof

1.

eachstrain

2.

componentinanathwartshipsdirection45degrees(counterclockwise)to
the“B”component.

~

TableVIIsummarizesallofthepertinentinformationassociatedwith
gagesignal.

TransducerSignals

TableVIprovidesa completetabulationofthecharacteristicsofEhe
varioustransducerassemblies.Pertinentelectricalcharacteristicsarelistedas
wellastheexactlocationofeachtransducerbox.Calibrationsignalsforthese
devicesareobtainedbygeneratinga fixedvoltagelevelattheconsoletosimulate
transductiroutputofa knownvalue,andusingthisoutputtosetupthevariousre-
cordingchannels.
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Jwsed 1/1!
‘franaducer b_ ,——.-.—+.-*5~’z !.50Voc

“ABLEVI- TRANSDUCERINFORI’4ATI0
si~al Location—- -“-,,=:,. ... ,_j-v_—— _ —.—_.—.. ...._=

SntraYodel1000
Six072Accdmc-
!ueter

I

ForwardDeckhouse
TransverseAccmlei-otim

I

Aft Decktmusc
‘lm-wvcrscAccnlernt?on

26” R./dof FR116
26” to Fort of #
39’ 11°’AboveTahkTOI

smle

HumphrcvPPtIdu)Mm
.%OdclcP17-0601-n
SI?JH3390
Humphrey~WldUh~
ModelfX17-0601-l

‘SIN 112075
—-

Circuit
MPP.B]

n

3

2

4

=4

1

5

5

5

5

5

5

.3

4

4

4

$Iimd

?corderNO.1
WBP/LVBS
TSWITSMS

LWdF/LHBS

SFP

SFS

Xm!md Locatim

1,

Portand6Cbdaideshell
Ho7d6,N.sL,FE1861/4
Ports!deshcll,Hold4
FR265-266
scbdaidcshull.Hold.4
FR265-266 ‘

I

8.200

8*2?3O

5.2bo

8,240

8●24Q

8.ZLO

8,240

5,om

5,000

5,000

5SmO~

reorder?iO.2
LVEP/LVBS

LSTS

m

LSBS

UTP

LSKP

LSBP

SA2?

S&

MST

BGSB

30W!

154X

15.4K

154K

154K

15AK

154K

1.i3K

1.S3K

143K

1431C
—,—

lA,B,C,I

2.4

3A

4A

5A

6A

7A

8A

9A

12A

13A

Overhemd,port andscbd
tunnel,FR186lIL
Ovmrhend,mcbdtunnel,
FS1861/4
Szbdsideshell,Hold6
N.A., FR1861/4
Scbd$ideshell,Hold6,
rmmrbottom.FSLS611.4
C#r&d;4p0rttunnel.

Portstdeshcll,Held6,
H.A., FR1B61/4
Partmideshell,Hold6,
❑earbottom,FR186 lf4
Portsideuhcll,Mold9,
18’aboveV-A.,FRB7-88
Stbda$dcshcll,Hold9,
lB’aboveN.A.,FR87-88
Overhead,stbdtumid,
Ts 186114
Deck,stbdtunnel,
FR@ l!~
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TABLEVII- [CONCLUDED)rSignalAUA,B,C,

AF2A,B,C,

AR3A,B,C

AU4A,B,C

R2FA,B,C,

B2FA.6VG0

R3FA,B.c

R4FA.B*C

R5SUVE,c

S6FA,B,C

I,UFA,r3,C

SSFA,3,c

RSFA,E,C

R20FA,%.t

RIWA,B,C

FJ2FA,BPC

IU5S-T

HLSS-B

HLSP-T

HLSP-B

TGH=1x,2x,
3x,4x,

TGSS-IX,2X,
3x*4x

TGAS-1,2,3,4

Channel

2B,3B,4B

5B,6B,7B

W3,9B,1OB

HB.12B$13B

2CB3C,4C

5c,6c.7c

ac*9c*u3c

11C,12C,13C

2D- m.

2D

3D

&i?

