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ABSTRACT

Inrecentyears,marinetransportationhasdugitswayintothelivesof

ordinarypeopleandmanufacturerswiththeneedofquick&economic

transportationsystem forsmallgoods.Although,marinetransportation

mayhavesometemptingperksandjoysbutitcomeswithahefty

packageofcomplications&dangersaswell.Ablownengine,abroken

shaft,atetheredpropeller,orcrackedhull,happenstobethefewmost

commoncomplicationsofamarinevoyage.Anemergencypowersupply

system forsuchvehicles,i.e.small-loadmarinevehicles,turnsouttobea

must.Thisdilemmaisquitesolvablewithasimplisticsetupthatislight

enoughtobecarriedinthestorageandyetpowerfulenoughtogive

significantthrusttotheboat.Thisresearchis,although,amereprototype

ofarenderedmodelbutissignificantinunderstandingthedynamicsof

usinganexternal&portablepowersupplyonsmall-loadmarinevehicles.

Thedesignofthepropellerbladeismadewiththeexistingmodifications

andspecifications(Eppsetal.2015).Mostofthemarinemanufacturers

focusonimprovingtheefficiencyorimprovingthedesignsofdifferent

sectionsofthepowersupplysetupsuchaspropellerbladeefficiency,

weightcapacity,outboardefficiency,ormaterialforthepropellerblade.

Thismadeitevenmoreessentialtocomeupwithapowersupplysystem

thathelpswiththevarietyofemergenciesasmentionedaboveoreven

actasanadditionalpowersupplytothosesmall-loadmarinevehicles

whichrequireaspecificamountofthrusttohelpthem avoidanyprobable

calamity.
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Chapter1 Introduction

1.1 Projectbackground

Similartoautomobiles,majorityofthesmall-loadmarinevehicles/boats

useanenginetogeneratepower.Theyusesimilarfuelsandnearlythe

samemechanism totransmitthepowergeneratedbytheengine.In

moderntimes,majorityoftheboatsuseoutboardmotors.Anoutboard

motorissimplyan enginewith ashellthattransmitspowerto the

propellerbymeansofacrankshaft,agearbox&atailshaft(Mishimaet

al.Nov1999).

1.2 Researchpurposeandmeaning

Thistypeofpowersupplysystem grew rapidlyamongstthevarietyof

boatssuchasfishingboats,dinghyboats,deckboats,Bowriderboats,

cuddycabinboats,centreconsoleboats,trawlerboats,gameboats,

motoryachtboats,runaboutboats,wakeboard/skiboats,pontoonboats,

etc.Asitgrew popularamongstavastvarietyofboats/small-load

marinevehicles,theinevitabledrawbackssoonstartedemergingtothe

surface.Boatmotorscamewithaninterestingsetofdrawbackssuchas

theexpensivematerialusedformakingthepropellerblade,propellerwear,
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novicedry-docking,physicaldamage,repairrequirements,edgechipping,

etc.(MayorHG,Jan2013)

1.3 Objectiveofstudy

Since the discovery ofthe very firstboat(LawlerA,June 2002),

researchershaveconvergedtheirvisiononextentofloadefficiencyof

boats,extentoffuelefficiencyofboats,orpropellerefficiencyetc.But

whenitcomestoworstcasescenarios,onlyahandfulofstudiescome

up.

Anindividualwhosedailyworkisonasmall-loadmarinevehiclefacesa

significantnumberofchallengessuchas:

• Abruptlossofpowerinbothinternallyorexternallypoweredboats

• Fractureorfailureofpropellerblade

• Fractureorfailureoftransmissionshaft(s)

• Failureofmotorsetupwhilestart-up

• Errorsinpowersupplychain.

These hindrances mark the need ofthe hourforsmall-load marine

vehicles.Itis,although,achallengetoovercomealloftheseinterferences

inonegoorwithasinglestudy.Keepingtheparametersinmind,an

optimalsolutionwouldbetohaveanadditionaloremergencypower

supplysystem.Thisprototypeisdesignedwiththesameprinciplesand
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parameters.Anin-depthstudyislaidoutfurtherinthisresearch.

Chapter2 Literaturereview

2.1 Introduction

Themarinesystem & equipmentmanufacturersmaynotdegradethe

qualityoftheequipmenttheymanufacturebuttheycertainlyhaven’t

observedtheselittlediscrepanciesthatoccurratherfrequentlyinsmall-

loadmarinetransportationsystems.Theseproblemsmayseem littlebut

theyarecertainlynotasthescaleatwhichthesmall-loadmarinevehicles

areused(commercially&non-commercially)hasbeenincreasingsince

theverybeginning.Andsubsequentlyanumberofobstaclesarepresent

ineverypath.Theseobstaclesneedtobetakenintoconcernandworked

upontoreducetheirimpactonthemarinevoyage.Thisresearchisnotto

bringtheflawsofmarineindustryinthelight,rathertoenlightenthat

aspectofthisindustrywhichlostitsvaluewithtime.

