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Itisthemainconcernofthisarticletomakeclearfeaturesofinnovationsinproductiontechnoｭ

logyintheGermanelectricalindustrγfrom 1873to1904basedonsomecasesofmajorenterprises.

Duringthelastquarterofthenineteenthcenturytheelectricalindustrydevelopedintooneof

thekeyindustriesinGermany , whileelectricalenterpriseswereinvolvedeachotherinsevereprice
competitionwhichresultedintheestablishmentof“ monopoly" bythetwogiantconcerns- Siemens

(Siemens&HalskeA. -G.l Siemens時Schuckerwerke GmbH)andAEG(AllgemeineElektricitits-Gesellｭ

schaft)- atthebeginningofthetwentiethcentury. Untiltoday , aconsiderableamountofstudyon

thisdevelopmentoftheelectricalindustryhasaccumulatedcenteringaroundstudiesofitsfinancial

systemasauniquemechanismunderwhichrequiredcapitalcouldbeprovidedandaccumulatedand

productscouldfindtheirbuyer.
1
) Despiteofthesignificanceofsuchmechanism , thebasicdriving

forcesforthedevelopmentoftheelectricalindustrycannotbe , however , comprehendedwithoutanaｭ

lysingthechangesofproductionprocessespeciallyoccurredinthefactories. Thereasonsareasfolｭ

lows:thepowertoestablishthefinancialsystem , whichprovidedcompanieswithapartofcomｭ

petitiveness , was backed itself by the creditability of parent ente 中rises ， and their creditab 出ty
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“ 19 SeikimatsuDoitsu Denki 司Kogyo niokeruKeiei-Rohmu-Seisaku (DieArbeitsverwaltunginder

deutschene1ektrotechnischenI吋ustrie 1873-1903/04)" (5) 一 (6 ) ， Saga Universi 汐Economic Review, Vo1.21,

No.2ム1988.
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52 S.IMAKUBO

wasultimatelybasedontheproductivitydevelopmentandresultantreductionofproductioncostsat

theirfactories. Inotherwords , thecompetitivenessofelectricalenterprisesatthattimewassusｭ

tainedbyinnovationsinproductiontechnology , namely , theintroductionofmassproduction , which

notablymadegreatstrideduringtheturnofthecentury , beingaccompaniedbyproductinnovations

inbothareasofheavycurrentandlow-voltageelectricity. Nevertheless , full-scaleanalysishasbeen
scarcelymadeontheproductionprocessexceptforratherfragmentalindications.2) Thispaperisan

attempttofillupthevacuuminstudiesbyanalyzingsignificantchangesofproductionprocessinmaｭ

jorelectricalenterprises.

Withtheintroductionofmassproductionintheelectricalindustrytheperspectivewasalso

openedforconversiontothemassproductionsysteminGermaneconomyasawhole. Industrialsecｭ

torscanbeclassifiedtherebyintothreetypesaccordingtotheproductionmethod:the“ mechanical

processindustry"suchascotton-spinningindustry;the“ chemical processindustrγ" suchasironproｭ

cessingindustry;andthe“ assembly industry"suchasmachineorautomobileindustry. Ofwhich ,

m司or sectorswhichbelongtobothmechanicalprocessandchemicalprocessindustrγhad successed ,
inGermany , astepearliertointroducethemassproductionsystembythelastdecadesofthe
nineteenthcentury. Themassproductionintheassembly industry , however , hadnotstillbeen
achievedatthattime , astherelativelycomplexprocessesofmachiningandassemblyofdiversified
partsandcomponentsinthissectorsmadeitdifficulttoachieveeveninthiscountry. Inother

words , theproductivityleapofoverallGermaneconomycouldbeepochallyachievednotonlywith

theintroductionofmassproductioninbothprocessindustries , butratherwithitsachievementinthe

assemblyindustry. Inthisregard , thelastquarterofthenineteenthcenturywastheve 町period that

theintroductionofmassproductionintheassemblyindustrywithsuchsignificantmeaningsbecame

animportantsubject.

Ontheotherhand , realizationofthemassproductionsystemwas , combinedwithhugeamount

ofinvestmentonfixedmanufacturingassetsthroughwhichoneofhighbarrierstoentrywasformed ,
tobethemostpowerfulproductivitybaseforgainingdominanceofhugecapitalenterprisesandfor

for

2) ForthisseeEmilKreHer, DieEntwicklungderdeutsc ルn elektrotechnischenIndustrieundihreAussichtenaufdem

的Itmarkt， Leipzig1903;HermannHasse, DieAl なemeine Elektri;::itiits ・Gesellschaft undihrewirtschaftlicheBeｭ

deutung, Heidelberg1902;HiromuIshiro ,“Doitsu Denki-KogyonoDokusen-Keisei-Katei(EineBetrach ・

tungiiberdiedeutscheelektrotechnischeIndustrieimMonopolbildungsperiode)"(I) (II) , Kei;::aigaku

Kenkyu(EconomicStudies)(HokkaidoUniversity),Vol.20, No.4 , 1971,Vol.21, No.4 , 1972.
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willmainlyconcentrateontheintroductionofmassproductionintheelectricalindustryatthattime.

Inordertograspthechangesofproductiontechnology(theprocessofintroductionofmasspro ・

duction)inthisindustrγ ， theperiodfrom1873to1904hastobedividedintofollowingthreesubｭ

periods , eachofwhichwasbasedonthecorrespondingproductionmethodandworkshoporganization

providedbyproductionequipmentsandtheirarrangement:
3
)

1. Fromthe1870stothemiddleofthe1880s:aphaseinwhichtheindividual , multi-variety
andsmallamountproductionbyuniversalmachinetoolsunderthemulti-purposeplantsystemwas

predominant , whilethemachinetooltypeworkshopsystemwasonlyrecognizedinitsinitialappear-
anee.

2. Fromthemiddleofthe1880stothatofthe1890s:aphaseoftherelativelywide-variety ,

mediumamount , andserialproductionunderthemachinetooltypeworkshopsystem(the“gan g sysｭ

tern")whichwasbasedonthe“d evelop ing divisionoflaborandintroductionofspecializedmachine

tools".

3. Fromthemiddleofthe1890stothebeginningofthe1900s:aphaseof“ tran sition tothe

massproductionoflimited-varietyproducts"undertheproduct-typeworkgroupsystemwhichwas

basedonthemajorchangesinmachinerysystemfollowingtotheintroductionofelectricmotors , and

ontheinterchangeablecomponentsandproductstandardization.
4
)

Thechangesofproductiontechnologywillbe , thereby , tracedastheprogressiveprocessesfrom

thefirstphasethroughthesecondtothethird.
S
)

3) Concerningthesethreesub-divisionsseeShigetakaMohri , Keiei-Kanri-Sohron(TheGeneralTheoriesof
Management) , 2.ed., Chikura-Shobo1965, pp. 146 ・167; HideichiHorie , “Factory, PastandPresent"
Kei とai-Ronso (TheEconomicReview)(KyotoUniversity) ,Vol.115, No.3 , 1975,pp.137 ・16 1.

4) Kreller , op.cit.,p.8;WolfgangRuppert ,DieFabrik. GeschichtevonArbeitundIndustrialisierunginDeutschland ,
Munchen1983,pp.242 ・243.