5D

6D- W

611-SW

6D- 9D

10s2- 13D

Location

Portend,trwwversc
girder,m 143-144

Stbdend,transverse
girder,FR143-144
Stbdmnnel,inboard,
PR143-144
Stbdtunnel,m tboard,
PR143-144

Overhmd,port hatch
COl?lSEr,Hold2,m 290
O.mrhead.atbdh4ech
corner,i!oli2, El290
Ou@rhead,cebdCklnnel,
inboard,FR290
Overhead.~tbdtunnel,
outboard,FE290
OvmfwLd.ZYaa.g%rdcr
itbdend,FR25E-2&0
Overhead.tram.gfzde~,
stbdrend,?R252i-260
Gw?rPIeaa,treas.Z!:dmr,
●cbdm-d,m.258-260
Owe<acad,mbd tunnel
inboard, FR25E-260
Ouwhead,stbdtunnel
mithozrci,R 25S-260
Vverhead,tmm. girder
urbd end,FR226-227
werhead,tram.girdm
atbd ado ?R226-227
Overhead,tram. g;rdw
Btbdend, ?R226-227
werbaa,stbdt~~~n
inboard, FF.226-227
3vcrhcad,stbd mmi’iel
wtboardFlt226-227
Stbdnlde,tram.girder
FR242-244
Stbd~ide,topHold3
aftm 290
StbdLliclcobottom,Hold
aftm 290

Port SM.?, top, l%nd 3
aft Fu 290
Port side,00ttm,Hold
aftFR290

?mbdcd tram. gitdero
m 19G-196

Seb.doide,tram..qirdur
FR7B-EO

Calibration
esistorlevel
(ehw) (psi;
182x 10,00{

IB2K 10.00(
182K 10,00(

182K 10*OCN

!$2X 10.000

182K 10,OCW
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TABLE
_
AR
BGSB

BGST

}lLSF

HLSS

LHBP

MB>

LSBF

LSBS

LS!fP

LSK

L!5TP

MTs

LVBF

LVBS

Rl-l&F

SAP

SAS

SFF

sFs

TGAS

TCFS

TCX5

TCSS

TS)@7

TSHS

3. ShipParameters—.

-LJ-

VIII- SIGNALNOMENCLATURE
Ilcalli,:g

Aft Rosette

Box Girder Shear Eottoc

Box CirclerShe.zITop

Hull Longitudinal Strain P.rt

[lull Longltud.inzl Strain ‘,r~rho.~rd

Longitudinal

Longitudinal

LaP.; ,zu?i IIal

LOti$iLudi>al

Lonzitudlnal

Lo?.p,itudinal

LonglLudinal

Longitudinal

Losgitudinnl

Longimdinal

Rosccte 1–lL

Horizontal !cntilne Port

Horizontal 3vndlng Starboard

Srress Botcm ?ort

Stress BottoE Stsrboard

Stres5 Mid Pore

Stress Y4d 5carboard

Szress TOPPort

Str,,~ Top Starboard

Vertical Bcqdlng Port

‘&’ertical BendingStarboard

Forward

She,~rA[c Porr

Shrar Aft Stmrboard

Sht’ar FowaYa Port

Shear ?orvard Stcrboard

Tra>svcrsc Circler Aft Starzoard

Transverse Circler Forwr6 Srarboard

Tr:iasvsrse Girder Hidshin Ztarboard

Tra>5ver5e Girder Shear <carboard

Tnrs Ioval Shear ?id Fort

Tnrsiocai Shear Xid Starboard

Severalshipoperatingparameterswillbemonitored
toa commondatachannelcmRecorderNo.1. Thefollowingisa
oftheinstrumentstobeusedtoprovidethesesignals.

andmultiplexedon-
briefdescription

a. RudderAngle

A FIose-HcCannModel27Rrudderanglerepeaterhasbeeninstalledin
theconsole,A modificationtoitsmechanicallinkagewasmadesothata potentio-
metercouldbeattachedthrougha shaftcoupling.Therepeaterisenergizedfrom
theexistingrudderangletransmitter,andthenewpotentiometerprovidesonlya
slightadditionalshaftload.