2.2 Reviews

1.MarinePropulsionSystem

Apropulsiontransmissionforashiphavingareversiblydrivenpropeller

shaftwithafixedpitchpropellerandatorqueconverterofthesingle

stageandfixedhousingtypefordrivingthepropellerinthereverse

direction.Aplanetarygearsystem isprovidedfordrivingtheshipina

forward direction and a disengage-able friction plate type brake is

connected betweenthetransmissionhousing and theplanetarygear

system andforforwarddrive.Thebrakeisengagedtoanchoraportionof

theplanetarygearsystem to drivesaid propellershaftinaforward

direction.Thebrakeisdisengagedwhenthetorqueconverterisdriving

the propellershaftin the reverse direction.Oneembodimentofthe
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inventionalsoincludesafrictionplatetypeclutchconnectedbetweenthe

planetarygearsystem andthepropellershaftfortransmittingpowerto

thepropellershaftinaforwarddirectionwhenthebrakeisdisengaged.

JamesBBlack,17July1984

2.WindTurbinePropulsionofShips

Inthispaper,thebenefitsandlimitationsofwindturbinepropulsionof

shipsarediscussed.Whendesigningthewindturbinebladesforawind

turbine-poweredvessel,theobjectiveistomaximizethenetforwardforce

i.e.waterpropellerforce minusthe force on thewind turbine.This

objective results in a differentblade design than thatofmodern

commercialhorizontal-axiswindturbines.

■ OPTIMALWINDTURBINEDESIGN

Axialmomentum theoryConsiderawindturbine-poweredshipthatis

sailingatanangleθ0totheapparentwind,thetruewinddirection

relativetotheshipcourseisθ.ThewindspeedisW andtheshipspeedis

u,whichtogethergivetheapparentwindspeedU.From axialmomentum

theory(Hansen,2008),thecomponentoftheforceonthewindturbine

paralleltotheship’scourseisgivenbyFW =2ρaU2a(1−a)Acosθ

whereρaisthemassdensityofair,Aistheturbinerotordiskarea,and‘a’

istheaxialinductionfactor.

BladeelementtheoryBlackford’sapproachisappliedtodesignthewind

turbinebladesforanotionalwindturbineship.Theapparentwindspeed,

withrespecttothewindturbinepoweredvessel,isgivenbyU=W (1+f2

+2fcosθ)1/2,wheref=u/W istheshipspeedtowindspeedratio.

■ FUELSAVINGFORANOTIONALWINDTURBINESHIP

Inthefollowingcalculations,a150m longshipwiththesamehullas

studied in is theoretically fitted with a four-bladed 39 m diameter

horizontal-axiswindturbineforauxiliarypropulsion,andsettosailthe

route Peterhead -Bremerhaven – Peterhead,This route is chosen

primarilyduetotheweatherstationsincloseproximitytotheroute,for

whichstatisticalwinddataisavailable.Therouteisdividedinto8legs,

wherethewinddataforeachlegistakenfrom theclosestweather
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station.

■ COMPARISONWITHWINGSAILS

Thefuelsavingattainedfortheoptimizednotionalwindturbineshipis

comparedwiththatofanotionalshipofthesamedimensions,using

wing sails instead ofa wind turbine forauxiliary propulsion.The

maximum possiblesailareaforaparticularship,isSA=K·D2/3,(34)

whereDisthevolumedisplacementoftheship,andKisaconstant.

WindturbinediametervspoweroutputforVestas’windturbines,andship

lengthvsrequiredpropulsivepowerforscalingofaVLCChull.

