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1.Introduction

Theglobalmusicalinstrumentmarketamountstoapproximately19.7billiondollarand

providestotal125,466jobsin2010.1）Bycountries,USmarketisthebiggestandamountsto

6.39billiondollar,followedbyJapanesemarket$2.15billion,Germany$980million,UK$578

millionandChina$977million.Intheindustry,world・sbiggestcompanyisYamahawhichre-

cordsitssalesof$4.5billion,havingleftthefollowersfarbehind（figure1）.
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Abstract

Thisarticlefocusesonastudyofproductarchitectureofmusicalinstruments.Inthemusical

instrumentindustry,onlyYamahabecameamajorcompanyintheworld.Yamahatargetedthe

mid-pricedsegmentratherthanthehigh-endone.Gainingsuchcustomers,however,requireda

certainqualitylevelofmusicalinstrumentsevenundermass-production.Thecasestudyshows

howthecompanyhaspromotedintroducingthestate-of-the-arttechnologyandtheautomation

toavoidmanualvariability,andoutsourcingmodulecomponentswhileensuringthe・integra-

tion・whichisthekeyformanufacturinginstruments.Idemonstratethatthecompanyenables

tomass-producedinstrumentsbycommittingtoin-housemanufacturingforfinishedproducts

withtheintegrationaswellasitssupportingmechanization.
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Musicalinstrumentsaredividedroughlyintotwocategories:oneisanacousticinstrument

suchaspiano,violin,flute,andetc.andtheotherisanelectroniconesuchaselectricguitar,

synthesizer,andetc.Theformerismanufacturedbysmall-sizedstudioswherecraftsmenhave

inheritedtraditionalskill.Manufacturershavetheirownspecialty;forinstance,Steinway&

Sons,B�osendorferandBechsteinarecalledasthetopthreepianomanufactures.Frenchcompa-

nies,MarigauxandLor�eetaketheflagshipinoboe,andGermancompanyHeckelistheleading

companyofbassoon.
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Figure1.Top10MusicandAudioFirms（2010）

Company Sales Employees Country

1 YAMAHACORPORATION $4,496,280,000 26,816 Japan

2 ROLANDCORPORATION $1,020,140,000 2,750 Japan

3
KAWAIMUSICAL INSTRUMENTS MFG.

CO.,LTD.
$762,753,000 2,975 Japan

4 SENNHEISERELECTRONIC $673,454,000 2,200 Germany

5 FENDERMUSICALINSTRUMENTS $625,000,000 2,800 U.S.A.

6 HARMANPROFESSIONAL $522,736,000 1,575 U.S.A.

7 SHUREINC. $425,000,000 2,375 U.S.A.

8 STEINWAYMUSICALINSTRUMENTS2） $318,000,000 1,680 U.S.A.

9 AUDIO-TECHNICACORPORATION $295,000,000 530 Japan

10 KHS/MUSIXCO..LTD. $293,000,000 4,050 Taiwan

MUSICTRADEDECEMBER2011・TheGlobal225・

Figure2.Musicalinstrumentanditsflagshipmanufacturer3）

Instrument Flagshipmanufacturer

Piano Steinway&Sons,B�oesendorfer,Bechstein

Violin Stradivarius（17thcenturyoldItalianviolin）

Flute Muramatsu

Oboe Marigaux,Lor�ee

Clarinet BuffetCrampon

Bassoon Heckel

Trumpet Bach

Trombone Getzen,Letzsch

Horn Alexander

Saxophone Selmer



Figure1and2indicatethattopsellingcompaniesarenotnecessarilyflagshipmanufactur-

ers.Inferringfromthenumberofworld-jobsmentionedintheabove,aflagshipcompanyisnot

amajorcompanybutsmall-sizedcompanieswhichspecializeinthecertaincategoryofmusical

instruments.

Manufacturingofmusicalinstrumentsstartedinbetween16thand18thcenturyinEurope,

whileYamahafoundedinlate19thcenturies.Thecompanyhas,however,grownuptobeafull-

linemanufacturerwithbroadproductlines,resultinginanoverwhelmingscaledcompany.

Yamahaproducessuchinstrumentsaspianos,flutes,saxophones,trumpets,drum,guitars,syn-

thesizersandsilentviolins,rangingwidelyoverkeyboardinstruments,windandbrassinstru-

ments,percussioninstrumentsandelectronicinstruments.AlthoughYamahadoesnotcapture

aflagshipofwood-relatedinstruments,forexample,violins,oboes,fagotto,etc.,ithasstoodon

aparwithflagshipcompaniesinthecategoryofbrassinstrumentssuchasflutes,trombones

andsaxophones,sincesomeplayersinfamousorchestrasuseYamaha・sinstruments.4）

YamahatriedtoexpandamusicmarketduringthehigheconomicgrowthinJapanbyutil-

izingtheMusicSchool,whileextendingsaleschanneltoschoolstopopularizemusicinstru-

ments.ThoseclassroomsweresetupinWesterncountriesaswelltoobtainYamahausers.It

alsoestablishedbrassbandsinschoolsnation-widelytodispatchinstructorsandholdcontests

forthepurposeofexpansionofwindinstrumentusers.

