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The physical and statistical properties of slamming

phenomena experienced by a ship in rough seas have been examined

primarily through model experiments . However, very few examples

of good correlation between model experiments and full-scale

trials are available due to the lack of comparable reliable data

from observations at sea. This important design information

deficiency has been caused by the lack of suitably rugged

instrumentation to withstand the forces and pressures of a

violent sea.

The Ship Structure Committee undertook a project to

develop an instrumentation package that would he capable of

recording simultaneously the impact pressure, acceleration,

strains , and the vertical motions and velocity of the ship at

the pressure transducer location relative to the impacting wave.

This report describes the work involved in developing a unit

package capab le of recording those quantities together with a program

for proof tes ting and calibrating the units aboard a full-scale ship.

Q?%LL#Lt-
W. M. Benkert

Rear Admiral, U.S . Coast (hard

Chairman, Ship Structure Committee
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ABSTRACT

Aninstrumentationsethasbeendevelopedforuse
ininvestigatingtheslammingexperienceofa full-scale
ship.Methodsfortreatingbothbow-flareandbottom-
slamminghavebeenconsidered.A radaraltimeterwas
usedtosensetherelativeheightofthewaveatthe
transducerlocationinordertodeterminetherelative
velocitybetweenthebottomorthebowoftheshipand
thewaveattheinstantofslam.

–ii–



TABLEOFCONTENTS

PAGE

1.

2.

2.1

2.2

2.3

2.4

2.5

3.

3.1

3.1.1

3.1.2

3.1.3

3.1.4

3.2

3.2.1

3.2.2

3.2.3

3.3

3.3.1

3.3.2

3.3.3

3.3.4

3.4

INTRODUCTION

DESIGNANDCONSTRUCTIONOFEXPERIMENTAL
INSTALLATION

OBJECTIVES

THEINSTRUMENTATIONPACKAGE

OPERATINGPLAN

THEPROGRAMMER/CONTROLLER

OUTPUTDATA

PRELIMINARYLABORATORYTESTS

COMPARATIVETESTSOFPRESSUREGAGES

EffectofTemperatureChange

EffectsofThermal-Shock

EffectofAcceleration

SummaryofPressureGageTesting

IMPACTTESTS

Zero-DeadriseDropTests

Fifteen-Degree-DeadriseDropTests

ImpactInstrumentation

TESTSOFTHECOLLINSRADARALTIMETER

ApparatusUsedin LaboratoryTests

PreliminaryTests

Recommendations

OperationalCalibration

PROGRAMMER/CONTROLLERSYSTEMTESTS

–iii-

1

2

2

2

7

11

15

18

18

18

18

18

25

25

25

26

39

40

40

40

49

54

57



TABLEOFCONTENTS(Continued)

PAGE

4. FULL-SCALESHIPTESTPLAN

4.1 SELECTIONOFSHIP

4.2 FINALDESIGNOFINSTRUMENTATIONPACKAGE

4.2.1AcquisitionandConstructionofInstrumentation
System

4.2.2InstallationofInstrumentationSysterq

4.3 PRELIMINARYTRIALS

4.4 SHIPDATAREDUCTIONPLAN

4.4.1CollectionofMagneticTapeRecord

4.4.2Quick-LookDataAnalysis

4.4.3StatisticalAnalysis

4.4.4DetailedAnalysis

5. MODELTESTPLAN

5.1 SELECTIONOFTESTFACI~ITY

5.2 DESIGNOFTHEMODEL

5.3 DESIGNOFTHEMODELINSTRUMENTATIONSYSTEM

5.4 DESIGNOFMODELDATAACQUISITIONSYSTEM

5.5 DESIGNOFMODELTESTMATRIX

6. CONCLUSIONSANDRECOMMENDATIONS

REFERENCES

59

59

59

63

64

64

65

65

65

65

65

66

67

67

68

69

69

69

71

-iv-



A.1

A.2

A.3

A.4

A.5

TABLEOFCONTENTS(Continued)

APPENbIXA -DESIGNOFTHEPROGRAJIMER/CONTROLLER

PROGRAMMER-CALIBRATIONSEQUENCERBOARD

WAVE-HEIGHT-AVERAGERBOARD

RECORDER-CONTROLBOARD

RELAY-DRIVERBOARD

WIRINGDIAGRAMS

APPENDIXB-LISTOFGOVERNMENT
(MATERIALRECEIVED

FURNISHEDEQUIPMENT
FROMTELEDYNE7/28/76)

PAGE

74

75

76

80

“84

85

92

“v”



LISTOFFIGURES
FIGURE
NO. PAGE

3

3

8

9

9

1

2

3

4

5

DiagramofDataAcquisitionSystem.

LocationofGages.

BlockDiagramofRadarAltimeter.

AlternateAltimeterAntennaDesign.

AlternateAltimeterAntennaDesignCross-
Section.

6

7

8

9

10

DataRecordingScheme. 10

12

13

14

19

InstrumentationPackage.

LayoutofProgrammer/Controller.

ControllerLogicCircuit.

TestSpecimenTransducerInstallation
Details.

11 PressureGageDriftwithChangeof
Temperature.

21

12 ResponseofthePressureTransducerstoa
ThermalShock.

23

13 PressureGageSensitivitytoImpact
Accelerations.

24

14 Pressure-TimeHistoryforZeroDeadrise
ImpactforSix-InchDropHeight.

27

15 Pressure-TimeHistoryforZeroDeadrise
ImpactforTwelve-InchDropHeight.

28

16 Pressure-TimeHistoryforZeroDeadriseImpact
forTwenty-FourInchDropHeight.

29

17 Pressure-TimeHistoryforZeroDeadriseImpact
forThirty-SixInchDropHeight,

30

18 Pressure-TimeHistoryforZeroDeadriseImpact
forForty-TwoInchDropHeight.

31

–vi–



LISTOFFIGURES(CON’T.)

FIGURE
NO.

19

PAGE

MaximumImpactPressuresMeasuredinZero 32
DeadriseDropTests.

Time-HistoryofAccelerationandPressure 33
DuringVerticalDropTestsofa 15°Deadrise
V-Wedge.(ImpactVelocity= 5.67ft/sec.)

20

Time-HistoryofAccelerationandPressure 34
DuringVerticalDropTestsofa 15°Deadrise
V-Wedge.(ImpactVelocity=8.02ft.lsec.)

21

Time-HistoryofAccelerationandPressure 35
DuringVerticalDropTestsofa 15°Deadrise
V-Wedge.(ImpactVelocity= 11.34ft/sec.)

22

23

24

36

38

Time-HistoryofAccelerationandPressure
DuringVerticalDropTestsofa 15°Deadrise
V-Wedge.(ImpactVelocity=13.9ft/sec.)

VariationofMaximumPressurewithImpact
VelocityforanInclinedPlateComparedto
ImpactTheory;WeightofPlate=450Lbs.,
DeadriseAngle= 15°,Area=9Ft2.

41GroundPlanePlatewithAntennaLocations
andEdgeExtensionShown.

25

4226 TestTrack*MountedinUpperPosition
ontheBuildingWall.

4327 PreliminaryRadarAltimeterCalibration
Data,20”x40’~GroundPlate.

4428 PreliminaryRadarAltimeterCalibration,
3Ft.Clearance.

4529 PreliminaryRadarAltimeterCalibration,
10Ft.Clearance.

47

48

50

30

31

32

SystemInstability.

RaisingtheAltimeterAlongtheTrack.

AltimeterSignalProducedbyaCarPassing
UndertheAntenna.



FIGURE
NO.

33

34

35

36

37

38

39

40

Al.(a)
t (b)

A2

A3

A4

A5

A6

147

A8

->

LISTOF-FIGURES(CON’T.)

PAGE

AntennaSway. 51

CollinsRadarWaveHeightSensorMountedon 52
SES-1OOA.

TypicalAccelerometer(TopTrace)andRelative 53
BowHeight(LowerTrace)SignalsoftheSES-1OOB
takenwiththeCollinsRadarAltimeterDuring
High-Speed(~75.0Knots)RunsinWaves.Paper
Speed=10mm/see.,AccelerometerRanget10g’s,
AltimeterRange*1OFeet.

AltimeterCalibrationCircuit. 55

AlternateAltimeterCalibrationCircuit. 56

BlockDiagramoftheSlamAcquisitionSystem 58
withInter-ConnectingCableDetailsand
PowerRequirements.

SL-7InstrumentationSystem.

AlternativeMethodsofMeasuringVertical
VelocityatPointofImpact.

CalibrationSequence.

AltimeterCalibrationFix.

WaveHeightAveragerBoard,FunctionalBlock
Diagram. ,,

DefinitionofAltitudesMeasuredbyRadar
Altimeters.

FunctionalBlockDiagramoftheRecorder-
ControlBoard.
Programmer-Calibration-SequenceBoard(Jl)
LogicandWiringDiagram.

WaveHeightAveragerBoard.

RecorderControlBoard.

61

62

77
78

79

81

82

83

86

87

88

–viii-



LISTOFFIGURES(CON’T.)

FIGURE
NO. PAGE

A9 Relay-DriverBoard. 89

AlO Schematic2120RelayBoardInstallation. 90

Al1 ChassisWiringDiagram,SystemProgrammer. 91

LISTOFTABLES

TABLE
NO.

1

2

3

4

5

6

7

ProposedInstrumentation.

UpdatedEquipmentStatusList.

ProposedProgrammingRoutine.

ControllerSettingsandComputedQuantitiesfor
BowFlareandBottomSlams.

PressureTransducerandGalvonometerSensitivity
Details.

ResponseofTransducerstoaSimulatedThermal
Shock.

ImpactPressureandRiseTimeforaFlatPlate
ImpactatVariousImpactVelocities.

PAGE

4

5

10

16

20

22

26

‘ iic-



.-

SHIPSTRUCTuR5CWITTEE
TheSHIPSTRUCWCCMMITTEEisconstitutedtoprosecutearesearch

programtoimprovethebullstructuresofshipsandothermarinestructures
byanextensionofknowledgepertainingtodesign,materialsandmethodsof
construction.
RADMW.M.Benkert;(Chairman)Mr.M.Pitkin
Chief,OfficeofMerchantMarine AssistantAdministratorfor
Safety CownercialXlevehopment

U.S.CoastGuardHeadquartersHaritimeAdministration
Mr.P.M.Palermo Mr.R. B.Ktahl
AssistantforStructures Chief;BranchofNarineOiland
NavalShipEngineeringCenter GasOperations
NavalSeaSystunsComnand U.S.GeologicalSurvey

Mr.W.N.’Hannan Mr.C.J.Whites@one
VicePresident ChiefEngineer
AmericanBureauofShipping MilitarySealiftCcmanand

LCDRT.H.Robinson,U.S.CoastGuard(Secretary)
SHIPSTRUCTURESUBCOMMI~E

TheSHIPSTRUCTUSXSUBC(MMIITEEactafortheShipStructure
Cmsaitteeontechnicalmattersbyprovidingtechnicalcoordinationfor the
determinationofgoalsandobjectivesoftheprogram,andbyevaluatingand
interpretingtheresultsintermsofstructuraldesign,constructionand
operation.
U.S.COMTGUARD
LcdrJ.C.Card
LcdrS.H.Davis
CaptC.B.Glaas
Dr.W.C.Dietz

NAVALSEASYSTEMS
Mr. R.Chiu
Hr.R.’Johnson
Mr.G.Sorkin
Hr.J.B.O’Brien

COMMAND

(ContractsAdmin.)

MARITIMEAtH41NISTRATION
Mr.F.J.Dashnaw
Hr.U.O.Namer
Hr.F. Seibold
Mr.H.Touma
NATIONAL-EMYOFSCIEWES

SHIPEJZSEARCHCWMITPEE
lir. 0. Ii. Oakley-Liaiaon
Mr.R.W.~wuke-Liaison

=IETYOFNAVALARCHITECTS&
MARINEENGINEEW

Mr.A,*3.Stavnvy-Liaison
MELDINGkRSEARCHC~IL
Hr.K.H.Koapan-Liaimn

MILITARYSWIn C-m
Mr.T.W.Chapman
Mr.A. B.Stavovy
Hr.D.Stein
Mr.J.Torresen

AMERICANBUREAUOFSHIPPING
Dr.H.Y.Jan
Mr.D.Liu
Mr.1.L.Stem
Mr.S.G.Stianaen(Chairman)
u.s.CEomxwSURVSY
Mr.R.C.iangerelli
Mr.J.Gregory
INTERNATIONALSHIPSmucmsCOMXESS
Prof.J.H.Evans-Liaison
AMERICANlRON&STEELINSTITUTS
W.R.H.Sterne-Lid80n
STATEUNIV.OPNEWY~MARITIFECOLLRGE
*r.W.R.Porter-Liaiaon
U.S.CO&3TGUARDAChDEMY
CaptW.C.Nolan-Liaison
il.s. NAVALAMDEMY
Dr.R.Eattacharyya-Liaison

U.s.MERC~MARINEACADEMY
Dr.Chin-BeaKim-Liaison

x

-.