5) Inthisregard , Krellerdividednearlythesameperiodonlyintotwostageswiththemiddleofthe1880s
aswatershed. Andheheldthesecondperiodasthatofshiftinginto“mass production"bythedevelopｭ

ingdivisionoflaborandtheintroductionofspecializedmachinetoolsafterthe1880s, notreferringto
moreepochalchangeswhichwererealizedbyintroductionofelectricmotorsafterthemiddleofthe

1890s. Ibid. Shiftingintomassproductioncouldnothavebeenrealized ,iftheinnovationsinproducｭ
tionprocessesbyintroductionofelectricmotorswouldnothavebeenachievedinthe1890s. Inother

words ,onemaynotbepossibletograspthecharacteristicsoftheinnovationsinproductiontechnologyin
thisperiodifheignoresthemeaningsofappearanceofelectricmotorsasepoch-makingmeansofpower

drivingtotheinnovationsinproduction technology , eventhoughthechangesofproductionprocess
underthefactorysystemdependfirstofallontheinnovationsofworkingmachines. HansvonSoethen ,
DieWirtschaJtspolitikderAllgemeinenElektrizitiits-GesellschaJt ,Freiburgi.Br.1915,p.18hassimilarproblem
asKreller , whentheformerdescribesthesameinnovationsofproductiontechnologyonlyasthe“ mass

productionsystemofasmallnumberofcomponentsbyspecializedmachinetoolsandverywiderangeof

thedivisionoflabor". Ishiro , op.cit. (I) , pp.122 ・127 emphasisestheperiodafterthe1880sasthatof

“ implementation ofmassproductionsystem"through“‘ specialized operationmachines'byeachcateg ・

0町 ofproducts". Buttheperiodofthe1880sistooearlyforsuchcharacterization. Ontheotherhand ,
Ruppertdescribestheperiodafterthe1870sasthestageofseriesproductionthroughthedevelopmentof

processmechanizationandproductstandardization , whileheputstheperiodafterthe1890sasthatof
thebigindustry-stylemassproduction(Ruppert , op.cit. ,pp.242 ・243). However , itcannotbesaidthat
theseriesp
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II

IntheGermanelectricalindustryfromthe1870stothemiddleofthe1880s , thesystemofindiｭ

vidualmanufacturingofmulti-varietyandsmallamountproductswasstilldominantasithadbeenin

themid-nineteenth century , whichwasbasedonthemulti-purposeplantsystemusinguniversal

machinetools.

Firstly , atthebeginningofthe1870sSiemens& Halske(establishedin1847 , abbreviatedhereｭ
afterasS& H) , thelargestandmostadvancedfirmintheelectricalindustrγat thattime , introduced

differentkindsofAmericanmachinetoolsintothenewly-established“A m erican workshop" , inwhich

apartofmachiningprocesseswasinduded.
6
) However , asshownintable I , atthemiddleofthe

1870s , universalmachineswereusedinthegreaterportionofthecompany'smachiningprocesses ,

whilethenumberofmachinetoolsplacedonotherprocesseswereafew. Theworkingmachines

weregenerallylowerinprocessaccuracyandrequiredmoreskillfortheiroperation. Theprecision

toolsbeingusedwerelittleandtheassemblyprocessdemandedskillfulmanualfinishingandfitting.
7
)

While , atthattime , the“norm al inker円had beenmanufacturedasthestandardizedproductinS&

H , thedegreeofthefirm'sproductstandardizationwasgenerallyatverylowlevelwhichwasincom 事

parabletothelaterperiods.

Secondly , in 1875 , theBerlinworks , themainfactorγof S& H wasgiventheframeworkof“ a

realmachinerysystem"inwhich , asshownintable I , 40HPsteamenginetransmitteditspoweruniｭ
formlythroughmechanicaltransmissionstodifferentworkingmachinesoperatingontheprincipleof

the“d ivision oflabor" ・8 ) However , limitednumberofworkingmachineswhichcouldbeconnectable

thatthe “individual production"wasdominantuptothemiddleofthe1880sandfullscaleshiftingto

theseries(lot)productiononlycameafterthat. Ruppertdoesnotalsomentionthemeaningsofelectric

motors. AlthoughKockasupposedlyrecognizestheperiodaft 町 内 ~ 1880svi· ド n11"asthatofthemass

production, heonlyusestheterm“Serien (an-) ferti 伊ng" insteadofthenormaltermofthe “M 拙senfabri­

kation". Therefore , hisconceptualdistinctionbetweenseriesproductionandmassproductionmaybe
ambiguous ,orhemayunderestimatetheshiftingintothe(s町e印E紅mi ト-a剖ss 釘embl 片y- 品Ie productiontype)massproｭ

du瓜仁d吋ti 白on byt山h陀e s町yst 伐em ofproduct-typ 戸吃work group(リJ iむirgen Kocka , Untem耳le抗hme叩

sch伯aJρ'i amBe叩む坤:piωel Siemens1847-1914, Stuttgart1969, p.337, 372). Inaddition , oneshoulddistinguishbeｭ

tweenvarioustypesofmassproduction , especiallythemassproductionbythesystemofproduct-type
workgroupshouldbedifferentiatedbythatofassembly-lineproductionorautomation. Therecanbe

foundalmostnosuggestion , however ,aboutthispointundertheabovementionedliterature.

6) GeorgSiemens , Derれも g derElektrotechnik, Bd. I, Munchen1961,p.76. Thefirm, initiallyestablishedas

Telegraphen-Bau-AnstaltvonSiemens& Halske ,OffeneHandelsgesellschaft , Berlin(1847 ・1889) ， wasreｭ

namedSiemens& HalskeKommanditgesellschaft , Berlin (1890-1897), andlaterSiemens& Halske

Ak tiengesellschaft,Berlin(1897 ・1966). ButinthispapertheseareallabbreviatedtoS&H.

7) AloisRiedler,EmilRathenauunddas 肋rden derGro jJwirtsc 加ρ， Berlin1916,p.62.

8) ThecablefactoryofS&Hin1876wasalsoequippedwithamachinerysystem. Althoughthemachinｭ

eryinthisfactorywasarrangedbasicallyontheprincipleofthemachine-typeworkshopsystem , its

aηangement seemstohaveonlybecomepossiblebysoearlystagebecausethefeaturesofcablemanufacｭ

turingwhichwereveryclosetothatofthemechanicalprocessindustryallowedrelativelyrationalsetting

ofmachinesinthisproductsection. HansBorchardt/SiegfridvonWeiher , 75JahreKabelwerkBerlin100

JahreSiemens-Kabel, 1951,pp.I ト12
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TableI:MachineToolsatS&HintheEndof1875

55

お1a chine Type

SteamwithIboiler , stationarγmachine (with40HP)
Circularsaw

Band-saw

W∞d millingmachine

Zinccuttingmachine

Woodlathe

Cruciblefurnace

Cupola-furnace

Drawingbandforwire

“ Scharenヘpunching machine

Millingmachine

Grindstone

Planingmachine

Drillingorboringmachine

Lathe

Stone-steel-press

Number

I(ー)

5( 4)

I( I)

I( I)

I( 0)

2( I)

4( 2)

2( I)

2( I)

I( I)

22(20)

12(12)

8( 4)

20(15)

270(220)

I( I)

Numberinparenthesesindicateannualaverage.

Source: Absch ベft desausg φ・!lten FragebogensiiberGewerbebetriebe ζur Volks ・und Gω 伽唱

とii h lung am1.12.1875,SAA68/Li180.

withsuchrelativelylowpowersteamengineprobablyrestrictedthereasonablearrangementof

machinesandprocesses , andthescaleofthefactoryanditsworkshops.