InthecategoriesofinstrumentsYamahajoinedinlate,traditionalWesterncompanieshad

alreadygraspedflagships.Forinstance,Steinway& Sonsseizedaflagshipofpianos,and

Marigauxwasaflagshipmanufacturerforoboes.Manyinstrumentmanufacturerscapturedre-

spectivelyhigh-endusers.Accordingly,Yamahahadtotargetbeginnersandmiddlelevelplay-

ersformaincustomersinclassicalmusic.Thecompany,however,extendedthetargettojazz

andpopularmusicaswellasclassic,andmoreover,thedevelopmentofelectronicandsilentin-

strumentshasdriventheexploitationofnewcustomers.

Nevertheless,thekeyforthegrowthdidnotlimittomarketingpolicy.Manufacturingin-

strumentstobroadusersisassumedtorenderYamahathetopmakerintheworld.Then,toex-

plorethereason,thispaperfocusesontheproductionsystemfromtheperspectiveofproduct

architecture.Weusethefollowingdata:publicationsregardingYamahaandtheindustry,and

interviewsconductedbetween2007and2010tothepeoplewhoinvolvedinthecompanyand

theindustry.
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2.PriorLiteraturesonProductArchitecture

Architectureisdefinedas・generalpatternoffunctional,structural,andprocesspartition-

ingandcombinationforartifacts・（Fujimoto,2009）tounderstandthecharacteristicsofsys-

temfromtheinterdependencebetweenconstituents.Productarchitecturecanbedistinguished

intothe・modular・andthe・integral・bydegreeofinter-dependencyofcomponentsormodules.

Theformerrepresentsthatamodulefunctionsitselfandneedslesssignalsorenergybetween

modulessothattheinterfaceofmodulesarerelativelysimple.Thelatterrepresentsthatfunc-

tioncorrespondstocomponentnotby・one-to-one・butby・plural-to-plural・anditrequiresfine

tuningtodesigneachcomponentforwhichalignmentisnecessary.Whilethemodulartypeal-

lowsfordevelopmentofproductswith・dexterityofcombination,・theintegraltypeallowsfor

raisingthedegreeofcompletenesswith・dexterityofintegration・.Sincethesetypesareideal,

actualproductsaredevelopedinspectrum patterofthem.Beingcomposedbywhichever

modularorintegraldependsonalevelofcomponentstobeargued.Whenacertainproductis

referredtomodular,theproducthasstrongmodularityattherelativeupperhierarchyofprod-

uctfunctionand/orstructure（Ulrich1995;BaldwinandClark2000）.

Architecturecanalsoclassifyaninter-firmallianceintotwo:theclosedtypeandtheopen

type.Theformerrepresentsthecompletedesignatin-houseforinterfacebetweenmodules,

whilethelatterrepresentsthestandardizeddesignforinterfacebetweenbasicmodulesatin-

dustrylevelbeyondboundaryoffirms.5）

FujimotoandYasumoto（2000）,whoanalyzedarchitecturebyindustries,arguedthatthe

integraltypecanimproveproductfunctionsbytuningcomponents,andJapanesefirmshave

strongcapabilitiesofeffectiveandproficienttuning.Sincethedesignanddevelopmentprocess

ofintegraltypeproductsrequirestightorganizationalallianceanddeepcommunication,

Japanesefirmsbasedonthelong-termemploymentandtradehavestrongcapabilityforthein-

tegralproducts.ThiscapabilityallowedJapantoproducequalityproductssuchasvehicles,

motorcycleandgamesoftwarewhichrequirethedexterityofintegration.

Consideringfromtheupperhierarchyofmusicalinstrumentsdiscussedinthepaper,they

canbepositionedastypicalintegralproductswhichrequireskillfulintegrationsuchastuning

ofmusicalintervalandtonecolor.
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3.Yamaha・smanufacturingofMusicalInstruments

（1）TransitionofDiversification

TorakusuYamaha,whosucceededinbuildingareedorganin1887,foundedtheYamaha

ReedOrganWorkshopin1888atHamamatsucity.Nextyear,healsoestablishedthelimited

partnershipYamahaReedOrganFactorytomakeitbecomeNipponGakkiCo,Ltd.（thepre-

sentYamahaCorporation）.Thecompanystartedtoproduceuprightpianosin1900andgrand

pianosin1902,accumulatingskillsregardingwoodworkandpainting.

In1903,thecompanystartedtomanufactureluxurywoodenfurniture,andmetalpropel-

lerintheWorldWarII.Utilizingthistechnology,itwentaheadtomanufacturingofmotorcy-

clein1950・s,audioequipmentin1960・s,andmoreover,advancedtoresortdevelopmentaswell

assportinggoodssuchasboatandtennisrackets.