Thecenter-tappedfour-armpotentiometerisexcitedbya DCvoltage,
andthepolarity–sensitiveoutputisproportionaltorudderanglesignal.The
visualdisplayallowstheoperatortomonitorthisfunctionforlogbookentries.
Theexactlevelstobeusedw%llbereportedaftersomeoperationalexperienceis
gained.
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b. ShaftRPM

TwoHenschelpropellershaftRPMindlicators~identicaltounitsin-
stalledelsewhereontheship~willbetnstalledintheinstrumenta~ionconsole.
Theseunitshaveanoutputscalefactorof6.0voltsper100RPM.Thevisualdis-
playsarecalibratedat}50-0-150RPM.Each indica~orwillprovidea DCvoltageto
themultiplexerproportionaltoRPM.Thevisualdtsplaypermiustheoperatorto
monitorthesefunctionsat alltimes.

c. WindSpeedandDirection

A windspeedanddirectionsystemwillbe<nstalledwhenscheclzling
permits.ThesystemW$IIbetheBendixAerovaneSystem~modifiedtoprovideoutputs
suitableforrecordingonmagnetictape.Bo~h%ndicatorswillbe installedona
consolepanel.Thewindd%rectio~ind?catorwillprovidea zero-to-360degreedis-
play,thecardinalpoints<ndicated.TheDCoutputwillbefromzero‘co3.6volts.
Thewiadspeedindtcatorwillhavea rangeofzeroto120knotswith21-nelectrical
outputoffromzeroto10voltsDC.

d. course

Thefinalopera~ingparame~ertobemeasurediscourse.Theorigi-
nalintentwastoobtainthissignalfromthegyrosystemandrecorditont,he
multiplexchannel.However,thegyrosystemaboardtheshipispresentlyhandlfng
itstotalrepeatercapacity,andthereisaoway to obtain a coursestgnalw<thout
ins’calltnganadditionalgyro.

Sincetherealreadyextstsa stripchartrecorderas part of the
gyro system,courseinformationwillbeobtainedfromtheserecordsaftertheyare
nolongerneededbytheship.Coursedatawillbeenteredviapunchedcards ifito
thecomputerprograminamannersimilartothehandlingofotherlogbookdata.

VI. SYSTEMOPERATION

Thissectiondescribesthevarious
meansbywhichsignalsareselectedfor
mentationengineer,orsystemoperator,

operatingmodesofthesystem,and~he
recording.Beforeeachvoyagethefnstru-
willbegiveninstructionsas‘cothesignals

toberecorded,andanychangestobemadeduringthevoyage.Theseinstructions
willbebasedonanalysisofpreviousdata.Theoperatorwillmaintainanaccurate
logofsystemstatusandperformance.

A. SiEnalSelection

Theoperatorhasseveralmethodsbywhicha selectionofsignalscm be
made.Thesearepresentedherefora conciselistingofhischoices.

1. ProgramStatus

a. Bycoaxial
fourdeckhouseacceleration

Unit(PSU)

patchcables,theoperatorselectswhichtwoofthe
signalshewillrecordonChannels10Aand11A.

b. Bypositioninga selectorswitchonthefrontpanelofthePSU,
theoperatorselectswhetherhewillrecordthefourcornersignalsfromthetrans-
versegirderatFrames242-244,orthefoursinglestraingagesaroundthehullsec-
tionjustaftofFrame290onChannels2D,3D,4D,and5D.
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% 2. GirderSelectionBox

Inthegirderselectionbox,starboardboxgirder,theoperator
selectsviapatchca~leswhich
versegirder
Channels6D,

3.

atFrames194-196
7D,SD,and9D.

RosetteSelection

fourofthetwelvesignalsavailablefromthetrans-
hewillmonitor.Selectedsignalsarerecordedon

Box

Attherosetteselectfonboxes,alsointhestarboardboxgirder,the
operat;rselectswhichfourofthefourteenrosettegagesins~alledwillberecorded
duringthe“C”modeonChannels2 to13ofRecorderNo.2.

Anyoralloftheaboveselectionscanbechangedduringthevoyagebythe
operatorwitha minimumofdifficulty.Logbookentrieswillbemadewhenanysignals
arechangedanda listingofallsfgnalsrecordedwillaccompanyeachreelofdata
tape.