Asforthewholeelectricalindustry , therewerefewworkshopsequippedevenwithsuchsmall

scalemachinerysystem. ThecompanyofSigmundSchuckertinNurembergwasequippedwithonly

asmalltypefoot-drivenlatheandavisein1873whenitwasestablished. Accordinglyitwasatmost

amanufacturewheretoolsweremain“ instrum en ts oflabor"whileamanpowered , primitiveuniverｭ

salmachinewasstillofsubordinateimportance. In 1874 , althoughthefirmmovedintoanew

hydro-poweredworkshop , therestrictionofpowersupplycausedbynaturalconditionscouldnot

eventuallybeavoided.9)

Thirdly , atthistime , thefirststepforshiftingtowardseriesproductionthroughthedivisionof

machiningandassemblyintoeachworkshopaswellasthroughthesystemofmachinetypeworkshop

(orinpartalreadythatofproduct-typeworkgroup)wasseeninadvancedfactories , asthefactofthe

establishmentofthe“ American workshop"intheBerlinworksofS& H atthebeginningofthe

1870sandthatofthestartoftheseriesproductionofdynamoelectricmachinebythecompanyin

1878indicate
lO
). However , thedivisionoflaborwasonthewholestillnotthoroughgoingandthe

9) EntwicklungderElektri. とitiits-A.-G. Dorm. Schuckert&Co., Niirnberg(EAGvS),Siemens-Archiv-Akte(SAA)
28/Lp268,p.1.

10) WichtigeDaten とur GeschichtedesHausesSiemens,Berlin-Miinchen-Erlangen1962,p.13.
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seriesproductionwasanythingbutadominantproductionsystem. ThefactthateventhisBerlin

works“was notthefactorybyquitenormalmeaningbutrather , untilthe 1890s, wasalargescale
workshopfortheprecisionmachiningwithfittingprocess"II) , virtuallyindicatesthepredominanceof

thesystemofmulti-purposeplantamongelectricalindustryatthattime. Thiswasbecauseinthe

factory “production wasoriginallycarriedoutasthemanufacturingofdiversifiedandcomplicatedinｭ

dividualproducts(mainlybymanuallabor)12), and , beingaccompaniedwith“ resistance towardnew

productionsystembyseniorworkerswhoheldartisticalproud 円 ， “the transitionperiodcontinueduntil

themiddleofthe1880sandthenewaswellastheoldmanufacturingmethodcoexisted"duringthe

period.13)

Thesituationdependedalsoonthemarketastheshareoforderproductionfromgovernment ,

municipal0伍ces andpublicservicecorporationswasatthattimemuchhigherthanatthelater

period ,whileprospectiveproductiontowardprivatedemandwasnotyetdeveloped.

III

Followingtotheexpansionofmarketsandtheincreaseofprospectiveproductionduringthe

middleofthe1880sandtheearly1890sbasedonthewidely-openedapplicationareaofproductswith

low-voltage current and (especially) heavy current technologies , the “ transtion into factory

operation ,,14)intheelectricalindustrγbegan tohavemoresubstancialmeaning.

Inthefirstplace , Felten&GuilleaumeCarlswerkCo. , Ltd. , thecableandwiremaker , which

hadalreadydiversifieditsproductionbytakingpartintheelectricalsectorinthe1870s, comprised ,
intheendof1887, variousproducingdivisionssuchasacablefactorγ ， agutta-perchacorefactory , a

wireropemill , awiredrawingmill , afinewiredrawingmillalongwithascratchwirefactoryanda
hardeningmill , awirewarefactory , azincingmillwithatinningandaleadingmill , copper-works , a

measurementroom , gasworksandwaterworks. TheCarlswerkrealizedconsiderablespecialization
byproductgroupandbyfunctionascomparedwiththetimeof1874/75 , expandingitsfactoryscale
andproductioncapacityintotheemploymentof1,450workersand28,000tonannualproduction(in
1875thenumberofworkerswasstill160inaveragewith3,500tonannualproduction).15) However ,
whilethepretreatmentprocessesshowedprogresstowardsubdivisionbyfunctionandpartlyby

machine-type ,eachdivisionhadnotbecomeindependentworkshop.
Secondly ,in1888,afive-storiedbuildingoftheS& H'sincandescentlampdivisionwasconsisｭ

tedofworkshopswithrespectivemachinesorequipmentsasfollows:twoSiemens-generativeanneal-

II) E.Waller, Studien とur FinanzgeschichtedesHausesSiemens,3.Teil, 1960/61,p.3.
12) KurzeGeschichtedesWernerwerkesseitdemJahre1896, SAA68/Li181, pp. 1 ・2. Cf.HansDominik,DasWer-
nerwerkvonS&HA.-G.Berlin-Nonnendamm, 1906, p.44.

13) WiederSiemens-Konzernentstand, 1914,SAA33/Lh292,p.10.
14) “DasNurnbergerWerkderSSW",DeutscheIndustrieDeutscheKultur, 1910,SAA68/Li269.
15) Whilethe∞mpany originatedinahandicraftworkshopofwiremasterinCologneinthelate18thcenｭ

tury, Carlswerkitselfwasestablishedin1874andwasreorganizedintoastockcompanyintheendof
1899. 、!I/ . ]utzi ,50JahreCarlswerk1874-1924, KるIn 1926,p.20and32.
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ingfurnaces , asteamboiler , andstearneenginesinthebasement;amachineroomanddynamoｭ

machinesonthegroundfloor;bureaus , aphysico-chemicallaboratory , asmallmechanicalworkshop ,

andlaterasocketshoponthefirstfloor;afilamentdrawingshop , aninpregnatingshop , andastore
roomonthesecondfloor;alamp-basebuildingshop , afilamentmountingshop , galvanicbaths , a

photometor , andastoreonthethirdfloor;aglass-blowingshopandpumpsonthefourthfloor.16)

Therefore , itwasamoreprogressedbuildingbasedontheprincipleoffunctionalandprobably

machiny-typework-shop. Sincethisdivisionofworkshop , however , wasaccompaniedbydecentraｭ
lizationofworkshopsintoeachfloor , andthearrangementofworkingmachinesorequippmentswas

essentiallyrestrictedduetotraditionalmechanicaltransmissions ,itseemstohavebeeninevitablethat
theworkflowincludeddetourandreversemovementinbothverticalandhorizontaldirections.

Nevertheless , attheendof1893, the “ transitionintofactorγoperation" couldtypicallybe

observedintheBerlinworksofS& H. Itseemsthattheworksconvertedintothesystemof

mediumlotseriesproductionwithaframeworkofmachine-typeworksplaceinwhichworking

machineswerearrangedbymachine-typetoeachworkshop. Namely , at 白rst， asshownintable2,

thenumberofmajormachinetoolsmarkedlyincreasedastheworksexpandeditsscale. Aboveall ,
notonlythegrowthofspecializedmachinetoolsasawholewasconspicuousbutalsothenumberof

theircategorieshadsignificantlyincreasedasfollows:392largeandsmalllathes , 75millingmachines ,
60drillingorboringmachineswithdifferentdiameters , 26 “Drehs凶hIe" ， 18presses& balancers , and

27sanderdisks& grindstones. Andespecially , anincreaseincategoηand inthenumberofspeｭ

cializedmachinesineachprocessforindividualsortofproductwasconspicuous:11electricwire-spinｭ

ningmachines , 31wirecoil&windingmachines , and48incandescentlamppumps. Inconsideraｭ

tionofthelargenumberofthesemachines , itmaynotbeinadequatetounderstandthatthemachineｭ

typeworkshophadbeenindividuallyformedthere. Ontheotherhand , however , therecouldbe
foundnoevidenceoftheformationofproductionlineforeachproduct-type.

Secondly , attheBerlinworks , sixteensteamengineswereutilized , whichconsistedofthree100

HP-type , one,50 HP-type , one45H

16) SchreibenuberdieEntwicklungdesGluhlampe 舟werks ， SAA68/Li188,p.l.