Yamahaalsojoinedtomanufactureharmonicasin1914andsoldguitarsin1940・s,enter-

ingintowindinstrumentstobeginwithtrumpets.Later,thecompanyacquiredalong-

establishedmaker,JapanWindInstrumentsin1970,resultinginacquisitionofbroadproduct

lineofbothwoodwindinstruments（i.e.saxophone,flute,clarinet,andetc.）andbrassinstru-

ments（i.e.trumpet,trombone,tuba,horn,andetc.）.Ithadrefrainedfromjoiningviolintoseg-

regatefrom Japanesemajormaker,SuzukiViolin6）,nevertheless,itproducedsilentviolinto

enterintothefieldofelectricinstrumentsin1997,launchingacousticviolinin2000.Italso

dealswithelectricinstrumentssuchasdrumandsynthesizer（table3）.Yamahahaspursued

theirmissionwhichistodevelopsocialbusinessunderavisionof・AffluentLife・andnotto

keepaneyeonsynergyeffectwithvariousinstruments7）,thus,ithasbecomeageneralmusical

instrumentmaker,dealingwithfrompianostoelectricinstruments.

WhileYamahahasdiversifiedtheirbusinesses,pianosconstitutethecorebusiness（its

componentratetosalesinFY2009was16.8%8））,anditsmarketshareis70%inJapan.However,

themarketofpianoshasmaturedinadvancedcountries.Yamahaaimsatsalesincreaseof

otherinstrumentsaswellaspianostoalargecustomersegmentandMusicSchoolsinAsian

emergingcountriessuchasChina,Indonesiaandetc.

Beingageneralmusicinstruments,Yamahahasfewtopbrandsforhigh-endusers.Inre-

centyears,althoughitswoodwindinstrumentssuchassaxophonesandfluteshavebeenget-

tinggoodreputations,flagshipproductsofYamahaareelectricandpopularproductssuchas

electricpianos,synthesizersanddrums.9）ThecompanyhasaimedatSteinway& Sonsin
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pianoswhicharekeyproductsforYamahabutitfailstoachieve.Yamaharecognizedthatdeal-

ingwithprofessional-useproductsonlywasnotprofitableandnon-brandproductscouldpay

evenwithouttopbrandproductswhichprofessionalmusiciansuse10）toexpandtheinstruments

market.

Infact,Yamahaalsofrustratedthattheycouldnottakeaflagshipforpianobusiness.For

thisreason,theyacquiredthelong-establishedEuropeanpianomaker,B�osendorferin2008.

Thepurposeofthisacquisitionwasasfollows:addingalternativesbyattractingtopartists・in-

terests,andshowingYamaha・spresenceasdefensivemeaningtowardstart-upsinChina.11）In
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Figure3.ThehistoryofYAMAHA・sdiversification

Musical Instruments Others
1887 Organ
1900 Upright piano
1902 Grand piano
1903 Furniture
1911 Plywood
1914 Harmonica(mouth organ)
1915 Xylophone, Table piano, Table organ
1921 Wood propeller for air plane, Special order furniture
1922 Gramophone
1926 Interior decoration
1931 Metal propeller for air plane
1932 Pipe organ
1933 Accordion
1935 Electronic organ Book shelf, Chair
1945 Pianica
1950 Full concert grand piano
1954 HiFi player, Motorcycle, Organ school
1955 YAMAHA Motor Co., Ltd.
1959 Electone(electronic organ) YAMAHA music school, FRP archery
1960 Motor boat(later transferred to YAMAHA motor co., Ltd.)
1961  ski, Bath tub, R&D(Iron/Aluminum/Copper)
1962 YAMAHA Recreation Co., Ltd.
1964 First Electone competition
1965 Trumpet, Marimba
1966 Electric guitar, Drum, Solid guitar, Amplifier YAMAHA Music Foundation
1967 Saxophone, Trombone, Euphonium, Tuba NS speaker, First Light music competition), Resort development(Nemu nosato)
1968 Piccolo, Flute, Clarinet, Cornet, French horn NS stereo system
1971 IC
1972 Co-development with Wien Philharmonic(Brass) First Junior original concert JOC)
1973 Tennis racket
1974 Synthesizer, Recorder  mixer, Speaker system, Resort development(Tsumagoi)
1975 Unit furniture, System kitchen
1976 Electric grand piano PA power amplifier, PA speaker system,
1980 Porta sound R&D(Titanium alloy),  PA mixer
1981 Ski wear, Badminton, , YAMAHA piano technical academy
1982 Piano player Golf club, CD player
1983 Clavinova, Digital synthesizer Custom , Personal computer
1984 Industrial robot, LSI for FM sound, LSI for graphics
1986 Piano player with MIDI DSP effecter, Digital sound field processor
1987 Wind MIDI controller, English school, First Band Explosion Competition
1989 Sound proof room
1990 YAMAHA Resort Co., Ltd., Super Woofer,  amplifier, Music sequencer
1991 Thin magnetic head, Titanium golf club, Resort development(Kiroro), Active speaker
1993 Silent piano Computer music system, Karaoke communication system (with Daiichi Kosho Co., Ltd)
1995 Electronic grand piano Remote router
1996 Silent session drum Theater sound system in the Living room
1997 Silent violin
1998 Silent cello First prize in Tchaikovsky piano competition: Denis Matsuev with YAMAHA
1999 Internet music distribution system MidRadio, Multimedia amplifier with USB
2000 Acoustic violin, Silent base Melodic ringtone
2001 Silent guitar Music school for adults
2002 Silent viola First prize in Tchaikovsky piano competition: Ayako Ueno with YAMAHA 
2008 B sendorfer, TENORI-ON
2010 First prize in Chopin piano competition: Yulianna Avdeeva with YAMAHA