B. SvstemOneratin~Modes

Beforediscussingthevarious
isusedforalloperatingmodesshould

operatingmodes,thedata’q’ia-terval”which
beexplained.Tofacilitatedatasfialysis

andtoconformtoprevio&standardsthedatainterval(orrecord)lengthwillbe
30 minutesofrealtime.Thefirstminuteofeachintervalwillbea “zero”
perioa.DurLhgthisperiodallinputsare removedandthevariousanplifierout-
putsarerecordedforfuturedeterminationofsystemnoiseandDCstability.The
secondminuteoftheintervalisusedforcalibration.Variousmethodsdescr%bed
inAppendixB-generateoutputsignalsatpresetlevels.fiisinformationisused
inanalysisfordatascaling.Tofacilitateautomaticdatareductionthecalibra-
tionlevelisnotconstantduringthewholecalibrationperiodbutratheristurned
ONandOFFlotimesduringtheminute.Thismodulationofthecalibrationsignals
providesa meansforidentifyingthesesignalsforthedataanalysisrouttnes.
Duringtheremaining28minutesoftheinterval,dataarerecordedinnormal
fashion.Bothtaperecordersoperateat0.3inchespersecondusiagfrequeccy
modulationtechniquesinordertoobtaintherequiredlow-frequencyresponse. Data
bandpass~.sO to50Hertz.

1. Automatic

Theprimarymodeofsystemoperationfsthe“Automatic”mode.me
systemisplacedinthismodebytheoperatorshortlyafterleavingportandit
generallyremainsinthismodeuntiljustbeforere-enterfngport.Thepurposeof
havinganautomaticmodeistoallowfora statisticalsamplingofdatabasedona
knowntime-separationofdatatntervals.~-esystemhasbeenadjustedfnitizllyto
starta data-takingperfodeveryfourhours.Becauseofthegreatnumber02sfgnak
tobemonitored,thesystemrequiresfour30-minuteda~aintervals‘corecordat
leastoneintervalofallchannelsassie~ed.

RecorderNO.1 recordsthesameinformationforthetourintervals.
RecorderNo.2 isautornat<callyswi~chedtoa differentsetofsignalsforeach
intervalsndthusrecordsModesA,B,C,andD. Afte~thefirstfewvoyagesitis
anticipatedfhztthenumberofsignalscanbereduce~andconsolidatedo=ModesA
andB. Thedatasampling,therefore,canbeEora periodofonehourofeveryfour
Insteadoftheinitialtwooutoffour.IntheAuEoms~icmode?nooperatorfuF.c-
tioasarerequiredotherthantomakelogbookentries,insureproperoperation,
andmaintai~~anadequatesupplyoftapeonbothrecorders.
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2. Manual

Thesystemisplacedon“Manual”orcontinuousrecordmodewhensea
conditionsaresuchthatdataisofpar~icularinterest.Inthismodethesystem
willcontinuetocyclethroughtheA,B,C,andD recordermodesuntilresetto
Automaticorshutdown.ItfSgenerallyadvisabletogointo t~ls ~ode v~en sea

statescorrespondtoBeaufortNumbers7or8,andtocontinuerecordingwhiledata
isatinterestinglevels.Ttismostimportznttowatchtapeusagewhencmmanual,
forthetwotaperecordersarerunningcontinuously.

Inordertoprovideameansforinitiatinga reco~dfngcycleonly
whenhighsignallevelsarepresent,a “High-StresstPmodewasincorporated<nto
thesystem.Inthismodethesystemisenergized,butnotrecordinguntilthe
selectedsignalexceedspresetlimits.Oneoffivesi~nalsmaybeselectedfor
thistask:

1) Longitudinalverticalbending
2) Longitudinalhorizontalbending
3) Midshipstorsionalshear
4) Shearforwardport
5) Shearforwardstarboard

Thesignaltobeusedasa triggerisselectedbymeansofa five-position
sw?tchonthecenterpaneloftheoperator’sconsole(seeFigure6).Thesignalis
thendLsplayedonthelargepanelmetertotheleftoftheselectorswitch.Bythe
useoftwoadjustablelimitarmsettings,theexactlevelatwhfchrecordingwill
beginisdeterminedbytheoperator.Onceoperat?onhasbeeninitiated<nthe
high-stressmode,recordingwillcontinueuntilthesystemcompletesa “D”Modein-
tervalofrecording.Thesystemwillthenswitchintothe“A”mode.Iftheh<gh-
stressconditionsttllexiststhesystemwill’gothroughanothertwo-hourrecord
cycle.Ifthehigh-stresssignalisnolongerpresent,thesysremwillrever~to
a standbymodeandceaserecording.

The“High-Stress”modeisfrequentlyusedasa standbyconditioninwhich
allportionsoftihesystemarereadybutnoactualrecordingtakesplace.

VIZ.ADDITIONS*

Plansarebeingmadetoaddseveraladditionalfeaturestotheoverallinstru-
mentationsystem.