1. INTRODUCTION

TheShipStructureCommitteehasbeenengaged,formanyyears,ina
systematicstudyoftheloads,pressuresandstressesexperiencedby
commercialshipsatsea.Typicaloftheseexperimentshavebeenthose
carriedoutonthedry-cargoshipsS.S.WOLVERINESTATEandS.S.HOOSIER
STATE(References1through5),thecontainershipS.S.BOSTON(References
6,7),andtheveryextensiveprogramundertakenontheSEA-LANDMcLEAN
(theSL-7program)(References8through12).

Inmostoftheseprogramstheprimaryemphasishasbeenonthemeasurement
ofmidshipbendingstresses.Ithasbecomealmosttraditionalinthese
teststorecorddata,foraperiodoftwentyminutesorhalfanhour,at
four-hourintervals.Insomecasesthedatawererecordedcontinuously
duringstorms.IntheSL-7programamuchwidervarietyofinformation
wasrecorded(notnecessarilysimultaneously)andparallelmodeland
analyticaleffortshavebeenundertaken.Reference12providesagood
overviewoftheSL-7program.

A studyoftheslammingphenomenonwasconductedontheS.S.WOLVERINE
STATEbylocatingpressuretransducersintheforwardpartofthehull
bottom.TheresultsoftheseexperimentshavebeendescribedinReferences
4and5. TheWOLVERINESTATE,beingadrycargoshipwhichoftencompleted
voyagesatrathershallowdraft,wasagoodsubjectforthestudyofbottom
slamming.Earlierattemptshadbeenmadetoidentifyslameventsbyusing
onlythemidshipbendinginformation(Reference13).

Theobjectiveofthepresentprogram(Reference14)istocontributea
furtherstepinthiswidespread,full-scale-ship,structural-loadactivity
intheareaofslamming.Onevitalpieceofinformationthathasbeen
missingfromthepreviousprogramshasbeentherelativeverticalvelocity
betweentheship’sbottomandthewatersurfaceatthetimethatimpact
occurs.Therelativeverticalvelocityhasbeenshown,byOchiandothers
(References15through18),tobeacontrollingfactorinslamseverity.

Thisreport,therefore,describesthedevelopmentofaninstrumentation
packagedesignedtomeasureandrecordanumberofslam-relatedphenomena,
includingrelative hydrodynamicpressure,bottom-verticalvelocity,
platingstrainsatvariouslocations,andverticalaccelerations,The
instrumentationisalsomonitoredsothattheonsetofslammingcanbe
predictedandsothattheinstrumentationsignalscanberecordedonly
whileslammingisoccurring.



2. DESIGNANDCONSTRUCTIONOFEXPERIMENTALINSTALLATION

2.1 OBJECTIVES

Theobjectiveofthedevelopmentoftheexperimentalinstallationduring
thisprogramcanbesummarizedasfollows:

A. Developasetofinstrumentstorecordthelocalpressuresandstrains
experiencedbythebowplatingofacommercialshipwhenundergoingbottom
ofbow-flareslamming.

B. Measuretheverticalvelocityoftheimpactarearelativetothewater
surface;inparticular,theuseofaCollinsRadarAltimeterforthispur-
posewastobeevaluated.

c. Adaptexisting,government-ownedequipmentthathadbeenusedforprior
experimentsontheSea-LandMcLEANasmuchaspossibleforthepurposesof
thepresenttests.Themostsignificantitemofgovernment-furnishedequip-
mentwasanAmpex,14-channel,FMtape-recorder.

D. Assembleacentrallylocatedcontrolstationcontainingtherecorder,
atime-signalgenerator,acontroller/programmerandthepowersuppliesfor
theindividualinstruments.

E. Usethecontroller/programmertocontrolthetaperecordersothatit
wouldbeactivatedtorecordslamswhentheywereexpectedtooccurbut
whichwouldkeeptherecorderinactiveatothertimes.Thecontroller/
programmerwasalsoto
channels.

F. Conductlaboratory
package.

providecalibrationsignalsonallinstrumentation

teststoverifytheoperationoftheinstrumentation

2.2 THEINSTRUMENTATION,PACKAGE

TheinstrumentationpackageisrepresenteddiagrammaticallyinFigure1
andtypicalphysicallocationsofthegagesareshowninFigure2.
Typicalmixesoftheprincipalinstrumentsoccupyingthefourteenchannels
oftherecorderareshowninTable1. InTable2thehardwareitems
purchasedduringthecontractarelisted.Fourdifferentpressuregages
wereprocurredsothattheycouldbecomparedduringlaboratorydroptests
andaselectionmadefromamongthem.

2



CENTROL
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CABINETS

Programmer
Timw
Control Aocdmorngtm
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PACKAGE

Figure1. DiagramofDataAcquisitionSystem.
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Figure2. LocationofGages.
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Table1. ProposedInstrumentation.

1.ACCELEF?O-METER( SI=UPOVER-ALL
BOWFLARE PANEL GAGES

5 STRAINGAGES
6 W?ESSIJREGAGES
I ACCELEROMETER

.9
I PROGRAMMER/TIMER/CONTROLLER

I RAPAF?ALTIMETER(2 PREFERRED)

12 SleNALCONDITIONERS

I 14CHANNELRECORDER(~.~E.)

RESPONSE)
80TTOMPANELGAGE
5 STRAINGAGES
6 PRESSUREGAGES
I ACCELEROMET



Table2. UpdatedEa.uipmentStatusList.

rln/’7nl76>.--r --f . -J
Poh’wl

SYSTEMELEMENT* SOURCE REQUIREMENTINPUTSIGNAL OUTPUTSIGNAL COST
o-500Pt:10Mv/ft

Radar Collins 28VDC@0.8A Altitude: 500-2000Ft:3Mv/ft -$2400.00
Altimeter P RadioCo. Power 0-S00-2000Ft. LinearhalogSignal ea.

[1] (1)

14CHFMTape 105-125VAC 1.OVRMSfor40%
Recorder

1.OVRMSinto10Kfl
s AMPEXFR-1300 ~4A,48-62~Z Deviation LoadorGreater GPE*

2500HzB3.75ips
[1]. (1]

Pressure p BLHHighOutput 10VDC 0-350PSIA,@2.5
Transducer TypeDHF Excitation KHz 3Mv/VInput [1]$400.00ea

P KuliteXTMS-1-190 0-500PSIA 7.5Mv/V [1] $400.00ea
P Sensotec60B0564-I 0-350PSIA 3Mv/v [1]$400.00ea
P DynescoPT311-B 0-500PSIA 3Mv/v [1]$200.:Oea

Strain AILTECHCO. 10VDC *200uin/in@ .1Mv/VInput
Gage P HermeticallySealed Excitationlessthan200Hz -$ 30.00

ea.
.[3] (6)

Setra,Inc. 6VDC
Accelerometers Model100 Excitation+5gat100Hz -1Mv/VInput [2]GFE*

Modei100 *2-1/2g [2]
Model100 ?2g [1] (2)

Signal VishayInstruments115VACflO% Lessthan10Mv
ConditionerP 2100system

100to2100gain@
@1A,50-60kiZ i?5KHZfromany 5KHZk.5db -$400.00

k, zorfull- ea.
bridgesource [6] (16)

...- . .
● CURRENTSTAllJS;S-Select& c - LeadingCandidateu-Undefined*GovernmentFurnishedriqulpmenr

P-PurchasedN.A.-NotApplicable[]No.requiredfortest ()No.requiredforsystem



Table2. UpdatedEquipmentStatusList.(Continued)

(10/28/76]
POWER

SYSTEMELEMENT SOURCE REQUIREMENTINPUTSIGNAL OUTPUTSIGNAL COST

Controller Power-One,Inc.
PowerSupplyP 8B1S-1.5 110VAC N.A. + 15VDC@1.5A -$54.00

ca.
[1] (1)

RemoteSwitch Power-One,Inc.
PowerSupplyP C24-2.4 110VAC N.A. 24VDC@2.6A -$45.00

ea.
[1] (1]

Time Code DATUM
Generator/P Model-9300 115VAC@.5k IRIGAOTB IRIGAorB ‘$1650.00
Translator ea.

[1] (1)

Frequency Heath/Schlumberger
Counter P SM4100 115VAC 0-30MHz DigitalDisplay -$190.00

[1] fij

Frequency Heath/Schlumberger lHz-
Generator P sG-18A 115VAC N.#l. 100KHz -$130.00

ea.[1] {1)

DigitalVOM P Simpson464D li5VACorBatt. DigitalDisplay -$300.00
ea.[1] (1)



ThephysicaldimensionsoftheCollinsradaraltimeterareindicatedin
Figure3. TheCollinsradaraltimeterwasdesignedasaradaraltimeter
forlightaircraft.Itnormallyoperatesataltitudesofupto2000feet
andisclaimed,bythemanufacturer,tohaveanaccuracyof+ 2feet.The
antennamountingrecommendedbythemanufacturerissketchedinFigure3.
Thegroundplaneis,normally,partoftheaircraftstructure.A similar
instrument,designedforthepurposebyNRLwasusedontheSL-7program
toprovidewaveheightinformation.TheCollinsaltimeterwasselected
forevaluationinthepresentprogrambecauseofitsveryattractive
price,whichisaprimeconsiderationinaninstallationthatmustbe
mountedexternallyontheshipand,assuch,isliabletosufferaccidental
damage.

TheCollinsradaraltimeter,althoughclearlynotdesignedforthelow-
altitude,over-wateroperationrequiredin,a ship-boardinstallation,
wasproposedforuseinthisapplicationbecauseitwasknowntobeinuse,
inaverysimilarapplication,intheU.S.NavySurfaceEffectShip(SES)
Program.TheSESrequirementwasforaninstrumenttodeterminethe
locationoftheSEShu”llwithrespecttothewavessothatbothwaveheight
andmotioninformationcouldbegenerated.Considerableeffortwasexpended
onthisprojectbytheU.S.Navy*inordertoimprovelow-leveloperation
and,atthesametime,developamorecompactandruggedantennaconfigura-
tion.TheconfigurationdevelopedisillustratedinFigures4and5.
Unfortunately,thisinformationwasnotavailableintimetoincorporate
itinthepreliminarytestsreportedhere,butshouldbeconsideredfor
inclusioninanyfurtherdevelopmentofthisprogram.

2.3 OPERATINGPLAN

Theproposedoperatingplanfortheinstrumentationsuiteisshownin
Table3andtheproposedrecordingschemeinFigure6. Afterconsiderable
discussionitwasconcludedthatitwasmoredesirabletomaintainallof
theinstrumentationsysteminthe“on”conditionthroughoutthevoyage
thantoattempttodefinea“stand-by”regimeduringwhichtheinstrumenta-
tionwas“on”anda“stand-down”regime,incalmweather,forexample,
whentheinstrumentationwasturned“off”.Theexpectedlifeofthein-
strumentsisnotaffectedbythisdecisionandthepowerconsumptionis
verysmall.

*AntennaG AvionicssectionoftheSystemsEngineeringTest
Directorate,NavalAirTestCenter,PatuxentRiver,Maryland.
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INTERCONNECTINGCOAX

L

CABLESMUSTBEL~S
THAN16FEETLON6

/
115VAC

48” ~a“A?
oR

I
20 VDCPOWERSUPPLY

(IN PROGRAMMER)
APPROX.SIZE:4 x5x6 in$“Iz

n WT: 6 lb,./5

SIZE:4 x4 x12ins.
WT:5 Ibt
C06T! #2,0moo

I I ANTENNAASSEMBLY IGROUND
I APPROX.SIZE:4 x30 x48 ins. PLANE

I m WT.:20Ibs.
11 COST: #300.00

I Rz RECEIVERANTENNACOLLINSRADARALTIMETER
APPROX.