thepast,enteringintowindinstrumentsbymergingNikkan,Yamahahasdevelopedandex-

pandedproductsin-house.Thecompany,however,hascometounderstandthenecessityof

havingtopbrandstoappealtotopartistsandtocompetewithlow-endmadeinAsiancoun-

tries.

（2）ManufacturingandContractors

Custom-madeandmassproductionsconstituteYamaha・smusicinstruments.Thistwoway

productioncomesfrom・themethodofquantitativedatadependentjudgmentformeasuring

musicalintervalsandresonance,becausethecompanycannotmatchthehistoryandtradition

Westerntop-rankingpianomakers.12）・Consequently,thecompanyinvestedalotinproduction

linesforpianosfrom1970・sto80・s.Theproductionlineshavebeenautomated,yetsomehand

workareashaveremainedforintegration.Thehandworkareasapplytonotonlycustom-made

pianosbutalsomassproductionones.Yamahaaimsatautomationtoavoidvariancebyhand

andsecureuniformitybyreplacingmanpowerwithmachines.Investmentinequipmentfor

windinstrumentsproceededin1980・swithinstallationofrobots,butfundamentalmanufactur-

inghasunchanged.AYamahaemployeementionsthatmaterialsandeffortarecriticalto

pianoandasisefforttowindinstruments.13）Thedifferenceofcustom-madeandmassproduc-

tionisthescaleofstandardization,andcustom-maderequiresmoreintegratedprocesses.

Yamaha・ssuppliersmanufactureandprocessthemostcomponentsandpartsoftheinstru-

ments.MajorcompaniesYamahaandKawaihavemanysuppliersinHamamatsuwherehierar-

chyofmanufacturinginstrumentsisbuilt.Forthisreason,evensmall-sizedpianomakerscan

buildtheiroriginalbrandpianosusingthesesuppliers.

（3）ManufacturingforRepresentativeMusicInstruments

Thissectionexplainsthecharacteristicsofinstrumentsandthemanufacturingprocessfor

pianos,violinsandsaxophone.Itispianoswhichrequirethemostparts/componentsamongall

theinstruments.ThepresentviolinscannotstillcompetewithStradivariuscraftedinbetween

16thand17thcentury.ManycompaniesmanufactureviolinstocatchupwithStradivarius,and

yettheirproductssound differently even with thesamedimensions.Violinsrequire

craftsman・sskillinassemblingbodiesandmoredetails.Saxophoneshavebrassbodiesbut

soundwithquaverofareedattachedtoamouthpiece.Havingthebothcharacteristicsof

woodenandbrassinstruments,saxophonesaretypicalwindinstruments.
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a）Pianos

Afortepiano,whichwasinventedaround1700,cametobemanufactureinGermanythirty

yearslater,beingdevelopedmainlyinEnglandintheperiodoftheIndustrialRevolution（Oki,

2010）.Whenpianoplayingmovedfromthesalonsofkingsandlordstoguestroomsofnewly

risingclassesandmoreoverconcerthallswithcapacityofafewthousand,thevolumeofpianos

wasrequiredtobebigger.Followingthechange,actionandframeweresignificantlyreformed,

fixingthepresentform.

Fromthelate19thcenturyandonwards,addingtotheexistingmakerssuchasB�osendorfer

andStricherinVienna,andErard,PreyelandHerzinFrench,start-upssuchasBechsteinand

Bl�uthnerinGermany,andSteinway&SoninUSwereascendanttoenterfiercecompetition.

InEurope,theobsessionoftraditionalmanufacturingprocessmadeEnglanddropoutthecom-

petition,whileGermanmakersextendedtheirmarketshare.AsSteinwayandChickeringinUS

acceleratedinnovation,thecenterofmanufacturingmovedfromEuropetoUS.In20thcentury

mass-productionadvancedinUS,pianomanufacturersputtheworldmarketinperspectiveto

startsales.AftertheWWII,Yamaha・slaunchintotheworldmarketrenderedqualitylow-

pricedpianosbecomewidespread.