EirikBøckmann,SverreSteen,June2011

3.SHIPPROPULSIONSYSTEM

During the pastdecade various types ofships have been used in

shipbuilding depending on theirpurposes(shipsforspecialpurpose,

tankers,passengers’linerandetc.).Correctchoiceofpropulsionsystem

hastobemadeininitialdesigninginorderfortheshipstoachievetheir

purposes.Electricalpropulsionhasbeenrecentlygivenadvantageover

mechanicalpropulsion,thefinalchoicedependingonflexibility,safety,

cost,maintenance cost,use ofpropulsion power,etc.An optimum

propulsionsystem canbechosentakingintoaccountthebasicpurpose

oftheship,aswellasthesignificantparameters.Electricalpropulsion

impliesthreelevelsofconversion:generator-electricmotors– static

converters.Electricalpowersourcesfeedingthepropellingshaftscanbe

astoragebattery,acombinationofdieselgeneratorandastoragebattery

orcombustiblecell.Electricgeneratorsaredrivenbymeansofturbines

anddiesel-engines(turbo-generatoranddieselgenerator).Theso-called

combinedpropulsionshavebeenrecentlyemployed.Theyincludean

electricmotorsuppliedfrom aseparatesourcebeingaddedtothedirect

propulsion.Thiselectricmotorgivesadditionalpowertothepropelling

shaft,otherwise driven by a turbine ordieselengine.Parameters

importantforthedimensioningofpropulsionengines

Changesintheship'sresistancecausedbythechangeofspeed,waves,

wind etc.furtherlead to a change in the propeller's speed and,

consequently,thedrivepower.Theship'spropulsionsystem hastoadapt

tothesechangesinload.Inorderfortheelectricalpropulsionenginesto

beproperlydimensioned,extremepointsofenginedrivingprocesshave

tobetakenintoaccount.Themaneuveringofreversaloftheengine,
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whetheritisdoneforstoppingorchangingfrom aheadtoastern,isan

importantconsiderationconcerningthesafetyofshipwhilelanding,as

wellasavoidingaccidentsatsea.Whilemaneuveringoralteringthe

ship'sdirectiontheshiphastobesloweddownandtheship'smassin

motion,thepropellerandtheshaft'smass,aswellasmassofwater

pressingagainsttheshaftandthepropulsionrotormass,havetobe

broughttoastop,thenreversedintheoppositedirectionandaccelerated.

The operationalprocesses required atsuch maneuvering have been

analyzed and variousmethodsforcalculating thepropulsion system

momentsinparticularstageshavebeenelaboratedanddeveloped.

MAJAKCRUM

MaritimeFaculty-Split,Zrinskofrankopanska38,HR-21000Split,

Croatia

Chapter3 Problem description

3.1 Problem description

Abruptlossofpowerinsmall-loadexternallyorinternallypoweredmarine

vehicles.Fracture orfailure ofpropellerblade in both externallyor

internally powered marine vehicles. Fracture or failure of power

transmission shaftin internallypowered small-load marine vehicles.

Failure ofmotorsetup while start-up in externally powered marine

vehicles.Errorsinpowersupplychaininelectricallypoweredsmall-load

marinevehicles.

Chapter4 Methods&materials

Fordesigningamarinecomponentitisnecessarytokeepacoupleof
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factorsinprimeconsideration(MayorHG,Jan2013).Thesefactorsare:

• Corrosion-freematerials

• Repairprecautions

• Aqueous-rebelliousmaterials

• Cavitation&ventilationspecificationsinpropeller

• Ergonomics

• Aerodynamics&hydrodynamics

Thefactorsmentionedabovewillbe,stepbystep,putintouseinthefollowing

study.

Firstly,anelectricmotorisrequired.Asanengineoccupiesahefty

volume,alsoitwouldrequiresomefuelwhichwillmakethesetupallthemore

complextohandle.Anelectricmotorontheotherhandwouldbeafractionof

theweightandwouldonlyrequireabatteryasapowersource.Amotorwould

requiresomecertainspecifications,mentionedbelow:

• Max.120ampspowerdraw

• Range~1000rpm

• ConnectionslotsforaLi-Pobattery(standard)

A3-Drepresentationofthedesignedelectricmotorwiththetransmissionshaft

ispresentedasfollows:
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Figure4.1Electricmotorattachedwithatransmissionshaft.

Thiselectricmotorisattachedwithatransmissionshaftwhichhasa

customisedhubconnectionforthepropellerblade.Thiscustomisedhub

ensuresatightfittingofthepropellerblade.Also,tolockthepropellerwiththe

transmissionshafteitheranut&aboltoralockpinisrequired.Ashellisalso

necessaryforthismotorbeforeallowingthesetuptobeusedunderwater.The

motorshellisinacapsuleform toallowittooverlapthedragcreatedbythe

water.A3-Drepresentationofthedesignedmotorshellisshownbelow:

Figure4.2Motorshellprototype

Themaincomponentofthissystem isthepropellerblade.Thepropellerblade

iscarefullydesignedwiththeexistingstandards.Someofthebasicandhighly

importantdimensionsforaboatpropellerarestatedbelow:
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• Max.12inch.Pitch