J

T =TRANSMITTERANTENNA
ml ~g
II 115VAC

e’
&--

9
FM TAPERE~ER (I4 CHANNEL)

APPROX.SIZE:12x 16x 24 ins.
WT.: 100 Ibk

g ~
~ ~

IMPUTS
FROM
OTHER
CHANNELS

Figure3. BlockDiagramofRadarAltimeter.
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416+” –—
TWOLMODELAD43009
ANTENNAS

1+ A

Figure4. AlternateAltimeterAntennaDesign.(BySystemsEngineeringTest
DirectorateAntennaandAvionicsSection,NavalAirTestCenter,
PatusentRiver,Maryland,asusedonSES-1OOA).

o:l~” 0.125’’-*I+
7

+ 0.197”
~---- ,,

/ T--——.——__ ___

\ /

Figure5. AlternateAltimeterAntennaDesignCrossSection.
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Table3. ProposedProgrammingRoutine.

“STAND-BY”

SIGNAL
CONDITIONERS
AND

NSTRUMENTATION

ON

\LTIMETER

ON

t

ON

POWER
;IRCUITS

ON

ON

t THESESIGNALSAREMONl~REDBY
CHANGEMODEAS REQUIRED

TAPE
)RIVE

OFF

ON

TIMERCALSIGS

RUNONCE
PERDAYAT
MIDNIGHT

OFF

PROGRAMMERANDUSEDTO

EG.j TIMERIS USEDTORETURNFROM“SLAMIMMINENT”TO”STAND-BYU
AFTERPRESETINTERVALUNLESSPROGRAMMERHASPREDICTED
THATANOTHERSLAMIS IMMINENT

STAND-BY

-— $TAND-BY RUN
‘ 1 :

RUN STAND-
‘BY

--

I

OATAOHANNELS<

TIMEAND
DATECODE—-NlnnnJL—.— ETC.- — - - - —--— -- —

L-
ORIVE~

J ‘- ~sL*MJ -
SERIESOFSLAMS

CAL.SIG.—

I 1

(PRESETINTERVAL)
1~ AT ~

AT
t I14;::NIF

FROM
TIMER

L 1
SLAM
IMMINENT
SIGNbiL””
FROM
PROGRAMMER

Figure6. DataRecordingScheme.
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Allpowercircuits,therefore,arecontinuouslyintheon-conditionandthe
onlydifferencebetweenthenormal,‘lstand-by”modeandthe“slam-imminent”
modeisthatthetapedriveisactivatedinthelattercase.Theprime
functionofthe“programmer/controller”,therefore,istomonitorthe
altitudesignalandstartthetapedrivewhenevera slamappearstobe
imminent.Thelogicusedforthisdeterminationwillbedescribedinthe
followingparagraphs.

2.4 THEPROGIWIMER/CONTROLLER

Tb=layoutoftheprogrammerisshowninFigure7togetherwithitsprincipal
interconnectionstotheothersystemcomponents.Thefourprincipal
functionsoftheprogrammerareseparatedintofourseparatecircuitboards
asshowninFigure8. Thesefourprincipalfunctionsare:

● CalibrationSequencer-onceeverytwenty-fourhourstheprogrammer
performsacalibrationofa-1oftheinstrumentationchannels.The
sequenceisinitiatedandcontrolledfromthisboardinresponseto
atimesignalfromthetime-codegenerator.

-WaveHei’ghtAverager-thesignalfromtheradioaltimeterismonitored
onacontinuousbasisandaveragedtodeterminethemeandraftlevel
atthealtimeterstation.Thisquantityisusedinthelogicusedto
startthetaperecorderdrive.

● TapeRecorderControl-thecurrentaltimetersignaliscompared,on
acontinuousbasis,withthemeandraftsignal.Wheneverthetwo
signalsvarybymorethanapredeterminedamount,itisanticipated
thataslamis.imminentandthetaperecorderdriveisactivated.

wRelayDriver-oncethetaperecorderdrivehasbeenactivateda
recordingwillbemadeforapredeterminedperiodoftime.This
periodiscontrolledbytherelaydriverwhichwilldeactivatethe
tapedriveunlessafurtherIIslam.imminent”signalisreceived.This
processisrepresentedinFigure6.

ThelogicandsequenceofthevariousfunctionsarerepresentedinFigure9.
Theheightoftheantennaabovethelocalwatersurfaceisrepresented
bythesignalX. ~,theaveragevalueofX,providesarepresentationof
themeanwaterlevelonthehull.~hedepthofimmersion,X2,ofthe
impactpanelabovethemeandraftX iscomputedfromtheknown,fixed,
distanceX3oftheimpactpanelbelowthealtimeterbytheformula:

‘2 = X-X3

11
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Iftheimpactpanelisbelowthemeanwaterline,asinthecaseof
bottomslamming,thenX2willbenegative.Theinstantaneousheight,X4,
ofthewavesurfacebelowthemeanwaterleveliscomputeddirectlyfrom
thealtimetersignalbytheformula:

‘4 =X-F

WheneverX4 exceedsX2, inthecaseofbow-flare,orislessthanX2,in
thecaseofbottomslamming,thenitispredictedthat.aslamisimminent
withinthecurrentwaveencountercycleandthetapedriveisturnedon.
Byusingthistestinsteadoftherathermoreobviousdirectcomparisonof
XwithX3,itisenvisagedthattheslamwillbepredictedseveralseconds
beforeitoccurswhichwillallowtherecorderadequatestart-uptimeto
achievestableoperationbeforetheslamoccurs.Theexactlevelsatwhich
thiscomparisonshouldbemadecanonlybedeterminedbyexperience.The
objectivewillbetoattempttoerronthesideofrecordingtoooften,so
thatapercentageoftherecordingsequenceswillbeblank,ratherthantoo
seldom,inwhichcaseapercentageofslamswouldbemissed.

Theonlydifferencebetweentherecordingofbottomslamsandbow-flare
slams,asfarasthecontrollerisconcerne~liesinthesignofthediffer-
encebetweenX4andX2.Allthatisnecessarytoadjusttherecorderto
recordbow-flareslams,therefore,insteadofbottomslamsistoinclude
amanualswitchwhichchangesthesenseofthevoltagecomparisonbetween
theX2andX4signalsandtoadjusttheX3valuetotheappropriatevalue.
ThisisillustratedinTable4.

Thedesignofthecircuitsusedtoimplementtheseproceduresisdiscussed
inAppendtiA.

2.5 OUTPUTDATA

Theoutputinformationrequiredfromtheinstrumentationsysteminclude
thefollowing:

.Dateandtimeofeachslamorseriesofslams

● (Concurrentspeed,seastateandheading
fromtheshipslog)

● Time-historiesofthefollowingmeasured

— Relativeheightofaltimeterover

– Strains

– Pressures

— Accelerations.

informationcanbeobtained

quantities:

water

15
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Table4, ControllerSettingsandComputedQuantitiesfor
BOWFlareandBottomSlams.

QUANTITY BOWFLARESLAM BOTTOMSLAM

~ (computedby HeightofAltimeter HeightofAltimeter
WaveHeight abovemeanwater abovemeanwater
Averager) level level

X3(manual HeightofAltimeter HeightofAltimeter
setting) abovelowestBowFlare aboveshipbottom

PressureGage

‘2 = ~-X3(Computed) Positive Negative

‘4 = X-~ (Computed) Posit%vewhenbow Negativewhenbow
ishigh islow

SignaltoActivate X4>X X4<X2
TapeDrive 2

VSRelativeVertical
Velocityat Computedas(dX/dt)*when

X=X3InstantofSlam

* ThetimederivativedX/dtmayrequirefilteringand/oraveraging
inordertoobtainausablevalue.

16



Aswellastheactualmeasurementsanumberofquantitiesmaybederived
fromthemeasureddata.Somequantitiesmaybecomputedveryreadily
fromthemeasureddatawhileothersmayrequireconsiderablefurther
developmenteffort:

.Relativevertical,velocityisoneofthemostimportantparameters
characterizingaslam.Intheoryitcanbederivedbytakingthetime
derivativeoftherelativeheightsignalbut,inpractice,thisis
noteasytodoastherelativeheightsignalistypicallyverynoisy.
Byappropriatefilteringofthewave-heightsignaland/oraveraging
ofthederivedvelocityovera shorttimeperioditshouldbepossible
toobtainusablevalues.Thealternativewouldbetodeterminerela-
tiveverticalvelocitybyhandfromthetraceofrelativeheightwhich
isa simpleoperationbutrathertime-consuming.

Therelativeverticalvelocitymostoftenusedisthatwhichcorresponds
totheinitiationoftheslam.

● Averagepressureshavebeenfoundtoprovideinformationwhichis
moreusablebythedesignerthanpointpressures.Perhapsthemost
comprehe~siveseriesoftestsyetundertakentodetermineslamming
loadsandpressuresarethosecurrentlybeingconductedontheXR-lD
testcraftbytheSurfaceEffectShipTestFacility(SESTF)atthe
PatuxentRiverNavalAirStation(Reference33).Themajority
ofthesetestsarebeingruninthe“hullborne”condition,sothatthe
XR-lDhasmanyofthecharacteristicsofadisplacementship.

A speciallydesignedmoduleequippedwithnineteen81’x 8!’pressure
panelsandsevenpressuregageshasbeenincorporateintothebottom
ofthiscrafttoallowtimehistoriesofpressuretobeobtainedunder
slamconditions.Inadditiontothedirectmeasurementsfromeach
panelthesignalsfromthepanelsaresummedinsevendifferentcombina-
tionssothatindicationsofaveragepressuresoverareasofdifferent
sizescanbeobtained.Thesepressure-arearelationshipsprovide
informationthatcanbeusedbythedesignerforthedesignofsmall
areassuchasplatingpanelsorlargerareassuchasmainframes.The
pressuresmeasuredoverlargerareasthantheindividualgagesshould
bemoreamenabletoFroudescalingbetweenmodelandfull-scale
experiments.

17 ‘



3.

A series

PRELIMINARYLABORATORYTESTS

ofpreliminarytestswerecarriedouttoevaluatetheoperation.
ofthevariouspartsoftheexperimentalinstrumentationpackage-.These
testsaredescribedinthefollowingparagraphs.

3.1 COMPARATIVETESTSOFPRESSUREGAGES

Inordertomakearationalselectionofpressuregagesfortheproposed
ship-boardinstallationa“setoffourdifferentgageswerecompared.The
fourgageswereidentifiedinTable2.

Inordertoprovidethegageswitharealisticenvironmentallfourwere
mountedinan 18-inchsquarepanelofone-inchthickmildsteelplate,
asshowninFigure10.Thescalecharacteristicsofeachtransducerare
listedinTable5.

3,1.1 EffectofTemperatureChange

Onefrequentlyoccurringproblemwithpressuregagesinimpactsituations
istheirsensitivitytochangesoftemperature,inparticular,tothermal
shock. (See,forexample,Reference19).Thethermal-shockproblemcould
beparticularlysignificantinthecaseofthebow-flarepressuregages,
forexample,whichcouldsuffera suddenchangeintemperature,from
brightsunlighttosea-waterquenchinginanimpactsituation.

Theresultsofa simple,slow-ratevariationintemperaturewithtimeis
showninFigure11.Allfourofthegagesexhibitsatisfactorystability
undertheseconditionsasthelargestrecordedchangeisabout0.5%of
thefull-scalereading.TheDynescoandBLHgagesshowlessthan0.25%
change.

3.1.2 EffectsofThermal-Shock

Theresultsoftwo“thermal-shock”testsareshowninTable6andindicated
pressuretime-historiesareshowninFigure12.Itis atonceapparent
thattheKulitegageiscompletelyunsuitableforthisapplicationasa
sudden,20”Fdropintemperatureresultedinanapparentimpactpressure
of83psi(16.3%offull-scale).TheBLHandSensotecgagesweremost
satisfactoryfromthispointofviewastheapparentpressuresregistered
werelessthan1%offull-scaleineachcase.

3.1.3 EffectofAcceleration

The’sensitivityofthepressuregagestoimpacttypeaccelerationswas
alsotestedbysubjectingthepaneltoa seriesofmechanicalimpacts.
TherelativeperformanceofthefourgagesisshowninFigure13.The
DynescoandKulitegagesweremuchsuperiortotheBLHandSensotecgages
inthisregard.Inviewoftherelativelylowaccelerationenvironment
experiencesduringshipslamming(peaktransientaccelerationsofupto
lg,ReferenceS)thisfactorisnotexpectedtobeverysignificant.
However,gagelocationswherelocalpanelvibrationsareprobableshould
beavoided.