Pianosarecomposedofmanyparts/componentsmadeofwood,iron,felt,etc.,havingcom-

plexmechanismandbeingmechanical.AccordingtoSteinwaywhichmanufacturestheworld

leadinggrandpianos,morethan12,000partsandcomponentsconstituteapiano.14）Areport

disclosesoneepisodeofSteinway.15）SinceSteinwaydiscarded65%ofcomponentscoveredwith

cashmerecloth,theychangedtheclothfromcashmeretoTeflonin1962.Then,inthenextyear

theygotcomplaintsofnoisesomewhere,sothattheytookalongtimeandmuchefforttoin-

vestigatethesourceofnoise,searchingfor12,000partsorpieces.Thisepisoderepresentstypi-

calexampleofpiano・scomplexmechanismandtheimportanceofarchitecturalintegration.

Whentappingkeyboardsofapiano,themechanism called・action・functionstomovea

hammertopluckstrings.Stringsvibratetomakesound,andsoundboardresoundstoamplify

thesound.Tomakeresonanceandharmonic,approximately230stringsarerequired.This

causestensionofabout20ton,andthetensionisbalancedbywoodenandironframes,and

theirsupports.Thedeterminantsofqualityofpianosaremechanism andtechnologyof

parts/componentssuchasframes,soundboard,action,keyboard,stringsandpedals.

Theproductionprocessofgrandpianosisfollows:（1）selectingwoodenmaterials（2）dry-

ing（3）manufacturingsoundboard（4）assemblingsupports（5）sealingsideboardwith
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supports（6）installingsoundboard（7）manufacturingandattachingframes（8）putting

stringsin（9）attachingkeyboards（10）varioustunings（11）finishing.Inthisprocess,wooden

materialsarethecriticalfactortodeterminesoundandouterappearanceofpianos.Although

Steinwaypurchasesqualitywoodenmaterialsonly,aboutahalfofpurchasedspruceisgood

enoughforpiano.16）Soundboardismadeofaboardwhichhasstraightgrainsthroughoutthe

lengthofit.Woodenmaterialsaresetasideunusedoutsideafactoryatleastoneyeartobe

driedinadryerchamberforseveraldays.Afterthatwoodworkerssortwoodenmaterials

again.Partsofpianosaremadeoftheselectedwoodenmaterialstoberims,soundboards,ham-

mers,etc.Thoseprocessesareessentialtomanufacturingofpianos.

Ontheotherhand,Yamahahasdevelopedtheiroriginalagingdriertechnologywithpar-

alleluseofnaturaldryingtoallowforshorterdryingtime.Theysaythetechnologyisbased

onstandardizationtoavoiddryingvarianceunderthedryingconditionsobtainedbymeasure-

mentforalongtime.Theyalsoinsistthatthetechnologycanreducetheunnecessarydrying

timeandallowforestimatingthetimingofoutgoingatincoming.Italsocontributetosmooth

productionwhenalargevolumeofdriedwoodsishandledatproductionlinesduetothera-

tionaldryingplan,minimuminventoryandstablemoisturecontentofinventorywoods.17）

Steinwayhascometocutwoodenmaterialwithmachinesforupperlidsandlegsofpianos,

andyet,rimsaremadebyhandsbecausetheyinsistthatautomaticfabricationofrimsleadsto

takingthesouloutofSteinway・spianos.18）Evenifwoodsarestrictlyprocessedwithinerrors

ofplusorminus0.076millimeter,manualhandlingmaycauseslightvariance.Steinwayhasno

operatingmanualandworkershaveengagedinthesamejobfor20to30yearstolearnit

throughtheobservationonapredecessor,takingoverknowledgethroughoralinstructions

fromseniorworkers.

Oppositely,Yamahaacceleratedmodularizationonwoodworkingpartsformassproduc-

tion（figure4）.Forinstance,KitamiWoodCompanylocatedinMarusecityofHokkaido,where

Piceaglehniistreesareproduced,soldtheirraw timberwholesaletoYamahaasmaterials.

LaterthecompanyhascometosupplyallthesoundboardsdemandedbyYamahaascom-

pletedmodulesbytheirownsawing,cuttinganddrying.Soundboardsareprimepartswhich

determinethesoundofpianos,andinthepastYamahaaccumulatedknow-howthroughin-

housefabrication butthey provided KitamiWood with theknow-how to switch to

outsourcing.

Actionisalsotheheartofpianosandtheintegrationtechnologyisessentialforaction.The
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partlinkingakeyboardtoactiondetermineswhetherornotsoundresonatesasaplayerex-

pected.Easinesstoplayisakeyfactorforcustomerstochooseapiano.ActionofYamahais

composedof80partsormoreperonekey,beingfinishedwithhighprecisionof0.05milli-

meter.19）Atouchingareaisfinishedafterseveralintegrativeprocesses.Yamahasaysthatitis

criticalforprocessessuchasstroking,tuningandsoundingtobeconductedwithbalancingas

awhole.Whenfinishingtheadjustment,techniciansplaypianostocheckthedesirablebal-

ance.20）Thescrupulouslyintegrativeworkisconductedtomass-producedpianosaswellas

custom-made.

b）Violin

AndreaAmatiisrecognizedtohavecompletedaviolinwiththepresentshapeasamusical

instrumentinCremonaofItalyin16thcentury.ViolinsmadebyStradivari,Guarneri,etc.before

1820,arereferredtothe・OldItalian・andarethemostexpensive,sothatprofessionalplayers

andcollectorshighlyvaluethem（Oki,2009）.Afterthatbetween1890and1940,Italyexperi-

encedthesecondpeaktimeandviolins,whichweremadebyapproximately250mastercrafts-

men,arecalledas・ModernItaly・andthoseviolinsarehighlyevaluatedasconcertviolins.