• Max.18inch.Diameter

• Max.45degreesBend

• Max.50degreeTwist

• 70degreesLeadingEdge

• 75degreesTrailingEdge

• 79degreesBladeTip

Figure4.3Leadingedge,trailingedge,bladetip&otherdimensions
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Figure4.4Standardpropellerbladedimension(twisting)

Figure4.5Standardpropellerbladedimension(bending)

Asofnow,allthecomponentsofthesetuparestatedandstudied.Anassembly

ofthesecomponentswillgiveusanillustrationofhowtheactualsetupwould

look.A3-Drepresentationoftheassembledprototypeisshownbelow:
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Figure4.6Assembledstimulusforadditional/emergencypowersupplyfor

small-loadmarinevehicles

Asimulationforthisprototypeisillustratedbelow.Themeshingisdone

keepingtheareaofapplicationforcesastheprimaryfactor.

Figure4.7Meshedmotorshellforthepowersupplyprototype.

Figure4.8Flowsimulationoftheprotoypteat110m/smax.velocity
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Figure4.9Flowsimulationoftheprototypeat19.6MPamax.pressure

Theflowsimulationprovidesavisualisationofthevelocityandpressure

distributionontherenderedprototype.Thesimulationvalidatestheprototype

forthewaterflowunderreal-lifeconditions.

Allofthesecomponentshavebeendesignedinrenderingsoftwaretogivean

accuratevisualisationoftheactualcomponentsandtheassembledstimulus.

Thematerialsrequiredfordifferentcomponentsarealsodifferentastheir

functiondifferslargelywitheachother.Astudyformaterialpropertiesis

illustratedbelowwithcontrasttothepreviousworksinthesamefield.

Theelectricmotorforsmall-loadmarinevehiclesismadewiththesame

materialsasanormalelectricmotor(dc)ismadeingeneralsuchasstainless

steelcasing,aluminium alloysofsiliconormagnesium ,copperwiring.Theonly

differencebeingthatthemotorforsmall-loadmarinevehiclesrequiressome

lubrication,i.e.acompositionofbaseoil,thickenerandadditives,toensurethat

noquantityofwater,thatescapesthemotorshell,entersthemotor&causeany

kindoffailureintheelectricpathway.Althoughtheelectricmotoriscompletely

sealedwithasteelcasing,thejunctionwherethetransmissionshaftis
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connectedtothemotoristheonlysectionwhichholdssomeamountof

clearance.Thisclearanceisthenfilledbyahydrophobiclubricantwhich

providesboth;asealingfrom water&alienelementsandreducedfriction,heat

&wearfrom themotionofthetransmissionshaft.

Themotorshellissimpleshellmadeoutoflightyetstrongmaterialslike

thewidelyusedaluminium alloysofcopperormagnesium.Butusingthese

alloyswillincreasetheshellweightsignificantly.Aneffectivealternatetothisis

the“ABS(acrylonitrile-butadiene-styrene)orZeloywhichismanufacturedby

DuPont”,assuggestedbySanshagrinS.inherUSpatent(2007)onoutboard

motorcowling.

Thepropellerbladeisthemostimportantpartofthesetupasthe

bladewillgivetheproperthrusttoprovidethestatedfunctionforthe

objectiveproblem.Andforperformingthisfunctionefficientlytheblade

needstobecorrosion-freetobeoperationalinsea-waterdirectlywhichis

acorrosionaccelerator.AsAnish,navalarchitecture2020,statesthat,

“Thematerialsusedformakingmarinepropellerarealloyofaluminium

andstainlesssteel.Otherpopularalternativematerialsusedarealloysof

nickel,aluminium andbronzewhichare10~15%lighterthanother

materialsandhavehigherstrength.”

Chapter5 Results

 Thismaybeaprobablesolutiontoanemergencypowersupplyto

themarinevehiclesthatmightfaceablownmainmotor,jammed
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propellerblade,faultyorbrokenshaftetc.

 Itmayalsobeusedasanadditionalpowersupplywhenamarine

vehicleispronetolosepowerinthemiddleofitsjourneyora

marinevehiclewithhighobstaclehindrancerate.

 Itcanbeputintouseatavarietyofsitesonamarinevehicle

dependinguponthefunctionitisrequiredtoperform suchasa

smallboatstuckindensemudwhichishinderingitsmainmotorto

notfunctionproperly,inthisscenariothissetupcanbeusedatan

appropriatesitetogettheboatgoing.Andassoonasthesetup

hasplayeditsroleitcanbeejectedandkeptinstorageforfuture

uses.
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