18
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Table5.PressureTransducerandGalvonometerSensitivityDetails.

I-do

Signal
Cond. TransducerPressureTransducerTransducerGaIvonometerGalvonometer
ChannelExcitationTransducerRange SensitivityChannel Sensitivity

1 1Ov BLH 350psi 3.0Mv/V 1 .984V/in-. .— -.. -. —
2 1Ov Dynesco 500psi 3.08Mv/V 2 .588V/in

..——.-.—_—.___..-—.-——-.._____..._ ....______________._______
3 1Ov Sensotec 350psi 2.98MV/V 3 .574V/in.. .
4 _——---
5

6 1Ov Kulite 500psi 7.45Mv/v 4 .593V/in

Exampleofdatareduction:
(eG)(6)(R]

Output(PSI)= ~G1(e~(E1
T

where:‘G = GalvonometerSensitivity(Mv/in)
6 = GalvonometerDeflection(Inches)
R = MaximumTransducerRange
G = SignalConditionerChannelGain
E = TransducerExcitation(Volts)

‘T = TransducerSensitivity(Mv/V)
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Table6. ResponseofTransducerstoaSimulatedThermalShock,

GALVONOMETER THERMAL TIL4NSI)UCERTRANSDUCER TRANSDUCER
TRANSDUCER CHANNEL GAIN SHOCK# OUTPUT(MV) OUTPUT(PSI) OUTPUT%F.S.

KULITE 4 100 1 1,23 82.6 16.5
2 1.23 82.6 16.5

SENSOTEC 3 2000 1 .115 1.4 0.4
2 .16 1.9 0.5

DYNESCO 2 2000 1 .44 7.14 1.43
2 .29 4.70 0.94

BLH 1 2000 1 .22 2.57 .73
2 .28 3.27 ,93

NOTE: IfThermalshocks~lwerecausedbyquenchingplatetemperature
ofabout120°Fto98*F.
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3.1.4 SummaryofPressureGageTesting

Onthebasisoftheseteststhereseemedtobenoreasontoreplacethe
BLHgageswhichhadgivengoodserviceontheWOLVERINESTATEandwhich
hadtheadditionaladvantageofbeingclosertothescaled-upsizeofany
gagesthatcouldbeusedincomparativemodeltests.

3.2 IMPACTTESTS

Thepurposeoftheimpacttestswastwofold:

● toevaluatetheresponseofthefourpressuregagestotransient,
impactpressures

-toverifytheproperfunctioningoftheoperatingcircuitsand
recordingequipment.

Animpactfacilitywasconstructedusingasimplewatertankandadrop
specimenguidedbyaparallellinkage.TheimpactpanelshowninFigure
10wasconnectedtothelowerfaceofthedropspecimen.Twodifferent
orientationswereused:oneinwhichthespecimenwasinstalledparallel
tothewatersurfaceandintheotheritwasinstalledatadeadriseangle
of15°.

3.2.1 Zero-DeadriseDropTests

A seriesofdropsweremadefromdifferentheightsabovethewaterineach
case.ThezerodeadriseimpactsarelistedinTable7andpressure-time
historiesareshowninFigures14-18.Inallcasessomerelativelylow-
frequencyoscillationisapparentatabout100-150Hzwhileineachofthe
twohigherdropheights(Figures17and18)a severe,high-frequencyringing
occursat2-3KHz.

T,hgrn~=$mumpressuresmeasuredineachcaseareplottedinFigure19.They
exkibitatrendsimilartothatreportedinReferences20and21forflat-
plat.eimpacts.

ThedashedlineinFigure19representsthemaximumpressures
recordedinthetestsdescribedinthesereferences.Theimpirical
equationforthislimitlineis:

i = 3.69VS1.7
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where i isimpactpressureinpsi
*

and ‘s istherelativeverticalvelocityatimpactinft/sec.

Allofthemeasuredpointsinthedroptestsdescribedhereareseento
liewellbelowthisimpiricallimitline.Frequenciescalculatedfrom
thepressurerise-timearealsoplottedandshowanapproximatelylinear
trendwithincreaseofimpactvelocity,asexpected.

3.2.2 Fifteen-Degree-DeadriseDropTests

Testswerealsoconductedwiththesametestspecimenmountedononeside
ofa 15°deadriseV-wedge.Timehistoriesofa seriesoftestsareshown
inFigures20-23.Forcomparisontheaccelerationspredictedfromsimple
V-wedgetheory(Reference22)arealsoshown.Theagreementisquitegood
exceptforthefactthatthemeasuredaccelerationrise-timeisrather
shorterthanpredictedbythetheoryinallcases.Thiscouldbedue
inparttothelow-frequencyoscillation(about50Hz)thatcontinueswell
afterthepeakimpactacceleration.Thisoscillationisprobablydependent
onthestructuralcharacteristicsofthetestrig.

Table7. ImpactPressureandRiseTimefor~FlatPlateImpact
atVariousImpactVelocities.

VELOCITY PRESSURE RISETIME FREQUENCY*

(Ft/See) (PSI) (SEC) (Hz) I

5.66 29 .0018 139

8.00 49 .0016 156

11.31 103 .0014 179

13.86 212 .0008 313

14.97 277 .0008 313

* “Frequency”iscalculatedas1/(4xRiseTime)
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(FigurewastracedfromVi.sicorderRecord)
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Figure21. Time-HistoryofAccelerationandPressureDuringVerticalDrop
Testsofa15°DeadriseV-Wedge.(ImpactVelocity=8,02ft/sec.)
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PRESSURETRANSDUCER:BLHDHF350
ACCELEROMETER:SERTAMODEL100
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DEADRISEANGLE: 15DEGREES
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IMPACTVELOCITY: 11.34FT/SEC
CHARTSPEED: 25IPS

Figure22. Time-HistoryofAccelerationandPressure
Testsofa15°DeadriseV-Wedge.(Impact

DuringVerticalDrop
Velocity=11.34ft/see)
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Themaximumimpactpressuresmeasuredarecomparedwiththosepredicted
forthepressure.gagelocationinFigure24.Inthiscase,(withdeadrise),
thepressuresaremorereadilycalculatedbyV-wedgetheoryandtheagreement
betweentheoryandexperimentinFigure24is”verygood.Frequencies,
calculatedfromtherise-timetomaximumpressuTearealsoshowninFigure24.

Thetheoreticalimpactaccelerationsandtimehistorieswerecalculated
byusingconventionalhydrodynamictheory.

L-C-J

Theupwardforce,F,onanimpactingwedgeisgivenby:

F

where c
P

c
P
P

i

c

b

‘b

(fb

. c “+P?22cbfbP

istheaveragepressurecoefficient

\

12—-= 2“16‘anb;6 )
(Ref.23)

= massdensityofwater(lb.sec2/ft4)

isthevertical,downwardvelocity,ft/sec

isthesemi-wettedwidth,betweensprayroots,infeet

isthewidthmeasuredperpendiculartoc infeet

(1)

is a correctionfactortoallowforthemodel’sfinitewidth.

: .88 basedonReference24)

B isthedeadriseangleinradians.
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Figure24. VariationofMaximumPressurewithImpactVelocity
foranInclinedPlateComparedtoImpactTheory;
WeightofPlate=450Lbs.,DeadriseAngle

9Ft2. = 15°,Area=
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Also F = -In(;-g)

and c = ksz/tan~

(2)

(3)

where k isthe“splash-up”factors
ks ~ lT/2- 6(1-2/’lr)(Reference25)

Bycombiningequations(l),(2)and(3):
.. .2z+ Kzz=g (4)

where K = CpP;2cbfb/(mtanB)

Thepeakpressure,~,atanyinstantoftimecanbeassumedtobeequal
tol/2PV~whereVsisthetruevelocityofthestagnationpointinspace
(Reference25).Thestagnationpoint,forsmallanglesofdeadrise(less
thansay20°)canbeassumedtobeabovethesprayroot(Reference23)so
thatj isgivenby:

Equations(4)and(5)canbeevaluatednumerically.

Theresultsobtainedfromthesecomputationswereusedtoplotthe
theoreticalcurvesshowninFigures20thru23.

3.2.3 ImpactInstrumentation

Inviewofthereasonableagreementobtainedbetweenimpacttheoryand
experimentalmeasurementsitwasassumedthatthebehavioroftheBLH
pressuregagesandsetraaccelerometersweresatisfactoryforthe
purposesofmeasuringslamincidents.

(5)

Inallcasesthepressuregageswerepoweredinamannersimulatingthe
proposedshipboardinstallationandthesignalswererecordedontheF.M.
taperecorderinthemannerinwhichtheywouldbewheninstalledonboard
ship.ThevisualsignalsshowninFigures14-18and20-23were
obtainedbyplayingbackthemagnetictaperecordtoapaper-tapevisicorder.
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Itwasconsideredthat,inthisway,thefeasibilityofthesignalconditioning
andrecordingequipmentwasdemonstratedaswellasthefunctioningofthe
instrumentsthemselves.

3.3 TESTSOFTHECOLLINSRADARALTIMETER.—
OneobjectiveofthecurrentprogramistoimplementtheCollinsradar
altimeterasawaveheightsensor.Datafromthealtimeteristoberecorded,
togetherwiththeother~=truentation,toprovidea time-historyofrelative
waveheightandvelocity.Theprogrammer/controllerwillalsouseinputs
fromthea~timetertopredicttheoccurrenceofrelativemotionssufficiently
largetocauseslams,sothattherecordercanbeactivated.

3.’3.1ApparatusUsedinLaboratoryTests

Theobjectiveofthetestwastosimulatea shipboardinstallationofthe
altimeterasthetransmitandreceiveantennapair.Sinceanimportant
considerationinthefinalshipboardinstallationwillbetominimizethe
sizeofthestructuresupportingtheantennas,thusminimizingvulnerability
andcost,agroundplatewasconstructedusingCollins’minimumrecommended
dimensions.(seeFigure25).

Asapreliminarycheckonthealtimeter’sutilityinthisapplicationa
simple,guide-railapparatuswasconstructedtoallowmovingtheantenna
platerelativetoareflectingsurface,thussimulatingthepassageofa
wavebeneaththeantennas.Therailwasmountedonthesideofawall,
22feethigh,60feetwide,ofplaincement-blockconstruction,and
withonewindowinthecenter.Thewindowwasusedtobracetheapparatus
andprovideaccesstotherecordingequipment.Groundaroundthebaseof
thewallandextendingoutwardsformorethan70feetwasgravelcovered.
Thisareawaskeptclearofvehiclesorotherreflectingsurfacesduring
thetests.Thetrackwasusedintwoconfigurations,onefortestingat
distancesfrom18to30feetandanotherfortestingbetween12and24
feet.(SeeFigure26).

Thecarriageallowedformountingtheantennafrom2to10feetoutfromthe
wallandatanglesofbeaminclination(measuredfromtheverticalalong
anaxisparalleltotheroofline)~40°(positiveoutwards).

3.3.2 PreliminaryTests

A largenumberofcalibrationpointsweretaken.Thesearesummarizedas
Figures27,28and29.Figure27wasdataproducedusinga 20x40-inch
groundplaneplatewhilethedataofFigures28and29wereproducedusing
sideextensionswhichnearlydoubletheplatearea.(SeeFigure25).
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Figure29. PreliminaryRadarAltimeterCalibration,10Ft.Clearance.
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Therewasconsiderabledatascatter;muchmorethanwasexpectedfromthe
dataobtainedfromtheengineersatSESTF~Thesedatahavebeenplottedfor
comparisonpurposesonFigures27and29.Ascanbeseen,thesecalibration
pointsareconsiderablylessscattered.Itisinterestingtonotethatthis
datawasobtainedwithanunmodifiedCollinsaltimeterandagroundplane
plateandantennainstallationof1/3thesizeofthatshowninFigure25.
Thispointwillbediscussedfurtherinthenextsection.

Muchofthescattermaybeattributedtothegeometryoftheteststand
installation.Severaldiscontinutieswerepresentwhichwouldhaveproduced
multi-pathreflectionsorlocalreflections,thewindow-sillandframe,the
roofandthecapstripalongitsedgeormetalliccomponentsofthebuilding’s
structure.