AftertheIndustrialRevolution,massproductionbydivisionoflaborhasspreadwidely,

andviolinsweremadebythetraditionalhandicraftorthemassproductionwithprofit-seeking.

MassproducedviolinsweremanufacturedmainlyinGermanyandBohemiabutnotinItaly

whichguardedthetraditionfornotmakingmass-producedmusicalinstruments.

Themanufacturingprocessofviolinisasfollows:（1）designingandframing（2）selecting

thewood（3）fabricatingrims（4）carvingthefrontandback（forthearchingandtheoptimum

distributionofthickness）（5）purfling21）（6）makingthef-shapedhole（7）matchingbass（8）

assemblingbody（9）settingtheneck（10）varnishing（11）positioningthesoundpostandthe
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bridge.Althoughcomponentssuchasthefrontandrearpanels,neckandscrollarefeasiblefor

modularity,theoperationsofassemblingandadjustmentarehardtobemodular.Actually,

modularkitsofcomponentsaresold,andcheapviolinsaremanufacturedbyassemblingakit

made-inChinaeveninCremona.Onthehand,expensiveviolinsarenotmodularizedbutfabri-

catedwithhand-madecomponentsbybeingcarefullyintegrated.

Accordingtothesurveyofviolinmanufacturers（Oki,2009）,workersmentionedthatthey

handlewithspecialcarethefollowingprocesses:choiceofwoodenmaterial,neckset,position-

ingthesoundpostandbridge,carvingthefrontpanel,varnishapplicationandmatchingbass-

bar.Sinceviolinsarewoodenmusicalinstruments,thekeyoperationsarethecareful

inspectionofwoodsandtheappropriatehandlingandshavingtorespectivewoods.Also,out

ofmanufacturingprocess,neckset,positioningthesoundpostandbridgeandmatchingbass-

barrequireintegration.InCremonawhereonecraftsmanhandlesalltheprocesses,starting

fromthedesigningandchoiceofwood,theprocessofshavingthefrontpanel,whichaffects

thebeautyofsounds,requirestheskillfulintegrationandisthemostelaborateprocess.

Meanwhile,YamahachallengesOldItalianswiththeirheritagesuchastheCADmeasure-

mentsforexquisiteinstruments,theagingdryertechniqueforpianosandfurniture,thepaint

sprayingtechniqueformotorbikes,andthevarnishingtechniqueforpianosandguitarstoim-

provetheprecisionandqualityofcomponents,integratingwiththeseoperationsbyhand.The

directorsaysthattheoriginalskillformakingviolinstakesonly34%inwoodcraftprocessand

51%invarnishingprocess22）（figure5）.

c）Saxophones

In1846,asaxophonewasinventedbyAdolfSaxinBelgium.Althoughthebodyismade
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ofmetal,saxophonesareasoundingbodyofsinglereedsothattheyareclassifiedasthewood-

wind,includingfivetypesfromthesopranotothebaritonesaxophones.Thesaxophonebasi-

callyconsistsoffourparts:thesuctiontube（neck/mouthpiece）,thesecondtube（body）,the

firsttube（U-shapedtube:bow）,theupturnedflaredbell.Atubebodyhas25toneholes.The

toneholeiscoveredwiththepadandthekey;theleverisattachedtopressholesoutofreach

atthesametime.Someplayersmayfabricatethereedorbuyitonthemarkettoscrapeforfine

tuning,becausewhenblowingtheyfeeldifferent,dependingonitscuttingand/orstiffness.

Thesaxophoneconsistsofapproximately600partsandpieces.Theshapeofthebasic

modelisaconetubetaperedby3degrees.Tonecolorsandmusicalintervalsvarywiththe

taper.Yamahainsiststhat・Saxophonescanproduceasoundveryclosetoahumanvoice

owingnottoitscylindershapebuttothetaperedshape.Therefore,youcanplayasaxophone

emotionallyanditmakessaxophonessuitableforsoloplaying.Strongtaperisthebestsuited

totheJazzplay.23）・Forclassicmusic,sincesaxophonesareplayedwithotherinstruments,they

arelesstaperedandthecylinder-liketubeisshapedforeasysoundcontrolandpreciseinterval.

Conversely,saxophonesforjazzuseneedtomakebigsoundanditshuskinessisconsideredas

originalsoundsothatsuchasaxophonehasthewiderbellflare.