17) Ausg i!仰ler Fragebogenvo 舟der Berufsgenossemchaft, 27, 12.1893,SAA29/Le932.
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Table2:MachineToolsintheBerlinWorksofS& H

MachineType

Drillingorboringmachineupto3mmhole

。ク over 3-25mmhole

クク over 25mmhole

Centrifuge

Wire-spinningmachine

Wire 司adjusting machine

Wire-coil&windingmachine

Latheupto200mmSp:H

over200mmSp:H

‘‘Drehstiihle"

Drophammer

Paintmill

Millingmachine

Gasblower

Planingmachine1meter

ク over 1meter

Band-saw

Forminglathe

Woodmillingmachine

Woodplaningmachine

Zinc-machine

Circularsaw(wood)

クク (metal )

Press&balancer

クク

Levershears

Tableshears

Sanderdisk&grindstone

Rollingmill

Draw-bench

Incandescentlamppump

Cranekeeper

Lithographer

Keeper

Total

m

r

3

8

2

2

1

2

1

4

8

6

1

1

5

9

8

1

2

1

2

1

1

6

2

2

6

4

1

7

2

3

8

2

1

8

N
K

一
2

1

2

1

1

3

6

2

2

7

0

1

2

4

NumberofEmployee

inEachPower

Handor IMotor
Foot

A

T

ハ
u

r
o

-
-

c
o

l

l

5

16

10 I216

23

1 I25

29

円
3

2
1

1
1

F
h
J
2
1

。
。

1
1
A
I
l
-
-
A
q
J
I
-
-
1
1

8

3

2

25

10

131 I385

Source:AusgefiillterFrag めogen vonderBerufsgenossenschaflderFeinm ωanik beh U:. βEinschiit とung ;::,uden

KlassendesGφ hrentar£β gii ltigfiird，ωJahr 1893undfolgende, 27.12.1893, SAA29/Le932.
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whichwasdistinctedbetweenthetypesofworkingmachinsorbetweenfunctions. Aseriesofthese

reformscontributed , partlyduetotheconcentrationofsimilarmachinestoeachworkshop , totheproｭ

ductivityimprovementinsavingthenecessaryequipmentperunitlabor , inmakingmachinecontrol
easier , andinincreasingmachineoperationrates.

However , inthisphasewhenelectricmotorswerenotyetcameintowideuse , variousrestricｭ
tionscausedby“ fully-developed machinery"equippedwithsteamenginesandmechanicaltransmisｭ

sionscouldnotbeavoided. Inotherwords , workingmachineshadtobearrangedalongwithtransｭ

missions , whichmadeitimpossibletomakeareasonableprocessarrangementfollowingtothework

flOW.
18
) Thus , theycausedidlenessinprocessarrangementsuchastherequirementofextrastoring

space , andthecomplicationofworkflowduetotheextensionanddetourorreversemovementof

transportationwasalsounavoidable.
19
) Althoughthepluralizedmachinerysystemcombinedwith

mediumandsmallscalesteamenginescouldpartlyexcludesuchweakpoints ,anotherdefecthadconｭ

verselyemerged , i.e.itleadedtotheincreaseoftheneededspaceandequipmentandthatoftheopｭ

erationcostsduetothepluralizationofsteamenginesandtransmissions. And , addedbytheprobｭ

lemofcoordinationamongmachinerysystems , itcouldbecomeacausetoincreasecomplexityand
confusionofproductionprocess. Furthermore , itwasnotyetfreefromtherestrictioncausedbythe
mechanicaltransmissionsthemselves. Manuallypoweredmachineswerestillleftinnosmallnumｭ

ber , andthedivisionandco-operationamongmachinesaswellasamongmachinerysystemshad

beenrestrictedalsobythissituation.

InS& H ,someeffortstowardstandardizationofapartofproductsandnormalizationofparts
weremadeintheearly1890sincludingtheestablishmentofanormbureauatCharlottenburgworks

in1890.
20
) And ,asitcouldbeseenintheworkregulationsofSchuckert&Co.in1892,2 1) theuseof

precisionsupporttoolshadgraduallyincreasedwhichmadepossibletopromotestandardizationand

normalizationinthosedays. Nevertheless , thefull-scaledevelopmentofnormalizationofpartsand
standardizationofproducts , includingS& H , werenotseenyet , andtheprecisionmeasuringinstruｭ

mentsforthepurposedidnotcomeintocommonuseeither.

Asfortheaboveoutlineds

18) HennigRogge, FabrikweltumdieJah 伽的伽ende amBei卯I derAEGMaschinel伸brik inBerlin-Wedding ,
KるIn 1893,p.17

19) KisouTasugi/ShunjiMori , Sintei-Seisan-Kanri-Ken紗u (aStudyofProductionManagement , revisedver ・

sion), 1960, pp.164-166;KiyoshiYamamoto , “Kodo SeichokinoRodoMondai- “Gijutu Kakushin"to

Sagyo ・Shokuba-Soshiki womegutte(TechnologicalChangeandLaborProblemsinJapan ぺ Shakai Kagaku

Ken かu (TheJournalofSocialScience)(TokyoUniversity) ,Vol.38, No.6 , 1987,pp.202 ・204.

20) Kocka, op.cit. ,p.373.

21) Arbeitsordnungj証r die肋rkstii t伽 der EAGvS , 15.3.1892,SAA32/Li382,pp.8-9.
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IV

Intheelectricalindustryduringtheperiodofthemiddleofthe1890sandtheearly1900s, the
areaofheavycurrentproductssuchaspowergenerationandtransmissionsystem , electricrailway ,

lightingfacilitiesandelectricpoweredmachinesrapidlyexpandedbythesuccessofhigh-tensionpowｭ

ertransmissiontechnologyin1891, whilethecompetitionwithinexpandingproductmarketbecame
keeneramongtheactorsinclusivewithgrowingentriesofnewcompanies. Undersuchnewtechnical

andmarketsituationsafundamentalchangeoccurredinproductionprocess , i.e.ashiftingtothe
limited-varietymassproductionthroughthereformofmachinerysystembyintroducingelectric

motorsandthroughthemakingofthesystemofproduct-typeworkgroup.

(1) Amongreformsofmachinerysystem , changesofworkingmachinesshould ， 日rst ofall , be

noticed.

i. Firstly ,incaseoftheBerlinworksofS&Hin1896, table3showsthatthespecialmachine
toolstookpredominantpartofwholeworkingmachines , whichwasrealisedthroughremarkabledi 幽

versificationandincreaseoftheminuse. Alsotable4,whichshowsdetailsofnewlyprocuredworkｭ
ingmachinessofarasmentionedintheannualreportsoftheBerlinworksfrom1898/99FYto

1902/03FY , indicatesthatthediversificationandincreaseofthespecializedmachinesforpartsｭ
machining ,whichcouldfurtherimprovetheprecisionofprocessing ,advancedduringthelastphaseof
prosperousperiodwithitspeakin1899/1900FY. Inthesmall-typeelectricmotorfactoryofAEG

whichstarteditsoperationin1897/98andinthemechanicalworkshopofitscableworksestablished

in1897, diversifiedspecialmachinetoolswereequippedwhich“ produce thesinglepartorlimitedｭ

varietyofpartsinmassandcanbeoperatedevenbynon-skilledworkers".22) Therewerenoless

than422electricmotor-drivenworkingmachinesinstalledintheworkshallofthebigelectric

machinefactoryofAEGin1899, ofwhichspecializedworkingmachinesforprocessingheavyand

largesizeobjectswerealsonotafew.23) In short , thehighlyprecisemachiningbyspecialized
machinetools , prerequisitetothemassproduction ,wasrealizedextensivelyamongthefactoriesofthe

general(diversified)makers , andthedegreeofprecisionworkandproductivityofthelargesize
and/orheavyobjectswerealsosignificantlyimprovedbyextensivemechanizationinpartsmachining.

S

22) “Beitr品ge derAEGzurEntwicklungderAntriebstechnik ヘ Aktens ammlung: Rationalisierung, Fli4Jarbeit, Jt匂n­

dertischundNormung,00.0]' ,AEG-Archiv.p.3.
23) “Bau undEinrichtungderneuenMaschinen-Werks 凶tten derAEG ヘ AEG-Zeitung， No.7 , 1899, p.33;

Rogge,op.cit リ pp . 108 ・109. AEGwasestablishedin1883originallyasDeutscheEdisonGesellschaftfUr

angewandteElektricit 孟t. AndthefirmchangeditsnametoAEGin1887.