Increasingthehorizontalclearanceto10feet(Figure29)improvedthedata
scatter,particularlyforsmallanglesofantennainclination.Theantenna
hasa 50°beamwidth.Tiltingthebeamaxisbeyond25°appearstoincrease
scatterwhena“clean”returnsignalisbeingreceived.

Theinstrument,asoriginallyinstalled,alsoshowedwhatappearedtobe
internalinstability.Onseveraloccasionsapparentlyspontaneousvariations
inoutputvoltagewereobserved.Theseamountedtoasmuchas~2feetand
weresufficientlypuzzlingthatvisicordexstripchartswereproduced.
Figure30isachartwhichwastakenwhenthealtimeterwasata fixed
heightofabout18feet.Therewasabreezeblowingandtheantennawas
oscillatingtorsionally(aboutanaxisnormaltothewall)duringthetest.
Theproblemwasnotconsistent,however.

Figure31illustratesaltimeteroutputastheantennaplateisbeingraised
from12to23feet.Whilethereisconsiderablenoise
exhibitthe“wild”swingsseenearlier.

Instrumentchecksshowedthattheunitwasfunctioning
severaldetailsinapparatusdesignandprocedurewere
theoperation.

theoutputdidnot

properly,however,
implementedtoimprove

1) Theparkinglotsoilwasthoroughlywettedduringtesting.Thisimproved
soilconductivityandthusprovideda sharperreturnforthealtimeter
toprocess.Thisimprovedperformanceindicatedthatthealtimetershould
giveamuchclearersignalwhenoperatingoverwater.

*SurfaceEffectShipTestFacility,U.S.NavalAirStation,PatuxentRiver,
Maryland.A similarCollinsRadarAltimeterhasbeeninstalledonthe
SES-1OOAtestcraft(seeFigure34).
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Figure31.RaisingtheAltimeterAlongtheTrack.



2)

3)

Oneoftheperformancelimitingfactorsoftheradaraltimeterwas
determinedtobethemountingofthetransmitandreceiveantennason
asuitablegroundplane.Thealuminumgroundplanewastherefore
coveredwithasheetofcoppertoimproveconductivitybetweenthe
antennahornsandthegroundplane.Althoughexcellentresultswere
obtainedusingacoppersheetgroundplane,goodengineeringpractice
(andthemanufacturer’srecommendations)requiresthatthecastaluminum
antennaswiththeiraluminummeshgasketsbemountedagainstaluminum
(chromatefinish)forresistancetoelectrochemicalcorrosion.In
addition,itisrecommendedthatthegroundplaneandantennahousings
bewellcoatedwithahighqualityepoxyfinishtofurtherenhance
resistancetothesaltwaterenvironment.Itisimportant,however,not
tocoatthedielectricface-plates.

LaboratoryCalibrationProcedures--Aftertheantennashadbeenmounted
againstthecoppergroundplaneandafterthegroundinthetestarea
hadbeenwellwatered,itwasobservedthataquitesmooth(noise-free)
analogoutputwasobtained(Figure32).Whentheantennasswungina
breeze(orwhencausedtooscillatemanually)atransientappearedin
theoutput(Figure.33)asifagoodreflector,wellabovegroundlevel,
werebeingbroughtintothefieldofviewduringaportionoftheantennas’
excursion.Sincetherewasnovisibleobjectwhichcouldhavecausedsuch
aneffect,thereisprobablyametallicstructurewithinthebuilding
whichproducesaspuriousresponse.Insubsequentteststhetestlocation
wasmovedtoaconcreteparkingareaandnofurthertroublewasexperi-
encedwithswayortransientsignals.

Inthefinalconditionofantennaandlocationtheinstrumentwasfound
toperformwithinspecificationsandwithout“spontaneous”instability.
Thecalibrationislinear.

3.3.3 Recommendations

Aftertheinitialtestswereconducte~detailswereobtainedofthealtimeter
groundplaneplateinuseatSESTFontheSES-1OOA(seeFigure34).This
isaverymuchmorecompactdesignasillustratedinFigures4 andS. Itwas
developedbythePatuxentNavalAirStation,AntennaRangeGroupusingNASA
deriveddesigncriteria.Themountingplateisofl-inchthickaluminum
andhasa seriesofdeeplymachinedgrooveslocatedconcentricallyabout
eachantennahorn.TheantennasareUBCorporation,3-inchdiameter,conical
hornsandhaveaverygoodisolationfromcrosstalk.Theplatedimensions
areapproximately6“x 12”leadingtoaverycompactinstallation.Figure35
showsatime-historyobtainedfromtheinstallationofthisequipmenton
theSES-1OOBduringahigh-speedrun,whichdemonstratesanabilitytogenerate
aclearlydefinedsignal.Oneoftherecommendationsresultingfromthis
studywillbetoadapttheCollinsradaraltimeterwithanantennaarray
rebuilttoreproducetheSESTFdesign.
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Figure 34. Collins Radar Wave Height Sensor Mounted on SES-1OOA.
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Figure35.TypicalAccelerometer(TopTrace)andRelativeBowHeight
(LowerTrace)SignalsoftheSES-1OOBtakenwiththe
CollinsRadarAltimeterDuringHigh-Speed(>75.0Knots)
RunsinWaves.PaperSpeed=10mm/see.,Accelerometer
Rangei10g’s,AltimeterRanget10Feet.
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3.3.4 OperationalCalibration

Sincetheradaraltimeter’isprovidedwithaninternalcalibrationcapability
whichteststheentireelectroniccircuitry(excepttheantennasandexternal
cabling)itisrecommendedthatthisfeaturebeincorporatedintotheoverall
systemcalibrationwhichistobeperfurmedonadailybasis.Theoperation
ofthis“one-point”calibrationfunctioninvolvesshortingtogroundone
pinonthemainaltimeterconnector,andproducesananalogoutputcorresponding
toa fifty-footaltitude.

Ifitisdesiredtoobtainanadditionalcalibrationpoint,asisdonewith
theothertransducersinthesystem,eitheroftwotechniquesmaybeused.
Thesimplest,showninFigure36,insertsaknownlength(electricallength-
notphysicallength)bftransmissionlineintothecablingfromthereceive
antennatothealtimeter.Theadditionalcomponentsforthisfeatureare
twosingle-pole,double-throw,coaxialrelays(ratedforlowpoweratthe
altimetercarrierfrequency)oronedouble-pole,double-throwrelay,and’the
appropriatelengthofcoaxialcable.Whentherelayisenergized,theanalog
outputofthealtimeterwillbedisplacedanamountcorrespondingtoone-half
oftheelectricallengthoftheinsertedcable.

Figure37illustratesthesecondcalibrationscheme.Inthiscase,aknown
electricallengthoftransmissionlineisconnectedviaanattenuator,
directlybetweenthetransmitterandthereceiver.Sincetheantennasare
thusremovedfromthecircuitduringcalibration,therecanbenoconfusion
causedbyvaryingseaheight.Theradaraltimeterspecificationsclaima
0.1secondtimeconstantforthetransferfunction:altitudetoanalog
output. Iftheunitcanbedescribedasa linearfirstordersystem(very
possiblynottrueforlamestepinputs),then4.6timeconstants(=0.46
seconds)willbeneededfortheoutputtosettletowithin1%ofitsasymptotic
valuefollowinga stepinput.Sinceitseemsreasonablethatwaveaction
couldproduceseaheightvariationsofatleastseveralfeetduringthishalf
secondsettlingtime,itispr~bablypreferabletousethissecondcalibration
technique.
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3.4 PROGRAMMER/CONTROLLERSYSTEMTESTS

Thepurposeoftheprogrammer/controllersystemstestswastoverify,
throughsimulated,andwherepossible,actualinputsignals?theproper
operationofthesystem.Thetotalsystemconsistsofsixmajorcomponents
plusapowersupply(ship’spower),Figure38isablockdiagramofthe
overallsystemshowingtheinterconnectingcabling.

TheCollinsradaraltimeter(ALT-50)wastestedseparatelyasalready
described.A completedescriptionoftheCollinsradaraltimeteris
givenintheoperatingandmaintenancemanual(Reference26).Subsequent
testingoftheslamdataacquisitionsystemwasdonewitha simulated
altimetersignal;eitheradcsignalcorrespondingtoafixedaltitude
oravaryingsignalfroma laboratorysignalgenerator.

TheVishay2100systemsignalconditionerwascheckedoutthoroughly
duringthetransducerselectionphaseoftheprogram.Atourrequest
Vishayaddedaremotecalibrationcapabilitywhichinterfaceswiththe
programmer/controller.Thesystemisverysimpletoset-upandadjust.
Ithasagainrangeoffrom100to2000andbuiltincircuitrytohandle
1/4-,1/2-andfull-bridgetransducers.A completedescriptionofthe
Vishay2100systemisgivenintheoperatingandmaintenancemanual
(Reference27).

TheDatum9300time-codegeneratorisabasicunitcapableoffurnishing
anIRIG-B,time-code,pulsetrainwhichisusedwithintheprogrammer/
controllerforeventsequencingaswellasbeingrecordedsimultaneously
withtheslam.ThisunitisnotcapableofdecodingIRIG-Bortape
searchingasitisplannedtoperformthesetasksashoreduringthedata
reductionprocess.

AlldataarerecordedbytheAmpexFR-1300portabletaperecorder.This
unitisequippedwitharemote-controlcapabilitywhichiscontrolled
bytheprogrammer/controller.

Duringtestswiththeunititwasfoundthattheoriginaldesignfor
theremote-controlledswitchingwasnotadequate,andthesystemwas
redesignedtoincludea systemofrelays,whichhavenotyetbeen
installed.
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4.1 SELECTIONOFSHIP

4. FULL-SCALESHIPTESTPLAN

Numerousfactorshavetobeborneinmindintheselectionofa shipas
asubjectfora slamminginvestigation.

● Theshipshouldbeinnormal,commercialoperationinanarea,such
astheNorthAtlantic,inwhichsevereseastatesarelikelytooccur.

● Theshipshouldbeofatypethatispronetoeitherbottomslamming
(suchastheWOLVERINESTATE)orbow-flareslamming(suchasfull-
formedtankers,bulkfreighters,andhigh-speedcontainerships’jortoboth.

● Theshipshouldbeofmoderndesignandconstructionsothatthe
informationgeneratedbythetestswillbeofdirectapplicationto
currentdesigntechnology.

● Itwouldbeadvantageousiftheshipwasconcurrentlybeingusedfor
recordingothertypesofstructuraldatasuchasmidshipbending
stresses,waveheights,etc.Thesedatawouldprovidevaluable
corroborativeinformationforcross-correlationandwouldallowcon-
siderableeconomiestobeachievedininstallation,dataretrieval,
periodicmaintenanceandcrewtraining.

“Itwouldalsobeadvantageousiftheshiphadbeensubjectedto
previous-model-scaleevaluations.Thiswouldallowfulladvantageto
betakenoftheprevioustestresultsandwouldprovideusefulguidance
inmodeldesign,modeltankselectionandmodeltestplanning.

● Themostimportantconsiderationinshipselectionistoobtainthe
acquiescenceoftheownersandthecooperationofthecrew.The
previousexperienceoftheShipStructuresCommitteewillbemost
usefulinthisconnection.

4.2 FINALDESIGNOFlNSTRUMEFITATIONPACKAGE

a) InstrumentationLocation-- Oncea shiphasbeenselected,thefinal
designoftheinstrumentationpackagecanbeinitiated.Thefirst
stepwillbetodeterminethemostprobablesitesforslammingtooccur
andtoselectlocationsforthepressuregages,straingagesand
accelerometers.Atthisstageconsiderationshouldbegiventoinstalling
aconsiderablylargerarrayofgages‘thancanbemonitoredatonetime.
Thecostoftheextragageswillnotbelargecomparedwiththecost
sharingofinstallil,gtheextragagesatthesametimeasthebasic
set.Thepurposeoftheextrainstrumentswillbetoallowvarious
areasoftheplatingtobeexaminedatdifferenttimesindifferent
degreesofdetail,andwillalsoprovideasetofready-to-usespares
incasesomeoftheindividualinstrumentsfail.
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b) LocationofControlConsoles-- Oncetheinstrumentationsitehas
beenselected,bothfromthepointofviewoftheexpe~imentalcoverage
requiredandtheinteriorlayoutoftheship,asuitablelocationfor
thecontrolandrecordconsoleswillbeselected.Theseshouldbe
locatedasclosetotheinstrumentsaspossibletopreventunnecessary
lengthsofcabling,butshouldbelocatedwheretheyareaccessibleto
theoperatingpersonnel,we’llprotectedfromexposuretoweatherandto
accidentaldamage,andwheretheycausetheleastpossibleinterference
tothecrewintheperformanceoftheirnormal,shipboardduties.