Themanufacturingprocessofsaxophonesisasfollows:（1）bell（welding→hammering

→diecasting→drawingatthetoneholes）,（2）U-shapedtube（welding→bulgeprocessing

→drawingatthetoneholes）,（3）attachingbelltoU-shapedtube（soldering→engraving→

buffing→plating）,（4）thesecondtube（welding→tubedrawing→drawingatthetoneholes

→ buffing）,（5）assembling,finishingandcompleting（installingkeys→ assemblingbody→

adjustment→ inspection）,（6）neck（welding→ bending→ processingoctavesoundholes→

solderingkeyposts→buffing→plating→attachingoctavekeys）.

AlthoughYamahautilizesthe3Dcomputertechnologybeforemakingtheprototypetoen-

surethataplayercanpressthetoneholewithouttouchingthebodyorkeypost,themostproc-

essisstillhandicraftprocessed.Forinstance,workersmoldthebellbyhammeringonebyone

tosay・Theprecisefittingisveryimportanttoensurethequalityofthebellflare.Wefillthe

seambyrollertoflattenandthenshapetheupturnedflaredbell.24）・Theprocessofbrassshap-

ing,heatingandwashingisrepeateduntilthetoughmetalismadeathicknessof0.65to0.7

millimeters.Then,each2keypostsarepreciselyattachedtototally33keysbysolderingone

byone.Yamahasays・Aworkercarefullyassemblesasetofsaxophoneonebyone.Now,this

factoryproduces25setsofsaxophoneandthisamountisthetopproductionvolumeinthe
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world.・Contractorsconstructkeysandpads,tofinishwithgold-plating.Yamaha・sskilled

workerssoldertoassemblethosepartsbyhands.

Yamaharespondstoanyprofessionaldemandsbycustomizingthedesignofinstruments,

whileincorporatingsuchdesignsintotheknow-howforstandardizationtoutilizethemass-

production.Accordingly,Yamahadividesthemanufacturingprocessesbytakingchargeofthe

planningandthedesigning,whilecontractorsproducepartsandpieces（figure6）.

（4）YamahaProductionSystem

Reviewingfrom theabove,weconcludethatthecharacteristicofYamaha・sproduction

system istheintegrityofautomatedmass-productionbyadvancedtechnologywithhand

working.Theyhavepositivelyadoptedthescientificmeasurementofintervalandacoustics,

theagingdriertechnologyforwoodsandthemeasurementbyCAD,promotingtheautomation

ofproductionlines.Thecriticaltipinautomatedinstrumentmanufacturing,whichrequiresar-

chitecturalintegration,isnothuman-lessbutautomationforsecuringuniformitytoavoidthe

manualvariability.Theyhavealsopromotedthemodularityofpartstoincreasetheprofi-

ciencyforoutsourcingtocontractors,whilethecorepartssuchasoperabilityandtonearehan-

dledwithworkersinheadoffice・sfactorytosecurethequality.Theprocessisappliednotonly

tocustom-madebutalsotomass-produceditems.

Mass-productionformusicalinstrumentsisnotnecessarilyrequiredasitisforthevolume

ofvitalcommoditiessuchasautomotives.Inthissense,Yamahabecomesfeasibleforthe

propermassproductionwithoutabandoningcarefulintegration.

4.DiscussionandConclusion

Thiscasestudy showshow thecompany haspromoted introducing theadvance
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Figure6.Yamaha・sproductarchitectureofsaxophone



technologyandtheautomationtoavoidmanualvariability,andoutsourcingpartsandpieces

whileensuringthe・architecturalintegration・whichisthekeyformanufacturinginstruments.

Idemonstratethatthecompanyisabletomass-producedinstrumentsbycommittingtoin-

housemanufacturingforfinishedproductswiththeintegrationaswellasitssupporting

mechanization.

WhatmadeYamahabecomeamajorcompany?Whiletraditionalmanufacturersareseen

asthepremiummanufacturersinthemusicalinstrumentindustry,Yamahasucceededinthe

transformationtoaleaderfrom afollowerthroughitsdiversificationstrategy.Inthemusic

business,Yamahadevelopedthemusicenthusiastbasethroughmusicschoolsandexpanded

themarketthroughprovidingsufficientlyhigh-qualitymusicalinstrumentsatreasonable

prices,whichwasrealizedbymassproduction,hencegreatlycontributingtothegrowthofthe

musicindustry.Duetothelatestartasamusicalinstrumentmanufacturer,Yamahaneededto

targetbeginnersandintermediateusers,whogenerallyarenotcapableofevaluatingproducts,

withatechnicaldevelopment.Tothatend,Yamahaestablishedadivisionalmassproduction

frameworkwiththeintroductionofscientificinnovationsintheproductionofmusicalinstru-

ments,whichwerepreviouslybyandlargehandmade.Yamaha・son-the-markmarketingstrat-

egyisowedtowinningoverthevolumezone,leadingtolargeprofits.