24) PaulHirschfeld,BerlinsGrofl-Industrie,Berlin1897,p.125.
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Table3:MachineTools , NumberofEmployeeintheBerlinworksofS&H (1896)

61

Wor 主shop Numberof Floor Machinetool Power

Employee

a

ITelegraph&telephone-instruments 309 2,3,4 Small&middle-sizelathes , m材陣

drillingmachines , sanderand

grindstone , presses , balancers ,

levershears

2Instrumentsforrailwaysecuring 240 1,2,3 Middle&big-sizelathes , m

system millingmachines ,drilling

machines ,planingmachines

3Precisionmeasuringinstrumentsfor ーハり リハ 3,4 Small&middle-sizelathes , ロ1

heavy&weakcurrent millingmachines , storage ,

batterie

4Galvaniccells 10 Presses

5"ヘfater meter 75 Basement , Small&big-sizelathes , m

leadscrewcuttinglathe

bWirespinning-mill;paintingshop 30 2,3,5 Wirespinningmachines , paintmill m

c お1illing shop&planingshop 70 1,2 Small&big-sizedmillingmachines m

ク ク planingmachines ,

ク イシ drillingmachines ,

millingcutter-grindmachines

dBoxfabricationandforwarding 30 Basement , Circularsaws ,cranes& m/h本 市

department yard winches

ePower&hand-smith 16 Basement 2(Small&middle-sized)Drophammer m

f 恥1achine &hand-joinery 45 2 Allofthecommonlyusedwood m

processingmachines ,small&big-

sizeofscrew-cuttinglathes ,

cicrularsaws

gMetalscrew 司cutting &shapingmill , 125 1,2,3 Draw-benchs ,rollingmills , 75%m

combinedwithdrawing&rolling 4,5 straighteningmachines , 25%h

mills centrifuges

1.4boilerswithsteamengineswereequippedintheworkshop“

heating.

2.Inthecolumnofpower “m" me伺ans machinepower ,while“
S仇ou町rcぽeι: F，丹'rageb伽bω0噌genηI vond，伽'er Ber!! ゆ兵gen 仰osse 附C伽加jρrt d伽er Fei 仇nm仰7ηnee伽h加an仙Ii此i此k とur AlψIf steωωellωun噌g einerStatistikfireinenGφ hren tariJ

nachIndustrie とweigen ， August1896 , SAA29/Le932.
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Table4:Newly-equippedMachineToolsintheBerlinworksofS&H

MachineType

Lathe

Pr でcision lathe

Backing-offlathe

Spindlepress

Pillarspindlepr でss

Pillarp町ss

Pr でss

Excenterpress

Turretlathe

Facing-turret-Iathe

Automaticturretlathe

Facelathe

“Kugel "ー lathe

Universal-millingmachine

Millingmachine

Shapingmaschine

Shapinglathe

Planinglathe

Cutterwith陀duc ti on gears

Cleveland-automaticlathe

Gearcuttingmachine

“ Patronenbank"

“ T afelscheere"

“ T heil"-machine

Screwmachine

Sere 仲lathe

Screwslitmaschine

Automaticscrewlathe

Threadinglathe

Drillingmachine

Quickdrillingmachine

Pillar-quickdrillingmachine

Grindingmachine

Facing-grandingmachine

Tool-grindingmachine

Grindingmachinefordrill

Polishinglathe

Polishingandgrindingmachine

Paintroller

Iron-coldsaw

Lever-coldsaw

Wood-planungmachine

Wood-millingmachine

Wood-circularsaw

Sawscharpener

Sheetmetal-adjustingmachine

Balancer

Engravingmachine

Belt-bindingmachine

Castingmachine

1902/03

9

4

4

1901/02

3

10

2

1900/01

14

5

8

1899/1900

36

4

t
l
'
l

。
3

0
4

9

h

l

10

3

3

43

2

4

1

1

a

T

1

1

1

1

1

A

n
y
ｭ
n
y
ｭ

,rr
-

o
o
-

吋
J

A
Y
-
t
l

o
o
-

ー

4

Source:GeschiiftsberichtedesBerliner肋rksflirdieGeschiiflsjahrevon1898/99bis1決72/03 ， SAA15/Le822
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also“ widely utilized".25) AttheBerlinworksofS& H , varioustypesof“ au tom atic lathes"were

utilizedaswell. Incaseoftheseself-actingmachines , judgingfromthetechnicalstandardofthe

time , itseemsappropriatetounderstandfromtheword“ self-acting" or “automatic" asmentioned

herethatprobablytwooperationfactorsofforwardingandstoppingamongwholeprocessesofsetting

• star ting • forwarding• stopping• d ismounting wereincorporatedintothemechanismof

machines. The“ widely-u tilized self二acting" machinesinbothgeneralmakersandthespecialistfirms

playedtheroleoftechnicalbaseonwhichindustry-widepermeationofmassproductionbecame

possiblebecauseofthesimplificationandincreasedspeedofproduction.

Anotheronewasthetransportablemachinetool. Theelectric-powereddrive , especiallyindiｭ
vidualdrive , aboutwhichwewillseelater , brougtaboutnotonlythebasicchangeinthesystemof
fixedworkingmachineandmobileworkpiece-typeoperation , butitalsomadethesystemofmobile

machinetoolandfixedworkpiece-typemachining(operation)fornot-easily-movableworkpieces

possibleoreasierwiththeinnovationsoftransportablemachinetool. Thisdevelopmentspecifically

madeitpossible , ontheonehand , tomechanizethemanualprocessingworkforthelargesize , special

profileandheavyweightpiecesormaterials(onwhichmechanizationhadscarcelybeenpossible) , to
increasethedirectprocessingtimeduetothesignificantreductionoftransportationandsettingtime ,

andtoimproveaccuracyandcontinuityofoperationaswellas “operating density"and“ op erating

speed"bymeansofsynchronizedco 町operation ofsimilarordifferentkindsofmachinetools.
26
) On

theotherhand , itbroughtabouttheimprovementofinvestmentefficiency(bymeansofinvestment

savingforjigsandfixedworkingmachinesaswellasbytheincreasednumberoftransportable

machinetoolsinuse)andthesavingoflaborcostsmainlyintheindirectnon-clericalsections.
27
) It

mustbe , therefore , payedattentiontothefactthatthenotablechangeontheworkingmachinesofthe
timehadoccurednotonlyforthemass-producedproductsbutalsoforthesingleand/orlargesized

products. Atthesametime , sincethetransportableworkingmachineshadevenaneffectpartlyon

machiningofthemass-produced products , theymighthavebroughtaboutgreaterbenefit

25) “Bau undEinrichtung" ,pp.33-41

26) Hasse,op.cit. ,p.76
27) “Transportable Werkzeuge", AEG-Zeitung , No.8 , 1899, pp.17-29; “Bau undEinrichtung" ,pp.33-42.
28) “Bau undEinrichtung ヘp. 33

29) Ibid.,p.35;Soethen,op.cit.,p.20.
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cableworksthetoolsforlead-coatingpresssuchasdiesandcounter-dies , whichwereessentialfor

securinguniformityofmanyanddiversifiedsteelformsandcable-leadcoatsformanufacturinginsulaｭ

tionmaterial , weremanufacturedtogetherwithothervariouskindsoftools.30). InS& H , thesimiｭ

larsituationcouldbeobserved:establishmentofaspecialtoolworkshopandthemanufacturingof

specialtoolsinitformassproductionin1896/97;establishmentofgrindryforbothmillingmachine

operatoranddrillingmachineoperatorintheBerlinworksin1903/04FYaswellasthatofpolishing

millin1900/01;extensionofmassproductionareatotelefoneandinstrumentssustainedbyuseof

manyspecialtoolsin1903/04FY;andutilizationofmanyspecialtoolsfortheproductionofmicｭ

rophone ,magnetignitioncoil ,lineselectorandlandminedetonatorinthesameyears.31) Utilization
ofprecisionauxiliarytoolscontributedtothesimplificationofworkandtheimprovementofworking

speedbysecuringprocesspreciseness.

iii. Electrificationofthefactoriesthroughtheutilizationofelectricmotorschangednotonly

machinerysystembutalsoitsarrangement.