A typicalshipboardinstrumentationconsolesystemisshowninFigure39.
TheoneshowninthisfigureisthatusedontheSL-7containership
andis,infact,considerablymoreextensivethanthatcontemplated
fortheslaminvestigation.

c) AltimeterLocation-- Thelocationofthealtimeterantennawillbe
selectedtocorrespondascloselyaspossibletothestationofthe
shipinwhichthegagesarelocated,sothattherelativewaveheight
measuredwillrepresent,ascloselyaspossible,thewaveheightat
theinstrumentedstation.

Itisstronglyrecommendedthattwoaltimetersbeused,oneoneach
sideoftheship,andthatthesignalsbeaveragedtoprovidea signal
representingrelativewaveheightattheshipcenterline.Thisis
representeddiagrammaticallyinFigure40.Theuseoftwoaltimeters
shouldcompensateforerrorscausedbyrollortransversewaveslope;
theassumptionmustbemadehoweverthatthewatersurfaceisflat
betweentheareascoveredbyeachaltimeter.Theshortcomingsof
thislatterassumptioncanbestudiedbystatisticalanalysesofthe
data.

d) Cabling-- A cablingplansimilartothatusedontheSL-7(Reference
8)isvisualized.ThecablingontheSL-7wasdividedintotwocate-
gories:shipcablingandtransducercabling.Theshipcablingpro-
videdthemainrunofthecablingfromtheinstrumentationlocation
tothecontrolroom,followingtheroutingofothershipwiringwherever
possibleandusingaseriesofjunctionboxesandmulticonductorcables.
Thetransducercablingconnectedtheinstrumentstotheshipcabling
junctionboxesviaintermediatejunctionboxeswhichwereusedtoallow
theactualtransducerandstraingageleadlengthstobestandardized.
Connectionsintohalfandfull-bridgecircuitsweremadewiththe
intermediatejunctionboxes.
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Figure39. SL-7InstrumentationSystem.(Reference8)
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4.2.1 AcquisitionandConstructionofInstrumentationSystem

Thecompleteshipset ofinstrumentswouldrequireacquisitionofthe
itemsinthefollowinglist.Whereknown,thecurrentlistpricesare
includedinparentheses.

1

4

2

20

10

2
or

(extra)CollinsRadarAltimeter ($2,300)

UBCorp.ModelAD43009Antennas ($ 200ea.)

GroovedAluminumGroundPlanes (-$360ea.)

BLHDHF-Spres~tireGage~’(Special ($ 400ea.)
per13LHDrawingNo.400887-1)

Signal-Condi’tioningChannels(1Vishay (-$400per
Instruments2100System) channel).

AiltechHermetically-Sealed,StrainGages (-$30ea.)
3 perlocation(2willsufficeifprinicpal

axesofstressareknown)(numberof
locationsisdependentontypeofship
andextentoftheinvestigation)

20 Pressure-TransducerMountingBlocks(see
Figure10).Willrequiremanufacture.

2 Antennamountingbracketswillrequire
design-andmanufacturetosuittheship
configurationandavailablelocal
structure.Thesebracketsshouldbe
adjustable,atleastduringthefirst
voyages,inorderthatthemosteffective
antennaorientationcanbeoptimized.

Miscellaneouscabling,connectors,etc.

Thebalanceoftheequipment,purchasedaspartofthecurrenttask,
islistedinTable2.
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4.2.2 Installation ofInstrumentationSystem

Alloftheinstrumentationsystem,withtheexceptionofthebottomplating
pressuregages,canbeinstalledwithminimalinterferencetotheship’s
normaloperation.Theitemstobebroughtonboardarerelativelysmall
andonceonboard,canbeinstalledwhiletheshipisinharbor
orunderway.Thebottom-platingpressuregages,however,require
hullpenetrationbelowthewaterlineandwwldingofthehullplating,
andwillhave tobeinstalledwhiletheshipisindrydock.Itmay
provetobeconvenienttoinstallandcheckouttherestoftheinstrumenta-
tionsystempriortotheinstallationofthepressuregages,dependent
uponthedrydockschedule,

Fordesignpurposesitismoreimportanttomeasureplatingstressthan
impactpressure.Maximumhydrodynamicpressuresgenerallyshowpoorcorrela-
tionwithplatingstressmeasurementsduetothefactthatthestressdepends
onthepressuretimehistoryandspatialdistributionaswellasthepressure
magnitude.Itmayprovetobemoreusefultoconcentrateonstraingage
measurementsontheshipandtorelatethesetopressuresbylaboratorytests.
Thiswouldhavetheadditionaladvantagethatstraingagesareverymuch
easiertoinstallandserviceona shipthanpressuregages.Inanycasethe
designofplatinginstrumentationshouldbecarefullymatchedtothatused
onthemodel.

4.3 PRELIMINARYTRIALS

Oncetheinstrumentationhasbeeninstalledandchecked
ofthesystemwillbecompletedduringthefirstoneor
willbenecessarytoplanforoneortwotechniciansto
theshipduringthisperiod.

Thealtimeteroperationwillbereviewedandthesignal

outjfinaladjustment
twovoyages.It
travelonboard

receivedwillbe
comparedwithactualwaterlevel.Theresponseofthealtimetertowave
actionwillalsobemonitoredforarangeofantennapositionsandorienta-
tionsinorderthatapositioncanbeselectedinwhichthesignalisas
freeaspossiblefromdisturbancescausedbythehullstructure,orthe
bowwave.

Thefunctioningoftheprogrammer/controllerwillbereviewedunderopera-
tionalconditionstoensurethattheproperresponsetothealtimetersignal
isachievedandthattherecorderdoes,infact,recordtheinstrumentation
signalsduringthemajorityofslamevents.Thecut-offpointsonthe
controllermayrequireadjustmenttoachievethis.

Duringtheseinitialvoyagestheoperationalprocedureswillbeworked
outwiththeship’screwandtheresponsiblecrewmemberswillbeinstructed
intheoperationandmino~maintenanceofthesystem,howandwhentochange
tapes,whatrecordsshouldbekept,etc.
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4.4 SHIPDATAREDUCTIONPLAN

4.4.1 CollectionofMagneticTapeRecord

Aftereachvoyagethetapesanddatalogsusedwillbecollectedandreturned
fordataprocessing.Theinstrumentationsystemwillbecheckedoutfor
properfunctioningandwillberefurbishedasnecessary.

4.4.2 Quick-LookDataAnalysis

Themagnetictapewillbeplayedbackthrougha simpledatareduction
systemthatwillbedesignedtoextractthefollowinginformation:

● Dateandtimeofeachslamorseriesofslams

● Maximumsignal(pressure,strainoracceleration)recordedduring
eachslamevent

● Timeelapsedsincelastslam

.Relativeverticalvelocityattimeofslam

● Indicatedrelativewaveheightattimeofslam.

Thispreliminaryanalysiswillenablea judgmenttobemadeastothe
valueofthedataandthecorrectfunctioningofthesystem.Itwillalso
providethebasisfora statisticalanalysis.

4.4.3 StatisticalAnalysis

Theslaminformationobtainedfromthequick-lookanalyseswillbeexamined
forstatisticalsignificance.Ifthenumberofslamsissufficien~histo-
gramswillbepreparedofsuchquantitiesas:

● slamseverity(intermofpressureand/orstrainsignals)

● numberofoccurrencesperunittime

● timebetweenslams

“relativeverticalvelocityattimeofslam

Asfaraspossibletheseanalysesshouldbeperformedautomaticallyin
orderthata largenumberofslamscanbeanalyzedinaconsistentmanner.

4.4.4 DetailedAnalysis

Asthedataaccumulatesfromanumberofvoyagesmoredetailedanalyses
willbecarriedout;thesewillinclude:
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✎

✎

✎

5.

Studiesofthetimehistoriesofindividualslams,includingtheinter-
relationshipsbetweenrelativevelocity,pressure,strainandacceler-
ation.

Analysisoftherelationship,betweenrelativeverticalvelocityand
impactpressures,includingacomparisonwiththetheorydescribedin
References15and17.

Analysisoftheeffectsoftheshipoperationalparametersonthe
severityandfrequencyofslamming.Theseoperationalparameters
includeshipspeed(r.p.m.),reportedseastate,headingrelativeto
theseaandconditionofloading.

Comparisonofexperiencewiththissystemwiththoseofprevious
experiments(Reference5,forexample).

MODELTESTPLAN

Oneofthemajorobjectiveshftheoverallfull-scaleshipslammingprogram
istodeterminewhatdegreeofcorrelationcanbeachievedbetweenmodel
testsandfull-scaleexperienceintheareaofslamming.Ifitcanbe
demonstratedthatslamseverityandfrequencyofoccurrencecanbepre-
dictedreliablyfrommodeltests,thenthiswillprovideaninvaluable
designtool.forfutureships.Theprocessofplanningamodeltestseries
consistsofthefollowingsteps:

● Selectionofa testfacility

● Designofmodel

● Designofmodelinstrumentationsystem

● Designofmodeldataacquisitionsystem

9Developmentofmatrixoftestruns.

Thesestepsmustbecarriedoutwithaclearunderstandingofbudgetand
schedulelimitationsaswellasthespecificobjectivesofthetest.The
stepsarediscussed,inturn,inthefollowingparagraphs.
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5.1 SELECTIONOFTESTFACILITY

Therearea largenumberofshipmodeltestfacilitiesavailableinthe
U.S.andoverseascapableofperformingtestsinirregular,two-dimensional,
headseaswithstructurallyinstrumentedmodels.Twoofthebestequipped
facilitiesintheU.S.arethoseattheDavidsonLaboratoryofStevens
InstituteofTechnologyandvarioustanksattheDavidW.TaylorNavalShip
Research~DevelopmentCenteratCarderock,Maryland.Theonlyfacility,
inthiscountry,whichiscapableofconductingtestsinirregular,two-
dimensional,obliqueseasistheManeuveringandSeakeepingBasinat
DTNSRDC,Carderock.Theextracostinvolvedinconductingtestsinthe
obliqueseafacilityisprobablynotjustifiedatthistime,particularly
astheseverebottomslamconditionsareusuallyencounteredinheadseas.

Toa largeextenttheselectionofthefacilitydeterminesthescaleof
themodelaseachfacilityhaswell-definedlimitationsonphysicalsize,
maximumcarriagespeedandthemaximumsizeofwavethatcanbegenerated
ina stableandrepeatablemanner.Inaninvestigationoffull-scale
slammingitisprobablythelatter(sea-state)limitationwhichwillbe
foundtobecritical.

5.2 DESIGNOFTHEMODEL

Themodelwillbedesignedtorepresentthesubjectshipgeometrically
anddynamically.Astheemphasisofthetestswillbeonslammingand
wave-inducedstructuralloadingitwillnotbenecessarytoemploya
self-poweredmodel.Considerationshouldbegiventousingafree-to-
surge,sub-carriage,towingsystemifthisisavailableatthetest
facility.Themodelshouldbemountedinsuchawaythatitisfreeto
heave,pitch,surgeandroll.Iftestsareonlyconductedinheadseas
therollfreedommaynotbenecessary.Themodelshouldbeoflight
constructionsothatthecenter-of-gravityandpitchmomentofinertia
canbeproperlyadjustedtocorrespondtoalloftheshiprsoperational
loadingconditions.Inbottomslam,forexample,thelight-loaded
conditionislikelytobeparticularlysignificant.

TWOtypesofmodelshavebeenusedwithsuccessinstructuralloadtests:

-Rigidvinylmodels- Rigidvinylhasthespecialpropertythat
itselasticmodulusisl/30thofthatofsteelsothatmodels
canbebuilttomodeleachcomponentofthestructureofthe
shipinsuchawaythatmodelstrainapproximatesthestrainof
thesamecomponentoftheshipundersimilarconditions.
Disadvantagesofthesemodelsarethattheyarecomparatively
expensiveandtheinstabilityofthematerialrequiresspecialized
handlingandtestingtechniques(References28and29).