Ontheotherhand,althoughYamahahasstoodonaparwithaleadingcompanyinthe

categoryofthewoodwindsuchasfluteandsaxophoneandthebrasswhichcouldbeeasily

standardized,thecompanydoesnotstillgetreputationfromhigh-endsegmentofpiano,wood-
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windsuchasoboeandbassoon,andstringssuchasviolin,violaandcellowhicharemadeof

woodunderthe・ultimateintegration.・Instrumentsdemand・connoisseurs・tojudgegood

woodforprocessingaswellasunquantifiable・sound・and・sonance,・thustheinstrument

manufacturinghasbeencompetedinthe・InvisibleDimension・.Thischaracteristicmakescus-

tomerskeeptraditionalbrandbelief,requiringalongtimetoevaluateanewcomer.

Businessmodelresearchhasbeenprogressedespeciallyintheautomotiveindustry,andit

isexpectedtoadvancefurtheronaglobalscalemodularityinlinewiththeincreaseinelectric

vehicles.Yamahahassucceededinestablishingtheoriginalmechanismofcombining・modul

ar・and・integral・processes.Iimplythatmanymajorcompaniesinthemoresensitivefields

suchasmusicandvisualartscanlearnfromthecasestudyhowtheycansurviveintheworld

marketespeciallyintheInvisibleDimensionofcompetition.

ThisworkwassupportedbyGrant-in-AidforScientificResearchinJapan（B）21330102.
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Notes:

1）MusicTradesDecember2011（2011）・TheGlobal225・

2）IncludesCorn-Selmer

3）HearingsfromprofessionalmusiciansinJapan

4）YamahaCo.,Ltd.HirooOkano

5）Inthispaperwedon・targueclose/opentopics,becausestandardizationisnotpopularinmusical

instrumentindustryexceptelectronicinstrument.

6）Oki（2007）

7）YamahaCo.,Ltd.WataruMiki

8）Totalcompanysalesestimates413billionyenin2010.3.（piano69.4billionyen;acousticpiano

40.1billionyen,electricpiano28.7billionyen,hybridpiano0.6billionyen.ByYamahagroup

midtermmanagementplan2010.4-2013.3.（2010.4）

9）YamahaCo.,Ltd.MisaoTanaka

10）YamahaCo.,Ltd.WataruMiki

11）YamahaCo.,Ltd.WataruMiki

12）MaemaandIwano（2001）p.147.

13）YamahaCo.,Ltd.HirooOkano

14）Steinway&SonsHP.

15）UtamakuraPianoFactoryHP.・ThesecretofSteinwayinNY.・

16）Barron（2006）p.80.

17）Katou（1966）pp.55�56.
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18）Barron（2006）p.8.

19）YamahaCo.,Ltd.HP.・MakingYAMAHAPiano・

20）YAMAHAbrochure・MakingYAMAHAPiano・

21）Athinsandwichofveneerinlayedaroundtheentireedgeofviolinwhichservestoreinforcethe

platesandpreventcrackingalongtheiredges.

22）YamahaCo.,Ltd.HiroshiNakatani

23）YamahaCo.,Ltd.HP.・CompletebookaboutSaxophone・Vol.2.

24）YamahaCo.,Ltd.HP.・CompletebookaboutSaxophone・Vol.3.

InterviewLists

YamahaCorporation:HirooOkabe（Director）,WataruMiki（ExecutiveOfficer）,ToshiyukiNihashi

（CorporateCommunicationGroupGeneralManager）,MisaoTanaka（CCGroupDeputyGeneral

Manager）,TomioMuramatsu（PianoProductionDeputyGeneralManager）,ToshikazuNiwata

（Brass,woodsandpercussionProductionManager）,ToshiyukiNakamura（Brass,woodsandper-

cussionMarketing,AssociateManager）,YasushiItoh（CCGroupAssociateManager）,Hiroshi

Nakatan（StringsProductionManager）,YojiAbe（StringsSalesGroup）
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ヤマハの楽器製造に関する一考察

大 木 裕 子
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要 旨

本稿では楽器の製造に焦点をあて、ヤマハの事例を取り上げる。楽器業界では欧米の伝統ある家内工

業的な専業企業が各楽器のフラグシップを握っているが、経営規模では日本のヤマハが世界最大手とし

て、他社を大きく引き離している。楽器メーカーとしては後発であったヤマハは、ハイエンドユーザー

を狙うよりは、まず初心者から中間層のボリュームゾーンの顧客を獲得する必要があった。このためヤ

マハでは、楽器の製造において最先端技術を取り入れ、人によるバラツキを減らすための自動化を進め

ると共に、部品をモジュール化することで外注により効率化を図ってきた。一方で、完成品の擦り合わ

せ技術の内製化にはこだわり、それをサポートする機械化も進めてきた。こうして、擦り合わせが要と

なる楽器においても量産を可能とし、ボリュームゾーンの顧客に満足感を与える楽器を供給することで、

ヤマハは総合楽器メーカーとして大企業に成長することができた。

キーワード：製品アーキテクチャ、楽器製造、ヤマハ、大量生産、多角化