Intheconventionalfactory , overallmachinerγsystem andequipmentarrangementwerethe

“ slave ofmechanicaltransmission" , and“ not themanufacturingprocessofproducts"butthe“ power

transmission"formedtheleadingthread. Mechanicaltransmissionrequiredplentyofspaceaswell

asthearrangementcapableformaintenanceandlubrication , thecostsofwhichamountedtosignifiｭ

cantproportionamongoperationcosts , andthetimeofoperationalsuspensioncausedbytransmission

troublecouldnotbealsoignored.32)

Thesedisadvantageswereliquidatedthroughtheutilizationofelectricmotors , especiallybyreｭ

movalofmechanicaltransmissionconsequentupontheintroductionofelectricpoweredindividual

drive. InthemachineryhalloftheAEG'sbigelectricmachinefactoryin 1899, “except forafew

manually-operatedmachines , allothermachineswereindividuallydrivenbythethree-phaseelectric

motorswiththepowerrangingfrom0.25HPto20HP" ・ 33 ) Bythisinnovation , theinstallationand

operationcostsformechanicaltransmissionsbecameunnecessary , anditbecamepossibletousepowｭ

ermoreeffectively. Moreover , the“ m utual positionofworkshopsandthearrangementofworking

machinesint

30) DasKahelwerkderAEGBerlin , 1904,pp.45-66
31) GeschaftsherichtedesBerlinerU令市戸r dieGeschiiftsjahrevon1脱197 his1903104, SAA15/Lc822;A伽itsordnu 句

jUrdasBerlinerWerkderS& HA.-G.vom1.3.1903,SAA32/Li382, p.9;Kocka, op.cit. , pp.337-338and
373-374

32) Os汰kω叩a訂r Lasd

No.7 , pp.5・9; “Allgemeines tiberelectrischenBetriebinNeuanlagen ヘ AEG-Zeitung， No.7 , pp.14-18.
33) “Bau undEinrichtu 時ぺp.33.

34) “Allgemeinestiberelektr.Betr. ぺpp.14 ・19
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Furthermore , thesimilarordifferentkindsofworkingmachinescouldbearrangedinthesame

operationspacebyhigherdensityandbyincreasednumber ,sothatthe“ M ehrbanksystem " inwhich

eachoperatertookinchargeofmorethantwomachinetoolsalsoappeardorspreadedamong

machiningprocesses.35) Inotherwords , remarkableimprovementofproductivitywasbroughtabout

asaresultoffurtherdeepeningoftheco-operationofmachinesaswellastheirco-operationbasedon

the“ division oflabor" ・ 36) Also , bymeansofelectricpoweredindividualdrive ,installationofworking

machineseveninfinishingorassemblyprocessbecamepossiblewheremechanicaltransmissionhad

notbeenequippedduetofewmachinestobeutilizedandunderhigherrateofmachineidleness.

Consequently , thedeepningofmachinerysysteminthemeaningofthemechanizationofproduction
processasawholecouldbebroughtabout.37)

Arrangementofmachinerysysteminthefactorieswaslargelychangedbyabovementionedfacｭ

tors. IntheAEG'sbigelectricmachinefactoryin1899, 422heterogenious , individually-drivenand

fixed-typeworkingmachinesand50transportableworkingmachinesweresystematicallyarrangedby

clearlyclassified7product-typemachiningandassemblyfields(seeFig.1). Itwastheverymachinｭ

erγsystem formassproductionbymeansofsemi-assembly-lineoperationwhichwillbeexplaindlaｭ

ter.

iv. Electrificationoffactoriesbroughtaboutfurthermechanizationandsystematizationof

transportationdirectlybytheelectrificationoftransportationmeansthemselves. Atthefactorysites

ofAEGandothercompanies , varioustransportationmovementsweresetupinalmosteveη T required

directions:horizontallybyutilizingthetrollytypeelectriclocomotives , accumulatorlocomotivesand
largeorsmallsizefreightcarsandtrucksbylayingoutspecificrailroadfromthenearestnationalrailｭ

wayfreightstations , whilehorse-drawncarriagesandhandcartsweresupplementaryusedforsmallｭ

scaletransportation;verticallyorinhorizontal-verticaldirections , diffとrent typesofelectricpower

cranesandwinchesaswellaselectricfreightelevatorswerethoroughlyused. Sweepingoutofthe

mechanicaltransmissionallowedfulluseoftheelectricpowercranes , andtheeffectivenessoflaidout

railswerefurtherheightenedasaccumulatorlocomotiveswereusedhere , whichrequirednoelectric
cablestretchedinmidairwheretheyotherwisecouldhaveinterfaredwithcranetransportation.38)

Theseindicatethesignificanceoftheelectrificationoftransportationmeansfortherationalizationof

bothtransportationandprocessing.

TheAEG'sinstrumentfactorγin AckerstraBeanditsfactoriesinHumboldthain(whichcom ・

prisedofthebigelectricmachinefactory , thesmall-typeelectricmotorfactory , anassemblyhallof
electriclocomotivesandfreightcars ,andafoundry)wereconnectedwithelectrifiedsubways. Streetｭ
carmotorsfabricatedatfield14ofthebigelectricalmachineryfactorywerecarriedtotheassembly

hallofelectriclocomotivesandfreightcarsbyrailways(layedinthefactories)forsettingupthe

streetcars , andfinishedstreetcarswerethendeliveredbyrailwaysintheyardwhichalsoconnected

35) DieArbeitsverhiiltnissederEisen- , Metall- , Modell- , Werkとeug-， Revolver-undAutomaten-DreherDeutschlands , fest・

gestelltvomVorstanddesDeutschenMetallarbeiter-Verbandes ,Stuttgart1912,pp.10 ト102.

36) “ BauundEinrichtung" ,pp.38 ・4 1.

37) Ibid.

38) “Al lgemeinestiberelektr.Betr. ヘpp. 14-20
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Fig.1:ArrangementofWorkplacesintheAEGBigElectricMachineFactorγ(1990)
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withanotherrailwaysineachfactory. Bothfactories , almostalltransportationprocessesincluding

thosementionedaboveweresystematizedandmutuallyconnectedthroughelectrifiedmechanization:

forexample , betweenfactorieswheretransportoperationmightoccurandoutside;betweenfactories;
betweenoutsideandinsideoffactorybuildings;amongeachfloorofthefactorγand amongdivisions

andworkshopsonthesamesurfaceforupanddownandallotherpossibledirections. Moreover ,the
systemwasarrangeddivisionallyandsystematicallyinaccordancetotheweightandsizeoftheobｭ

jectstobetransportedandwasmadeflexibleforswitchingofequipmentastheneedarose. The

transportationequippmentsthuscontributedfortherationalizationoftransportation(therapidimｭ

provementofthedensityandspeedoftransportation)andfacilitated ,atthesametime , thesystemaｭ
tizationofproductionateachprocessingstage.