/
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wSegmentedmodels- Inanumberoftestprogramsforconventional
(References8and30)andforadvancedmarinevehicles(Reference
31),segmentedmodelshavebeenused.Thesemodelsarebuilt
intwoormorepieces,dividedbyverticalcutsatselected
sections(ifthereisonecutitisusuallyasclosetoamidship
ascanbearranged).Thecutsinthemodelarebridgedbystrain
gaugedstructuralmembers.Non-load-carryingflexibleseals
areusuallyusedtofairthegapshydrodynamically.Insome
cases(Reference31,forexample)thestructuralbridgemembers
aresodesignedthattheship’sfundamentalfrequenciesof
vibrationaremodelled.Inthiswaywave-inducedandslam-induced
shearsandbendingmomentscanbemeasuredatthelocationsof
thetransversecuts.

Itisrecommendedthatamodelofthistypebeconstructedfor
theproposed,model-scale,slaminvestigation.

5.3 DESIGNOFTHEMODELINSTRUMENTATIONSYSTEM

Asfaraspossible,themodelinstrumentationsystemshouldmodeltheinstrumen-
tationofthefull-scaleship.Thepressuregages,relativevelocitymeasuring
devicesandaccelerometerlocationsonthemodelshouldcorrespondtothoseon
theship.I.ftheshipisequippedwithstraingagestosensemidshipbendingmo-
mentthenthemodelshouldbesegmentedatthecorrespondingstationorstations.
IrIparticular,themodelshouldbeequippedwithawave-heightmeasuring
deviceascloselysimilarinlocationandtype,tothatontheship.At
DTNSRDC,forexample,aWesternMarineElectronics,Inc.sonic-type,
relativewave-heightsensorhasbeenused;considerationshouldbegiven
totheuseofthismeterduringthemodeltests.Alternatively,a simple
probe-typeheightsensorcouldbeusedeffectivelyalthoughthepoint
readingobtainedinthiswaywouldnotcorrespondexactlytotheaveraged
datasensedbythealtimeterontheship.

Model-scalepressuregageshavetobeselectedandtestedwithgreat
care(Reference19).Theirsmallsizeandthecomparativelylowvaluesof
thepressurestobemeasuredcombinetomakethepressurepulsesignals
difficulttodistinguishfromnoiseproducedbythermalshockandimpact
acceleration.Itisoftenfoundthattheaccelerometersandstraingages
yieldmoreusableinformationthanthepressuregages.

RecentexperiencewiththeXR-lDsurfaceeffectshiptestcraft(Ref.33)
suggeststhatmuchlargerpressuregagesthanhavebeenusedpreviouslycan
giveinformationthatisofmoreusetothedesignerthantheverytransient
peak-pressureinformationprovidedbysmallpressuregages.OntheXR-lD
eight-inch-square,strain-gagedpressurepanelsareused;thesizewas
selectedtocorrespond,approximately,tothesizeofaplatingpanelon
thefull-scaleshipofwhichtheXR-lDisaone-fifth-scalemannedmodel.
Considerationshouldbegiventousingappropriatelysizedpressurepanels
onthemodelthatwouldberepresentativeofanequivalent,largerareaon
thefull-scaleship.
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5.4 DESIGNOFMODELDATAACQUISITIONSYSTEM

Thedataacquisitionsystemforthemodelshould,again,closelymodel
thatproposedforthefull-scaleship.Sufficientdatashouldberecorded
toallowmeaningfulstatisticalanalysestobecarriedoutandalsoto
allowdetailedtimehistoriesofselectedslamstobeexamined.The
advantageofmodel-scaletestsisthat.considerablymoreinformationis
availabledu~inga slamevent;thepitch,heave,waveheightandmodel
speedareallknownquantities.

5.5 DESIGNOFMODELTESTMATRIX

Themodelwillbetestedoverarangeofspeeds,sea-statesandloading
conditionsthatatleastcoverallconditionsthattheshipislikely
toencounter.Themodelshouldberunatslightlyhighercombinationsof
speedandsea-statethanthosesu~tainedbythefull-scaleshipto
ensurethatafullparametricstudycanbemade.Itisoftennecessary,
idseakeepingtests,toconductanumberofrepeatrunsineachcondition
toensurethata sufficientlylargestatisticalsampleisobtained.
Oncethemodelandfull-scaletestshavebeenconductedaconsiderable
correlationeffortremainstobeperformed.Themodelandfull-scale
testsshouldbematchedandcomparedbothdeterministically,inindividual
cases,andstatisticallyforgroupeddata.

6. CONCLUSIONSANDRECOMMENDATIONS

Aninstrumentationsethasbeendevelopedforuseininvestigatingthe
slammingexperienceofa full-scaleship.Methodsfortreatingboth
bow-flareandbottom-slamminghavebeenconsidered.Theinstrumentation
setiomprisesa setofselect~instruments,anFMtaperecorder,anda
programmer/controllerusedtocalibratetheinstrumentsandusedfor
sensingtheonsetofslamming.

AparticularfeatureoftheinstrumentationsetistheuseofaCollins
radaraltimetertosensetherelativeheightofthewaveat’thetransducer
locationandtoallowrelativevelocityattheinstantofslamtobe
measured.

Thevariouscomponentsoftheinstrumentationsethavebeendesigned,
assembledandcheckedoutina seriesoflaboratorytests.

A planhasbeenoutlinedfortheinstallationofthisequipmentonboard
ship,fortheprocessingoftheresultingdataandfortheperformance
ofa parallelsetofmodeltests.

69



Thefollowingrecommendationsaremade:

1.

2.

3.

4.

5.

Thatplansbemadetoinstalltheinstrumentationon-boardshipin
twophases.Thefirstphaseshouldincludetheinstallationofthe
radaraltimeter,thecontrolandrecordingconsolesanda simplified
instrumentationsuiteconsistingofselectedaccelerometersand
straingages.

Theobjectiveofthefirstphaseoftestingwouldbetostudythe
performanceofthexadaraltimeterasadevicetomeasurerelative
heightandrelativevelocity.Theproperfunctionsofthecontrol
andrecordingsystemscouldbedeterminedatthesametime.

Onceassurancehadbeenacquiredthatthealtimeterprovidedadequate
informationandthatthesystemwasfunctioningproperlythenthe
secondphasecouldbeinitiatedcomprisingtheinstallationofthe
fullsetofpressuregageswhentheshipisdry-docked,andthe
completesetofstraingagesandaccelerometers.

Itisrecommendedthata seriesofcorrespondingmodeltestsbe
performedusingamodeloftheinstrumentedship.Themodel
instrumentationsetshouldbedesignedtorecordthesameinformation
asthatobtainedonthefull-scaleship.

Individualrecommendationsastotheequipmenttobeincludedinthe
instrumentationsethavebeendescribedinthebodyofthisreport.
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A. DESIGNOFTHEPROGRAMMER/CONTROLLER

A.1 PROGRAMMER-CALIBRATIONSEQUENCERBOARD

GeneralDescription

Theprimaryfunctionofthiscircuitboardistwo-fold.Eve~y24-hour
periodtheboardgeneratesa signalwhichstartsanintegrationprocess
designedtoyieldanewmean-waterlinereference.Whiletheaboveis
takingplace,thenecessarycommandsaregeneratedtostarttherecorder
andintroducea threeB-step,calibrationprocess.Theautomaticcalibra-
tionprocessisinitiatedalongwiththemean-waterlinedeterminationat
areadingofzerohours,zerominutes,andzerosecondsonthetime-code
generator.

FunctionalDescription

Theprogrammerboardreceivesaparallel,binary-coded,decimaltimefrom
thetimecodegenerator.[JlthroughU6areTTLone-of-tendecoders.Each
decoderdecodesthosedecimalnumberswithineachdecaderequiredto
generatethetimingsignalslistedbelow.Eachoutputusedisanegative
goingpulse,thedurationofwhichisonesecond.

Time, Signal

00:00:00 A-onesecond,recorder-startpulse(pinD)togetherwith
00:00:01 itscomplement(pinC).

00:00:04 A 0.5Hz,square-wave,CalllA!~~omandisgeneratedfora
00:00:10 periodof6seconds.This5voltsignalavailableonpinE

willcycleacalibrationresistorintoonelegofeach
strain-gagetransducer3timesduringthe6-secondperiod.

00:00:10 A 0.5Hz,square-waveCallIBITcommandisgeneratedfOra
00:00:16 periodof6seconds.This5voltsignalavailableon

pinFwillcycleacalibrationresistorintoanotherleg
ofeachstraingagetransducer3timesduringthe6-second
period.

00:00:16
00:00:22

00:00:22
00:00:23

A 0.5Hz,squarewaveCalTIc!!Comandisgeneratedfora
periodof6seconds.This5voltsignalavailableonpinH
willcyclethebridgepowertoeachtransducer3times
duringthe6-secc)ndperiod.

A one-second,negative-goingrecorderstoppulse(pinJ).



Time Signal

00:00:00 A one-minute,positive-goingpulse(pinP)togetherwith
00:01:00 itscomplement(pinK)whichenablesthewaveheight

integratorforadeterminationandstorageinmemoryof
themean-waterlinereference.

00:00:00 A low-going,two-minute,integrationsignaltobeusedin
00:02:00 theeventaone-minuteintegrationisinsufficient.

Note: Ifatwo-minuteintegrationisrequired,makethefollowing
changestotheprogrammerboard:
1) DisconnectwireonpinKofcardandwirepinK“toU9pin6.
2) DisconnectwirebetweenpinPofcardandU9pin4 andconnect

pinPofcardtoU9pin5.

Theoutputsofthedecimaldecodersareinvertedbythehexinverters
U7andUS.U1O,Ull,U12,(triple4 inputnandgates)andpartsofU9
(hexinverter)dothenecessarydecodingtoyieldsetandresetpulsethat
markthebeginningandendingofeachofthe6-secondcalibrationperiods.
Thesesetandresetpulsestogglethedualflip-flopsU13andU14toyield
the6-second-long,positivelevelcorrespondingtoeachcalmark.The-flip-
flopoutputsareusedtogatethe.5Hzsquarewavethroughthedual-input
nandgatesinU15.

The.5Hzsquarewaveisderivedfroma 1Hztime-codegeneratoroutput
bydividingitinhalfwithaJ-Kflip-flopwiredfrom1/2ofU13.

TheintegrationcommandsaresimilarlydecodedfromtheoutputsoftheBCD
todecimaldecoders.

ThetuningwaveformsillustratedinFigureAlshowsthefunctionsofthe
variouscircuitelements.FigureA2showsthecalibrationarrangementused
fortheradaraltimete~.

A.2 WAVE-HEIGHT-AVERAGERBOARD

GeneralDescription

Thefunctionofthisboardistoreceiveandutilizetheoutputofthe
altimetertodetermineanaveragewaterlinereferencedenotedherebyX.
Thisreferenceistheaveragedistanceinfeetfromthealtimetertothe
water.Theanalogoutputfromthealtimeterisbufferedandfiltered
priortobeingintegratedforaperiodof60seconds.(Theintegrationtime
isdeterminedbytheprogrammerboardandwilloccurevery24hours).The
analogaveragedwaterlinereference~ issampledand‘heldlongenoughto
beconvertedtoaparalleldigitalwordwhichisstoredfor24.hours.A
digitaltoanalogconverteroutputsthestoredwordthroughaninverting
amplifiertoyieldthefinaloutputz ofproperpolarityforcomputations
performedbytherecordercontrolboard.Therearefacilitiestoinputany
desiredITvaluemanuallyintheeventthestoreddataarenotused.
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FunctionalDescription

Theoutputsignalfromthealtimeterisbufferedbya 747operational
amplifiercontainedwithinintegratedcircuitU1.Thisamplifierperforms
twomainfunctions.Itprovidesa D.C.offsetto compensateforthe0.4VDC
levelalwayspresentonthealtimeteroutputandit providesatwo-pole,low
passfilterwithfc=5Hz.Theoveralllowfrequencygainofthisbuffer
is unity.Thebufferedaltimeteroutputx is routedto theRecorderControl
Boardvia pin5andtoanintegratorU2.Theintegratoroutputis normally
clampedto zero bythesolid-state,two-poleswitchU3whichshortsthe
integratingcapacitorC (seeFigureA3). Uponreceivinganintegrating
commandfromtheprogrammerboard,U3/SlopensallowingU2tointegrate
fortheprogrammedtime.Since,

rt=60
1

e = ——
0 J‘c t=o

ThevalueofRCissetto
oftheintegrator.