A. OceanVaveHeightRadarSystem

Ofprimaryinterestisameanstomeasurewaveheightduringrecording
cycles.An“OceanWaveHeightRadarSystem”(OWHRS)isbeingdevelopedundersepa-
ratecontrac~bytheNavalResearchLaboratoryinWashington,D.C. Uponsuccessful
developmentandinstallationofthisdeviceaboardLheSEA-LANDMcLEAN,waveheight
informationwillberecordedononeofthedatachannelsofRecorderNo.1.

TheOWHRSmeasuresthedistancefromaship’sdecktothenearbyocean
surface.Thesehigh-resolutionrangedatawillbeusedalongwithshipmotiondata
gatheredbyinertialsensorstodeterminetheheightoftheoceanwaves.Theprin-
cipalcharacteristicsoftheOWHRSare:

* Note:Subsequenttothedraftingofthisreport,thethreesystems
describedinthissectionwereinstalledandoperatedsa~isfactorily.
Thesesystems,andthedatacollectedthereby,willbethesubjectsof
separatereports.Ed.
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Wavelength
PulseWidth
PulseRepetition
PeakPower
AntennaD<ameter
AntennaBeamwidth
ReceiverNoiseFigure
RangeResolution
DataRate

3 Centimetres
2 Nanoseconds
10KHz
100Watts
60 Centimetres
3.5Degrees
8 dB
30Centimetres
100Hz

Thetransmitter-receiverwillbemountedbehindtheparabolicantennaat
theoutboardforwardcornersofthewingofthebridge(03level).Thecabine~con-
tainingpowersupplies,timingcircuits,andsignalprocessingcircuitswillbe
locatedinsidetheforwarddeckhouse.

Theantennabeamwillbedirec~edinazimuthtobeperpendicularcothe
bowwake,andinelevationtobe70degreesbelowthehorizon.Theoutputanalog
rangesignalconnectstothebridgejunctionbox.

Asa supplementtotheOWHRS,itisplannedtoinstalla TuckerWave
Meter. Thisdeviceconsistsofpressuretransducersandaccelerometersmounted
belowthewaterlfneportandstarboardamidships.Thepressure transducerssense
theincreaseanddecreaseofpressureduetowaves.Shipmotionsaresubtracted
automaticallybytheaccelerometers,resultinginanotitputanalogsignalpropor-
tionaltowaveheight.

TwomechanicalscratchgageswillbeinstalledontheSEA-LANDMcLEAN
adjacenttothemidshipverttcallongitudinalbendingstressgages.Thescratch
gagesconsistofsimpleextensometerswithmechanicalamplificationwhichcause
a stylus‘comakeamarkonsensitivepaper.Overa givenperiodoftimethetotal
strainrangeexperiencedisindicatedbythelengthofthelinescratchedonthe
paper.A battery-drivenclocka~dmotormechmismthen s~eps thepaperaheadfor
thenexttimeinterval.

ScratchgagedatafromtheSEA-LANDMcLEANwillbecorrelatedwithelec-
tricalstressdatafromtheinstrumentationsystem.Oncetheproperrelationship
isestablished,measurementofthelengthofthescratchedlinewillestablishthe
totalstressrangeexperiencedduetoallcauses.A scratchgagewillbei=s?alled
aboardeachvesselinthesL-7classtogather,quicklyandinexpensively,many
ship-yearsofstressdata.
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LINEARACCELEROMETER
Illlodel100

INTRODUCTION

SETRA’S linear accelerometerPModel100 is a
uniqueconceptIntransducerdesigncombiningthe
salientfeaturesof manytypesof accelerometers,
Poweredby dc excitalion,Model100producesa
high leveldc output signalprogoflionalto the
sensedaccelerationveclor.The transducerFaith
hlly respondsto inpul stimuluslromsleedystale
up to d>enaturalFrequencyOFtheseismicsyslem.
Thegassqueezef[lm dzmplngiasuresa reasonably
constant amplitude responseowr the entire
tempwatureran;eof –65 to +250F