Itwasmoreimportantthatthesystemofproduct-typeoperationitselfbroughtaboutthe

rationalizationoftransportationindirectlybecauseitlessenedthenecessityoftransportationwithin

processes. IntheAEG'sbigelectricmachinefactorγ ， “production wassoarrangedthattransportaｭ

tionswithinworkshopwererestrictedaslittleaspossible ぺ39) and“ production processwasprogressed

withineachfieldavoidingsidecrosstransportation.
fO
) Inbrief , theproduct-typeworkgroupwas

arrangedtheretoshortentransportationdistanceoflarge-sizeandheavyweightproducts , sothatthe

burdenofoverall transportation , especiallybetweendivisionsorworkgroups , wasreduced. Also

withineachproduct-typedivisionorworkgroup , transportationbetweenworkplaceswasscaled
downandwaspartlyincorporatedintoeachproductionprocessbymeansofthearrangementofdiffeｭ

rentkindsofworkingmachinesandworkersaccordingtotheprocessflow , sothattransportation

couldberealisedbasicallywithonewayandminimumdistance.

Thus , “overall transportationiscarriedoutwithminimumtimeandpowerconsumption". It

converselyledtofurtherheighteningoforganicconnectionofthesystemofproduct 事type workgroup ,

whichcontributedtorealizethe“ fine andspeedyoperationprocessandlowcostproduction ヘi.e. to

increaseproductivitybyacceleratingofoperationalcontinuity.

(2) Thenexttobenoticedisachangeinworkshop

39) “ Bau undEinrichtung" ,pp.31 ・33

40) Rogge,op.cit. ,p.110.
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ternofthemachinetypeworkshop. Thiswasbecausethetypical “semi-assembly-linesystem"was

nearlyrealized , inwhich“ operat ional continuityisenhancedonthewholeasthedelayofprocessflow

duetothecrossingofvariouskindsofoperationlinesatoneworkingpointisavoided , anddetouror

reverseflowofworkcanbealsoeliminatedateachworkshop ヘand furthermore , “the functionof

workplaceandworksequenceplanning(processplanning)isincorporatedintotheoperational
2 ・ " 41)mecnall1sm-..

ii. Inthefactory ,the“ in termediate stores"werealsoequipped. Thesewere ,inthesystemof
product-typeworkgroup , toworkasthe“ buffer" forcontinuousandsteadysupplyofworkinorder

toavoidsuspensionandcongestionofworkflowowingtosupplyfaultofprocessingobjects , andat
thesametime , theyweretoprovidesupplementaltimeandspaceforthemanufacturingworkshop ,

whichcouldnototherwisebepossibletouseforthe“ direct work".42)

Inthesystemofmachinetypeworkshoptheintermediatestoreshadtobeplacedbyeach

machinetypeworkshopandcarriedoutthefunctionofsupplyingworkobjectstoeachworkshopand

thatofstoringthemfromeachworkshop. Manystoringwarehouses , however , reducedspaceforthe

“direct work"andthepositionsofwarehousesthemselvescausedprocessrestriction. Moreover , the

intermediatestorearrangedbyeachworkshophadtobeapackagetype(universal)storeformultiｭ

productprocessingobjects , withwhichthesuppliabilityofstoringobjectsbyeachproducttypewas

considerablyrestricted. Inshort , itcouldnotcreatetherationalworkflow. Itbecameratherafacｭ

torwhichimpedetherationalprocessformationoftheoperationsystem.

Duetotheformationoftheproduct-typeoperationsystem ,productionprocessescouldbearranｭ

gedaccordingtoworkflowsothatdefectsofthestoresweresignificantlyeliminated. Theintermediｭ

atestorescouldbasicallybeplacedbetweeneachproduct-typeprocesswhichwascombinedeach

otherorganically , sothatthescaleoftheintermediatestoresperunitaswellastotalcubageofentire
warehousecouldbereduced , andthecompositionofstocksintheintermediatestorescouldbealso
rationallydivided. Theintermediatestorebecametheproduct-typeexclusivestylewarehouse.

Theintermediatestorewasassignedafartherfunctiontoavoidinterruptionofprocessflowand

tofacilitateit. Inotherwords , itwasassignedthefunctiontoserveasamediatingringtocombine

machiningandassemblymoreorganicallyandsystematically , aswellastoserveasa “buffer" ofproｭ

cessestomaintainandpromoteregularityandcontinuityofoperationbycoordinatingworkflow.

Theproduct-typeexclusivestylewarehouses ,whichwerearrangedbeingmediatedbythesuccessively

organizedprocesses , converselyintegratedtheprocessesorganically , sothatthemutuallypromoting

effectonthesmoothflowofpr

41) KazuhitoSiomi, Gendai-Taiりloseisan- Taisei・Ron (TheModernMassProductionSystem), Moriyama-Shoten,

1978,p.96.
42) ArturFurst , EmilRathenau. DeTMannunds倒 的Tk ， Berlin-Charlottenburg1915, p.98; “Bau undEinｭ

richtung ぺp.98.

43) SinceahugecastingstoragespaceoftheAEG'sbigelectricmachinefactorycollected, storedandsupｭ
pliedpartsetc.accordingtotheaηangement orderbyproducttypes, itcanbealsoseenasakindof

gatheringplaceofintermediatestoresfortheproduct-typespecialparts , whichatthesametimehad
functionsofprocessintegrationandadjustment.
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iii. Innovationsinthemachinerysystemandformationofthesystemofproduct-typeoperation

broughtaboutalsorationalizationinthecontrollingoflaborforceatworkshoplevel. Thesewerereｭ

vealedintheshapeoffactorybuildingswithafineprospectovernon-partitionedmachiningand

assemblyorfinishinghallaswellasintheformofforman'sroomswhichweresetatastephigher

level(beingcoveredwithglasswallsonallsides)andlocatedatimportantpositionsinsideoffactory

buildings.

“ From here , worksengineersandforemencanoverlookandsuperviseallareaassignedtothem
throughunobstructedview ヘand “ all workersontheirpartfeelthattheyarealwaysbeingsupervised.

Takingawholeviewataglancewithnoconsiderabletimeloss ,itispossibleespeciallyfortheoperaｭ
tionmanagertoconfirmtheoperationalwaysforhimself. Theremaybenoneedofredundant

wordsforhowmuchthissysteminfluencesonworkers'moral , andhowmuchofthiseffectisconｭ
vertedtotheirwilltoworkandenhancedprofitability" ・ 44 ) “Well-lighted environmentisanotherimｭ

portantbenefitofthenon-dividedstylehallbuildings. Themorethewallarereduced , themore
darkcornersandnooksarereducedwhereworkersapttostrollandtowastetimelazily" ・ 45 )

Itseemsthatthesettingofforemen'sroomsbecamepossibleasapartoftheirformerfunctions

ofproductionandlabormanagementwasintegratedintothenewlyformedsystemofproduct-typeopｭ

erationitselfatthenon-partitionedstyleoperationhallsothatthestationingofforemenateachworkｭ

shopbecamepartlyunnecessa 町・In anycase , thenon-partitionedorganizationofthefactorγ ， Inｭ

cludingforeman'sroomsplacedatkeypointsallowedfurthere百iciency andconcentrationoflabor

management (i.e. “production encouragement" , improvementof“will towork"andproduction

accuracybyworkers).

Ontheotherhand , inthefactoriestherewerealsomanagementissuesontheindustrialrelaｭ

tions. Theforbiddenclausesofworkingrulesstipulated as “No workerisallowedtoleavethe

assignedworkshoptohimselformovetootherworkshopdivisions , whenitisnotnecessitatedbyhis
work" , “Visit ofrelativesandfriendsoranyotherpersonsisnotallowedtobereceivedintheworkｭ

shopsandgenerallyduringtheworkingtime" , and"AnytransactionbyworkersinthefactorγIS
strictlyprohibited 叶6) wereinfactalsodesignedtoregulatesociala

44) “Bau undEinrichtung ぺp.30; “Allgemeines tiberelektr.Betr.",p.20.Vgl.Hasse,op.cit.,S.68.
45) “AlIgemeinestiberelektr.Bet r. ぺp.22.