A.3 RECORDER-CONTROL

GeneralDescription

eidt

yielda scale factorof0.1v/ftattheoutput

BOARD

Thebasicfunctionofthisboardis to determinewhenthewavetrough
dropsto some predeterminedthreshold(indicativeofa forthcomingflare
orbottomslam), starttherecorder,stoptherecorder,recycleordelay
shutdowninamannertocaptureontapealltransientdataassociated
witheveryslam.Inorderto understandtheruncriteria,thegeneral
parametersandtheirrelationshipsareshowninFigureA4.

Priortorunning,a decisionmustbemadeas to whichtype ofslamswill
berecorded(i.e. flareorbottom).A switchonthefrontpanelmustbe
setaccordingly.Whentheproperthresholdcriteriahasbeenrecognized,
a recorderstartsignalis generatedandmaintainedfora variabletime
afterthecriteriais no longermet(i.e.thewavetroughhavingrisen
abovethethreshold).Theentirecycleisretriggerableintheeventthe
wavetroughoncemoreexceedsthecriteriaeveniftherecorderis stillin
thedelayedstopportionofthepreviouscycle.

FunctionalDescription[seeFigureA5)

xandx’arebufferedinthedual,op-ampcircuitsofU1.Thebufferfor~
isunitygainsincethescalefactorhasbeenestablishedas0.1v/ftby
theWave-Height-AveragerBoardorthemanual,draft-controlpotentiometer.
Thex’parameteris givena gainof.5tomakeincompatiblewiththeY
signal.Inaddition,a 3-Hz,low-pass,filterfunctionisalsoprovided
forx’byfeedbackcapacitorinitsbufferamplifier.Thebufferedx!
signalis now denotedas-X:
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Thetwo747opampsinU2operateonX3, -X, and-xasdifferencingcircuits
toyieldthetwooutputsx2andX4.

x2isroutedtooneinputofa comparatormadeupof1/2ofu3. EitherX4
or-x4(dependingonwhichslammodeisbeinginvestigated)isroutedto
theotherinput.Thusforthecaseoftheflaremodewhenlx I> IX21,

2thepolarityofthex4inputatthecomparatorisnegativean sincethe
twoparametersaresummedatthenegativeinputtheoutputgoespositive.

Itisthispositivelevel at pin7thatisusedastherecorderstartsignal.
ThestartsignalperformsrelaydrivefunctionsontheDriverBoardandis
routedbacktotheControl.Boardviapin6. Thestartpulsewillstay
positiveaslongasX4> X2. Whenthiscriteriaisnolongermet,the
negative-goingedgeofthestartsignaliscapacitycoupledintothe
triggerinputof1/2 of U4. U4 is a dual,555timer,eachhalfofwhich
is wired as a oneshot. Thefirstone-shotgeneratesapositive-goingpulse
ofvariablelength(dependingonthestop-delay-potentiometersetting)
upontheinputfallingedgeoftherecorder-startsignql.Itisthis
oneshotthatdeterminesthelengthoftimethattherecorderwill runafter
thewavetroughhasrisenabovethethreshold.Aftertheappropriate
delay,thenegativegoingedgeofthefirstoneshottriggersthesecond
halfofu4. Thisoneshotoutputsa one-second-long,stoppulsesufficient
tostoptherecorder.Itisa featureofthe555timerthatifthereset
line(pin4 ofU4)ismomentarilyheldatgroundsimultaneoustothe
applicationofa triggersignal,theentiretimingcycleisrepeated.U5
andU6providetherecyclepulsetoenabletherecyclefeature.

A.4” RELAY-DRIVERBOARD

GeneralDescription

TheRelay–DriverBoardprovidestheinterfacebetweenthelowleveldrive
signalsgeneratedbytheotherboardsinthesystemandtheAmpexFR1300
andstraingageamplifiers.Itconsistsofa numberof5VDCdiprelays
whichperforma numberoffunctionssuchasapplying28VDCtothecalibrate
relaysinthestraingageamplifiersaswellasmakingcircuitclosures
ontheAmpexremotecontrollines.

Examinationoftheschematicindicatesthatonlythreebasiccircuitsare
used.Some7400seriesnandgatesprovidesomesimplelogicandsignal
conversionwherenecessary.Opencollector7406invertersareusedas
currentsinksforthethirdelementsontheboardwhicharethedriverelays.

SincesomeconversiontimeisrequiredoftheA/Dconverter,U4inconjunction
withU3/S2providesasampleandholdcircuittoholdthevalueX sufficiently
long.DuringtheintegrationperiodU4actsasaninverter.S2openswith
thedisappearanceoftheintegratecommandsignalholdingtheoutputofU4
atthedeterminedaveragevalue%.
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The8-bitA/DconverterU7isa successiveapproximationconverteroperating
fromitsinternalclockandinitiatedbythenegativegoingedgeonthe
inverseoftheintegratecommand.Thisedgecoincideswiththemaximum
outputoftheintegrator.Whenconversioniscomplete,theconverter
statusoutput(pin3ofU7)goeslowsettingthebinarydatabitsinto
thetwq4-bitlatchesU5andU6.ItisU5andU6thatprovidethememory
functionfortheaveragedwaterlinereference.

U8isa 10bitD/Aconverterwhichisbeingusedinan8 bitconfiguration.
Itcontinuallyoutputsinanalogform,thebinarydataitreceivedfromthe
two,4-bitlatches.Another747opampisutilizedinthesecondhalfofU1
toinvertthenegativeoutputfromtheD/Aconverterandprovidex foruse
bytheRecorder-ControlBoard.

A.5 WIRINGDIAGRAMS

ThefollowingwiringdiagramsareattachedasFiguresA6throughA1O:

FigureA6:

FigureA7:

FigureA8:

FigureA9:

FigureA1O:

FigureAll:

Programmer-Calibration-SequencerBoardLogicandWiring
Diagram.

Wave-HeightAveragerBoard.

Recorder-ControllerBoard.

Relay-DriverBoard

VishayRelayBoardInstallation.

ChassisWiringDiagram,SystemProgrammer.

85



0 7
1

6 5 + 4 3 2 1
, ......

‘5’”-–-=-—–1––- 1
D

—

,., . c, - ------ . .-=.

JJr-kiB

14 LI
..l’E13xiwP.-“w

555TIMERk DIP—

H9

u19

FL..46



I

H
.
—

+%m-.R
LM0!4

‘1 +Isv

& -n v

“6 2

U4 =
l—

4 1

—-
1 .15V , 15V ●5V

Iw+E-1
1 I I t I I I IT.L,.”R” G

..—. -— . .
t

D

-87-



.

0 I u 4 m III ICI0 +ILIA:

.

.

1 I,.., _
.— I

t r-



4

m‘+1.
[

_LwL__

DRIvE
., -.,

I!zllWmC4P.1

1’+

K

nEruRm R—.
,L.i
,“

-89-



1

r’

I
I

I
I
L.

.J’

——-

--—

.

.--— ---- ———. ——-— ——-— --—- —I

Ii
II

z

EEi
6-



1 \ .

.

—

“

.

‘4

1

!
— Ili%k%lllz+llll—

t-



APPENDIXB

LISTOFGOVERNMENTFURNISHEDEQUIPMENT

(MTERIALREcEIvEDFROMTELEDME)
(7/28/76)

92



Payne,Inc.

MaterialReceivedfromTeled~e

ContractNo.NOO024-76-C-4399

Full-ScaleSlamInvestigation- ShipStructuresCommittee

Unitof
Item Description Issue

1 C222BGFSignalCond.Equipt 1
Consistsof:
4BGFInputCond.PC-2423 S/N’s2560,3696,

3699,2590
4B~FPoweTSupplies3O-1OOFS/N’s1626,2261,

1994,2471
4B&FAmplifiers600-100 S/N’s7619,1486,

3644,1489
1B&FModel15-200FPowerSupplyInstrumentationManual

2 C240AmpexPortableTape 1
Recorder14Track

Consistsof;
1AmpexFR-1300Recorder/ S/N9170584
ReproducerSystem9435208000

6FMReproducecards
1VoiceLogcard
13FMRecordcards
1DirectRecordCard
6AmpexFMReproduceFilterUnits(60IPS)Cat.#46390-11
6AmpexFMReproduceFilterUnits(3-3/4IPS)#46390-51
6AmpexFMReproduceFilterUnits(1-7/8IPS)#46390-61
1AmpexDirectReproduceEqualizer(6oIPS)Cat.#69117-11
1AmpexDirectReproduceEqualizer(3-3/4IPS)#69117-51
1AmpexDirectReproduceEqualizer(1-7/8IPS)#69117-61
1Ampex69650ES-1OOSignalElectronicsOperationand

MaintenanceManual
1Ampex24036FR-1300Recorder/ReproducerOperationand

MaintenanceManual

3 C249HumphreyPendulums 2
Consistsof:
2ModelCP17-0601-1HumphreyS/N’sH2095,H3390
Pendulums

4 C250SetraLinear
Consistsof:
2Model100+5g
2Model10G~2.5g
1Model100~2.Og

Accelerometers5

S/N’s2074,072
S/N’s1360,070
S/N 068

Comments

Mountedin
cabinetbutnot
currentlybeing
used.Recommend
theynotbeused.

Incorporatedin
systemas
principal
recordingdevice.

Incorporatedin
instrumentation
package.
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Item

s

6

7

8

9

10

11

Unitof
Description Issue

C299IngersolInstrumentCabinets3
Consistsof:
377”HighCabinets

C304AutomationInd.Digital 1
StrainIndicatorPortable

Consistsof:
1AutomationInd.(BUDD)DigitalStrain
IndicatorModelNo.P-350 S/N 004541

1AutomationInd.ModelP-350DigitalStrain
Indicator(Portable)InstructionManual

C317Hewlett-PackardElectronicVoltmeter1
Consistsof:
1Hewlett-PackardElectronicVoltmeter
Model41OC S/N550-07532

1Hewlett-Packard41OCOperatingand
ServiceManual

C342LambdaPowerSupplies/RackAdapter2
Consistsof:
2LP411FMPowerSupplies S/N’s2914,A2955
,1InstructionManual(LP400series)

C342LambdaPowerSupplies/LockConttols2
Consistsof:
2LP412FMPowerSupplies S/N’sA2549,A1800
1InstructionManual(LP400Series)

C351Seth-ThomasShipsClock 1
Consistsof:
1Seth-ThomasShipsClock

C376SimpsonElectricVoltOmhmyst17”Scale1
Consistsof:
1SimpsonModel269,’Series2Portable
VOMand,Leads

Comments

Serviceable
butincomplete.
Usedinassembly
ofcomponents.

Inoperative.
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MaterialReceivedfromTeledvne(Con’t.)

Item-

12

13

14

15

16

17

18

Unitof
Description Issue

C393TextronicOscilloscope 1
ModelRM15
Consistsof:
1TektronixOscilloscope S/N003584
TypeRM13

1TypeRM15InstructionManual

C404LambdaFMPowerSUpplies/ 4
RackAdapter

Consists of:
4LP411FMPowerSupplies S/N’s2488,A2067,

(0-20VDC) 2741,A2963
1InstructionManual(LP400qeries)

C414API/Instr.Mic~ommeterControl]
Relay

Consistsof:
1APIInstrumeotqCo.Micrometer
ControlRelay

Eastech,Ltd.WavebuoyRecorderSystem1
Consistsof:
1EastechLtd.Model440Wave
DataAcquisitionUnit

1SonyModel250StereoTapeDeck
1Model440waveDataAcquisition
SystemOperatingManual

BGFDifferentialAmplifier(Spare)1
Consistsof:
1BGFModel6OO-1ODAmplifierS/N12191

ToolBoxwithSetofSmallHandTools 1
Consistsof:
1ToblBoxw/assortedhandtools

C1333WindSpeedandDirectionInstrument1
Consistsof;

Comments

Usedfor
checkoutof
programmer/
controller.

1WindDirectionIndicatorSendingUnit
1CupAnemometerSendingUnit
1Danforth/WhiteApparentWindDirectionIndicator
1DanforthWindSpeedIndicator(MPH)
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NOTONINVENTORY

Item Description

2 29-1/2”HighIngeisol
InstrumentCabinets

1FormicaBenchTop

1TorkTimerModel1M8001

Unitof
Issue

2

1

1

Comments
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