DESCRIPTION

Model100accelerometerisusedin muchihesame
way as a straingagetransducer.Both typesof
transducersarefour terminalnetworkswhichcan
be$roundedat only onepoinl, eithEral an input
or at anoutput terminal,but not at bothpoints.
PowersupPlyrequirementsare alsoidentical.A
singlesuppfycanbe u=d 10exciteoneor many
trmsducersin paralIel:A?theoutputferinirmlsThe
Model100 accelerometerdelIwersapproximately
100 timesthe output signalvolt%geand10,000
[Imeslk,eou~putpowerofa straingagetransducer.
l$$mseandpowerfrecuenc,,,pickup problemsare
virtuallynonexlstenlwhenusingthisinstrument.
Readoutequipmentrm.uiredfor thehlodel100m
extremelysimple,anythlnyfromavoltmeterto an
oscilloscopemaybe used,Theoutputcanbeu:ed
to power a control loop or a relav wilhou*
amplification.Signal Transmissionby cableto
remotereadoutequipmentisquitesimplebecause
of the high po,,.:erlevelOFIhe oulput signal.
Specialcablewlih controlledcapacitanceISnot
requiredasisolten (i,ecase,:dithsomeothertypes
of accelerometers.

~“..,, ,),,,,0,,,,,., ,,, m),,,LC.m,n.,r,.r. r“,,, ... h>”,a,,mr”.., . . . . . . .. .

FIGURE-A-l-B
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APPROXHALFSC.MJI

FEATURES

Theoutstandingieaturesofthehlodel[00 include:
● Responsetoslead~;slateacceleration.
e HighnaturalFrequency.
e HighoutputsignalVOItagewuthlowoutput

impedance.
* DCm!tpulwtthdce.wtalion.
e Temperatureinsensitivedamping
● Higho,’er[oadcapabllity.
e Compact,lightweight.
o Lowcost.
9 Lowexcitationpo,.verrwulrement.

OPERATING PRINCIPLE
The nonpendulohlszccclcrdllrmsen<orcons,zts of
adlllcrenll.,1ck:ilk,c,[or t. rQl,IL!>:kc m,,vln,lr>l~l,:,5
constrairmdlo wcI)lm!,.M n.vl,on hrtv?,:n two
fixed platesby a umqu?systemO( Ilexurr?s.A new
principleof ?ransductlon”uti!nzlngthe most ad.
vanccd integratedcIrcuilry and solidwale com-
ponentsresultsin a cmnpoctdesignwith a high
degreeofaccuracyam rehLIbIIIIV.
Becauseof rhc umciucdm:qn01 tlm acceleration
sensor,thetransduceris com[>lv[elvimmune m
dzmagecausedby smtic overla?d.Th9 wrmor 15
mountedin the stainlem$!EMinstrumenthousing
in a wav ihdt isolales it from me eFl?ctsof
mountingstrainand thermalshockand yet does
not imr>dir !he Wansmjsmmof lhe hlghesl
frequencfles
.,, !..,. ..”.,.-,

5TANDWI0 MA%I1.,”M APPROXIMATE
ACCELERhTlON 5TATic P4A,”RAL

!lAfdGES ACCELERATION FRt12uEkCY

I-tfl

PERFOFfh7At4CESPECIFICATIONS
Ranws ., . .. ...... .... . ilglo17C13j
D,f%llonofsonntlvnlv .... .. .... ... ... Perr+ndncular10Iheb=,
TrmwcnaAccdcratm>RCIPO.U. ........... ........... <0.Olg’w
Damping GmmuwzeIulrn0.7* 0,1of.midc+tM77F. Ram Ix.. . . ... ... ................ ..........

approximately15%1WF.
E.catatIon” . .. .... . ... ... ... ...... ... . Ova[fsdcalanurox20ma.
FM IT*YO.mut ................ Aprlro.: 1.5,011%‘“
Outputlmwdanu . .. . .. .. .. ... . AoprowdOO!?
Z*rohlPut . . .. ... .. . ... ... .. ...... .... . < + 150m.al77Fwithzero~cskration
AmimmtTemperatureLmm .. .. .. . ... .. ... . -65Fto+250F.
Thermali?@IOsh,ft . ... . . . .. ... .. .... <z%ol furlrangei100FIrom-65Fto+250F
ThermalCoefimmcofSenmtww,, ... .. < l%ofW! rang%100F:mm-65F!. .250F,
CnmbinedFJon.Lmear#wandNgsrtresrs <0 ?5%of!.11IanqeOUIP.7.
ElectricalC.rmftlmns . ... ... .. .. TwOfeelof4sondtirlorshceldcd-blelsh,eldqround
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APPENDIXB

STRAINGAGEBRIDGECIRCUITSANDRELATIONSHIPS

GAGECONFIGURATIONS

Thesingle-elementMicro-Dot
hasbeenselectedasthestandard
tern.Gageswithcablelengthsof

straingage(seespecificationsinAppendixA)
sensingelementfortheSL-7InstrumentationSys-
10,25,and50feetwereutilizedinthesystem.

