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“Fukushima Mirai”

“Fukushima Mirai” is a floating offshore wind power
plant installed at about 20 km off the coast of Fuku-
shima prefecture. The water depth is about 120 m.
The project was supported by Ministry of Economy,
Trade and Industry as Fukushima Floating offshore
Wind Farm Demonstration Project starting in FY2011.
Installation of Fukushima Mirai was completed in the
summer of 2013 and its operation started in the follow-
ing winter. Mitsui Engineering and Shipbuilding Co.,
Ltd. as a member of Fukushima Offshore Wind Con-
sortium, carried out engineering, procurement, con-
struction, installation, and maintenance of Fushima
Mirai. During the field test valuable data have been
obtained and it was found, as a result, that Fukushima
Mirai is so stable in the sea that a its wind turbine can
have the same performance as a land based wind tur-
bine. Although Fukushima Mirai has experienced
typhoons and lightning struck, it has been keeping
operation without major trouble since its completion.
With other floating wind turbines in the demonstration
project, Fukushima Mirai is expected as a pioneer
wind farm in Japan as well as in the world.

(D Fukushima Mirai

@ Dockout

(3 Lightning

@ Access to Fukushima Mirai
(® Fukushima Mirai in storm

Photo credit: Fukushima Offshore Wind Consortium
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Lessons from 2MW Floating Offshore Wind Turbine; Fukushima Mirai” ,
in Fukushima Demonstration Project

Akihiko IMAKITA, Takuji CHYO, Hajime KAMINAGA

Il0InlJapan,Javailablelarealforllandibasediwinditurbinell WTisClimited.IBesides, forlconstructionlofloffshorelwindfarm,.
shallowlwaterlarealsuitablelforlfixedIfoundationltypel W TlislalsollimitedlinlJapan.0 Inl Europe,lmanylfixedlfoundation’
offshorelwindlfarmslinstalledlinlthelshallowlwaterlarealarelinlcommercialloperation.lInJorderltolpromotelwindlpower’
generationlinlJapan,itlisinecessaryltoldeveloplfloatingloffshorelwindlturbinell FOWTO.IMinistrylofiEconomy,]Trade,!
andl Industryl MET 1T ofl Japan( startedl Fukushimal floatingl offshorel windl farmI demonstration projectl] Fukushimal
FORWARDIinl FY2012[ Mitsuil Engineeringl &I Shipbuildingl Co.[ Ltd.J MESI aslal memberl of]l Fukushima offshorel
windlconsortiumibuilt’fal2MWIFOWT,! FukushimalMirai” JltlhaslproducedlelectricitylforlthreelyearsisincelDecember?
20130withoutimajoritrouble IMESIconductedlitsCplanning,ldesign,.construction,Jandimaintenance.]AllloflthemlarelR&DI
elementslofidemonstrationiproject./FukushimalMirailwaslthelfirstisemi-submersibleIFOW TlinlJapanlandlthelsecondrinl
thelworldlafter? WindIFloat”JinstalledlinlPortugal.]JFukushimalFORW ARDIhaslbuiltlanotherltwolFOW Ts,lonelfloatingl
substationlwith transformerZandlsupportingl facilityZ on( land.] Thisl Fukushimal FORWARD! is[ thell firstl offshorel wind!
farmlinlthelworld.]0Inlthisl report,ltheloverviewlofl FukushimalMirai fromIdesignltolfieldltest,lisl describedlandlthel
lessonslobtainedlinithelprojectiarelalsolintroduced.
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Fundamental Study on Wind-Turbine Control Methods to Achieve both of
Power Smoothing and Drive Train Damping

Yasuyuki OGAWA, Shigeyuki NAKADA, Junji ONO, Shigeo YOSHIDA, Hiroyuki KAJIWARA, Hongzhong ZHU

I00Forl practicall operationl of’ large-scalel wind turbine,l multi-objectivel controll duringl electricall powerl generationl is]
essential ] Thelobjectivesl tol bel considered] herelarell 1[I Regulationlofl windlenergyl extraction,[] 2[T Smoothingl ofl
generatorloutputlandll 3[IDampinglofidrive-trainivibration.Asltheselobjectivesimaylbelinltrade-offlrelation litlisldifficult]
tolachievelalllobjectivesisimultaneously.]Wel performed_alfundamentallstudylonImulti-objectivel controll tolfindJal point!
offcompromiselorlbalanceloflthesel objectivesloflwhichlresultslarelshownlinlthislpaper.. Thelcontrollmethodldiscussed!
herelislalkindlofl generator-torquelcontrollwhichlislbasedlonlanlidealthatldividinglalfrequencyldomainlintoltwol partsl
and! allocatingl twol objectivesi onl them,li.e.l thel low frequencyl domainlisl devoted forl smoothing’ al generator’ output,
whilelthelhighCfrequencyldomainlislusedltoldampltheldrive-trainlvibration.]ProposedfiltericonsistsloflBand-passifilter
0 BPFIandHigh-passifilterl] HPFOIThelfilterlisirelativelylsimplelandImaylbelusefullfromlialviewpointloflimplementation.’
Effectivenesslofiproposedifilteriwaslexaminedlbylnon-lineariwind-turbinelsimulator Janditlshowedlalgoodiresult.
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Seismic Reinforcement of Oiwake Bridge”
- Seismic Retrofit Works of the Bridge Supported with Rocking Columns -