Thegageelementswereusedinsixconfigurations:

CircuitNo.1 (FigureB-l):DyadicPairs,PortandStarboard,OppositeArms

Inmanyapplicationsinthissys~ema stressgageratherthana straingage
wasrequired.Inordertoobtainanequivalentstressgageeffectandat the same
timeusethestraingageelements,twogageswereplacedinthedyadicconfiguration.

Theoperation
ofinterest.This

where9 isthe

Circuit1

cons<stsofplacingeachstraingageatanangle28”totheaxfs
anglewasobtainedfromtheequation

l-p
Cos2@=m

anglebetweena gageelementandP = 0.28,Poisson’sratioforsteel.

wasusedfortheLongitudinalVerticalBendingStresssignal.With
theactivearmsoppositeeachother;theverticalcomponentsoflongitudinalbending
add,andthehorizontalcomponentssubtract.A completediscussionofthedyadic
gagemaybefoundinanarticleentitled“TheDyadicGage”bySidneyB.Williamsin
theproceedingsoftheSocietyforExperimentalStressAnalysis,VolumeI,No.2,
p,43(1944).

CircuitNo.2 (FigureB-2):DyadicPairs,PortandStarboard,AdjacentArms

ThiscircuitissimilartoCircuitNo.1. ByputtingCheactivearmsadjacent
LOeachotherthehorizontalcomponentsoflongitudinalbendingadd(sincetheyare
ofoppositemechanicalpolarity)andtheverticalcomponentssubtract.
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CircuitNo.3 (FigureB-3):Shear,Full-Bridge

I

&,,’,,

Iftwosinglegagesareorfenced90°to
axis,theninthepresenceofpureshearone
compression.Thisfacthasbeenusedinthe
B-3B-3.Thetwogagesarearranged
shearsignalalongtheconmuonaxis.
starboard,arecombinedasshownin
shearisobtained.Bychangingthe
shearsignalcanbeobtained.

asshown

eachother,andeach45°toa common
gagewillseetensionandtheother
arrangementofCircuitNo.3,Figure
andthesiEnalobtainedisthedesfred

Iftwosucharrangements,onepor~‘theother
FigureB-3,anoutputproportional-to-torsional
orderofthegages h thecircuit,a vertical

CircuitNo.4 (FigureB-4)Shear,Half-Bridge

13ycompletingthebridgeWithdummyresistors~a shearsfgnalfromoneside
onlycanbeobtained.Thetwoindependentsignalsfromthetwosidescanberecom-
binedduringdataanalysistoproduceeithertors%onalorverticalshear.

CircuitNo.~ adic,OneLocation

Ifstressdatafromonelocationistobeobtained,thetwoelementsofa
dyadicpaircanbeelectricallysplitsothattheyoccupyoppositearmsofabridge.
ThisconfigurationwasusedforthelongitudinalstressgagearrayatFR.186.

CircuitNo.6 (FigureB-6):SingleStrainGages

Inthisconfigurationthesingleelementgageisuseddirectlyas,theactivearm
ofa 4-armbridgecircuit.Theotherbridgearmsaremadeupof12,0-ohmbridge
completionresistors.Gageorientationisalongtheaxisofinterest.

STRAINGAGECIRCUITOUTPUTSANDCALIEl%KCIONLEVELS

Thefollowingarethebasicrelationshipsusedindesigningthesignal-condition-
ingandcalibrationcircuits:

-.
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Thefollowingdefinitionsapplytotheserelattoxshtps:

V. = output voltagefrombridge,volts

vi = input,orexcitationvoltagetobridgetvolts

N= numberofactivearms

(GF)= gagefactor

u = Poisson’sRatio

o . stressixthex directfon,psix

E= Young’sModulus

u . calibrat~onstress level, psi
e

R= total gage resistanceofactivearm,ohms
~

AR = changeinstratngage resistance,ohms

R’ tnitialstraiagageresistance~ohms

E . calibratio~.strainlevel,inchesFerinchc

R= shmt calibrztfonresistor,ohmscal
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