Koshiro TAKATA, Tomoaki AOYAMA

100 Aldrasticl reviewl ofl thel earthquake-resistantl designl standardl wasl donell inl Japanl afterl experiencingl thel Great!
Hanshin-AwajilEarthquakeland’thelGreatlEastlJapanlEarthquake.
I00InllinelwithlsuchlreviewedIdesignlstandard,lallotloflseismiclreinforcementiworkslarelbeingldoneltolthelhalf-centuryl
oldlI MeishinlExpressiWay.] Oiwakel Bridgelwhichlislinlbetweenlitsl Otsul Interchangelandl Kyotol Eastl Interchangellis
all 3-spanl continuousl steell boxI girder? havingl rockingl piersl at] thell intermediatel pier.] Al detailed’ investigationl of] thel
earthquake-resistantldesignlofithislbridgelhaslproved(thatlallarge-scalelseismiclreinforcementlisirequiredlbylrenewingl
thelintermediatelpiersiusinglhighidampinglrubberlbearingsitolmakelthelwholelbridgelofiseismiclisolationlstructure.’
Jl0Suchlallarge-scalel reinforcementiwaslnotlanleasyl job.]Because,lthislbridgelhowever,crossesloveriNationallRoutel
10andlthelrailwayloflKeihanlElectriclRailwaylCo.Ltd.Jaslwell lwhichl makeslitlimpossibleltolblockl theltrafficlonlandl
underneathCforlallongltimeldueltolgeographicalldifficulties.

[0 InDorderl tol replacel thel substructurel ofl thel bridgel pierslinl al limitedl spacel whilel maintainingl thel safel traffic,
anl unconventionall method0 ofl replacingl thel bridgel pierslisl devisedl andl practically? adopted. In] thisl paper,[ seismicl
performanceloflthelcurrentlbridgelislinvestigatedlandlthel resultl ofl thelseismicl reinforcementlstudyis] reportedlbyl
meanslofinon-linearldynamiclanalysisloflOiwakelbridge.l Thelactuallmethodlofireplacinglthelintermediatelbridgelpiersl
islalsoldescribedlinldetail.
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Application of Peening to Frame Box of Marine Diesel Engine
Nobuaki YAGI, Ryosuke KIMURA, Toshinori NAGASAKI, Taichi SHIMONO

I00Peeninglislalwayltolimprovelfatiguelstrengthlbylgivinglblowltolalmateriallsurfacelsuccessively,/whichimakesithel
surfacel forml ofl thel materiall smoothl andl adds] compressivel residuall stressl byl causingl plasticl deformation.] Fatiguel
strengthlislsaidltolincreaselthereby.lMeanwhile,Jthelimprovementloflfatiguelstrengthidependsluponlthelstressistatelof
thelplaceslapplied;J7andlunlessthelworklisidonelproperly,thelfatiguelstrengthmaylevenlreduce.
Il0MitsuilEngineeringl&[ShipbuildinglCo.Ltd.[hasltriedlthelapplicationloflthelpeeninglbylalmetalliclpinltolthelwelded:
partlofimarineldiesellenginé] DE[framelbox.JFatigueltestingiwaslcarriedloutiusinglthelloadlcarryingltypelfilletlweldedl
T-jointslassuminglthelapplicationlonlthelreallequipment.

100Thel testIresultl haslprovedlthatlthel peeninglcanlsecurelthelequivalentlfatiguelstrengthlaslconventionallgrinding’
method.JFurthermore JworkingJtimelforlreallconstructionlfieldlhaslbeenlreducedlintolhalfl byl thel peeningl compared!
withl grinder,[ andl dustsl and chipsl werel notl produced.] Thel workingl environmentl of] thel factoryl floor] wasl greatly!
improvedCbylapplicationloflthelpeening.
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Development of DLC Coating Techniques on Plastics for Improving Wear-Resistance
Kazuki TAKIZAWA, Shuji ISHIHARA, Shinsuke KUNITSUGU

100Engineeringl plasticsl arel widelyl utilizedl forl slidingl partsl ofl transportationl orlindustriall machinery.l Sincel thel
durabilityJoflithelmachinerylgenerallyldependslonlthellifetimeloflthel plasticimaterials,Jimprovinglthelwear-resistancel
makesl it] possiblel tol realizel qualitativel advantagesl andl differentiation ofl mechanicall products.0 Diamond-likel carbonl
O DLC s well-known( as functionall coating! filmsZ withl a” low-frictionl coefficientl andl anti-wearl properties,] butlinlal
conventionallplasma-enhancedlchemicallvaporldeposition] P-CVD[Itechnique,lthelcoatingslofl largelplasticlpartsiwithl
al complex shapel werel difficult? becausel ofl thell limitationsl ofl temperaturel andl inhomogeneousl ionl energy.l Mitsuil
Engineeringl &1Shipbuildingl Co. Ltd.ldevelopedlaltechnology!tolformIthel DLCIfilmslwithlgoodlslidinglpropertiesion
relatively-largel plasticsi usingl al physicall vaporl deposition] PVVDLI techniquell thatl canl bel easily! mass-produced.] Thel
technology(featuresicontrollablelionlenergylbylpreciselylmonitoringlelectronitemperaturesiinlalplasmalusinglaniopticall
emissionlspectroscopy.lAslalresult,itlenhancedlthelwear-resistanceloflengineeringlplasticslbylmorelthan(1596,]Jandlits
usellislexpected(tolexpandltolvariousimechanicallpartslinithelfuture.
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