46) Arbeitsordnungflirdie 肋rkstii 目!ten derFAGvS , 15.3.1892, SAA32/Li382. SeealsoArbeitsordnungflirdω
BerlinerUセrk vom1.3.1903,SAA32/Li382
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Rathenau(theheadofAEG)hadtakenaleadingpartinallactivitiesofthefederationrelevanttothe

tasks" ・47) Therepresentativefactoriesofmass 旬produced standardizedproductsbasedoninterchangeｭ

ableandnormalizedpartswerethesmall-typeelectricmotorfactory(establishedin1897)andtheinｭ

strumentfactorγof AEG. Whilerepeatable(interchangeable)componentsofelectricmotorsandthe

smallest-typemotorsasstandardmodelweremass 曲produced intheformerfactorγ ， themassproducｭ

tionsystemofrepeatablecomponentswas “promoted withhighestpossibleperfection , andupto

about 10 ，ωo price 鳴list items (varioustypesofelectricsupply meters , breakers , change-overswitches

etc.)weremass-producedinthelatter".48)

AlsoinS& H ,undertherecognitionthattherapidpricecuttingofheavycurrentelectricalproｭ
ductswasforcinginter ・factorγunification andintegrationofproductsandmanufacturingdesigns , it

becameanimportantissuetounifythesimplificationandnormalizationoftheproductsandparts

constructionamongbusinessestablishmentsandgroupenterprisesinEuropeancountries , especially

inconnectionwithincreasedcompetitionamongcompaniesafterthemiddleofthe1890s. Thus , afｭ

ter1899 , acourseaimedatunificationofproducttechnologyinthewholeenterprisegroupwasworkｭ

edout. Namely , theTechnicalCentral-Bureau(abbreviatedhereafterastheTCB)wasestablished

inthesameyear. Accordingtothedraftoftheinitialestablishmentplan:

1. WhiletheTCBbelongstotheCentralDepartmentintheheadoffice ,itconstitutesthecomｭ

monbodyforgroupenterprises.

2. Itsmaintasksaretounifyoncostaccountingandespeciallytoreduceconstructionfailures

bycomparingandobservingproductsanddesignswhichweremadeunderthesamepurposebutwith

differentmanufacturingmethodamonggroupcompanies.

3. EachcompanyinthegrouphastoprovideinformationtotheTCBwhenrequired , andthe

headoftheTCBisauthorizedtoknowconstructionsandproductionmethods , andisallowedtoenter

anytimeintoanyworkshopandbureau.
49)

ThefollowingmeasuresweretakentoreformproductstrategyamonginternationalS& Hｭ

groupcompanies , amongfactoriesasoperationaldivisions , andamongdivisionswithineachfactory ,

beingaccompaniedwiththeestablishmentoftheTCB:integrationofelectro-chemistrγdivisions in

boththeBerlinandViennaworksinApril1900;co-operativecontrolofthenewdivisionbymanaging

directorsofbothworks;takingallareasofelectro-chemistryinchargeofthenewdivision , including

purechemistrybusinessintheBerlinworksandtheCharlottenburgworks , butexclusiveofthesame

divisionintheViennaworks;puttingthenewdivisionunderthedirectcontroloftheboardofdirecｭ

torsinS& H;maintainingclosecontactwithbothSiemenssubsidiariesinRussiaandinLondon

47) 50JahreAEG1883-1933,Berlin-Grunewald1956,p.146.
48) “Beitr 品ge derAEGzurEntwicklungderAntriebstechnik" , AEG-Archiv , pp. ト2 ; Soethen, op.cit. ,pp.18 ・

19, cf.50JahreAEG ,p.146.
49) Ent 削ゲdes Programmsj詰r ErrichtungeinertechnischenCentralstellevom16.9.1899, 35/63/Lp758;Geschiiftsordｭ
nungfiirHerrenRichter ,]uli1899, SAA35/63/Lp758;ChronikderZentral-Werksverwaltung(ZW) , 1.Teil, ed.

bySiemens-SchuckertwerkeAG,Miinchen1965,pp.1-5
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bythisnewdivision;50)anadjustmentplanofproductionfacilitiesproposedbyErnstRichter , the

headoftheTCB , inJanuary1901, basedontheviewpointthatundertheexistingconditionsofcomｭ

petitionitwasimpossibletoequipallfactoriesforthemanufacturingofallkindsofproducts , andthe

companycouldonlyleadastepforwardbyspecializingofitsproductsineachfactoryaswellasby

reducingoperationaldispersionthroughconcentratinglesserproductsforeachfactory , saying , “since

itseemsthattheproductitemssuitablefortransferfromtheCharlottenburgworkstoViennaareparｭ

ticularlyhigh-tensionbreakersandhigh-tension fuses , whiletheitemfittingfortransferfromthe

ViennaworkstoCharlottenburgisoverloadbreaker , theCharlottenburgworksis recommended ,
‘under considerationofbusinesspolicy' , toendeavorinimprovingproductionofhightensionbreakｭ

ers ,fusesandtransformers ,byentrustingtheproductionofoverloadbreakertotheViennaworks";51)
andaninstructionoftheBerlinworksinAugust1901,whichprovidedthat “to makeitpossibletoinｭ

troduceourstandardsandtoutilizeexistingpartsonalargerscalethan before , everysketch

appointedforworkshoporeveryproductionmodelistransmittedtotheconstructionbureauforinｭ

spectionbeforeitreachstheworkshop. Theworkshopisinstructedtoproducenoequipmentbased

onsketchsormodelsforwhichnoassentbytheconstructionbureauisattached;moreover , whenever

theproductionorderisissued , theconstructionbureauhastobeinformedofittobeabletocontroll

overthedrawings".52) Aspointedoutabove , thesemeasuresindicatedthatthegrouppolicyforuniｭ

ficationofconstructionsandproductswasclearlyestablished.

Furthermore , theTechnicalCommissionwasestablishedinDecember1901toassistactivitiesof

theTCB , anditwasrenamedandreorganizedastheUnityCommission(thechairmenwereEmil

Budde , theexecutivedirector , andErnstRichter , thechiefoftheTCB)inFebruary1902. Thelatter

heldsupervisoryauthorityforconstructionsofheavycurrentproductsofbothworksinCharlottenｭ

burgandVienna , whiletheapprovaloftheCommissionwasrequiredforconstructionandexperiｭ

mentationofthestandardalizedproductseries.
53)

Theprocessesexplainedaboveshowthattheunificationofconstructionandstandardwasthorｭ

oughlypushedforwardacrossthewho

50) NeuorganisationderElektro-ChemischenAbteilung , 30.4.1900,SAA35/63/Lp758.
51) Richter(TCB , Centralabt.)and，ωCharlottenburger (L抑制0-) 附 • Dom1.11.1901,SAA25/Ln400.
52) 品供gung desBerliner肋巾 Dom 9.8.1901,SAA32/Lo601.
53) ChronikderZW , p.1 ・8 ; Veφgung betr.:BefugnissederEinheits-KommissionDom26.2.1902,SAA68/Li71;Brief
derCentralabteilungderS& HA.-G.anR.FellingerinWienDom27.2.1902,SAA68/Li71.

54) Gesch が'sbericht desBerlinerJ十erkspro1898/99,SAAl5/Lc822,p.15
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industrγon thispoint.55)

(4) Thus ,thesystemofmassproductiongraduallyappearedandspreadedintheelectricalinｭ
dustryfollowingtotheformationofthesystemofproduct-typeoperationandtheadvancementofspeｭ

cializationandstandardizationofpartsandproducts.

Especially , AEGfirstlyshifteditsmanufacturingofelectricbulbs , installationmaterialsand
small-typeelectricmotorsintomassproductionin1895 , andsetaboutfull-scalemassproductionof

electricmotorsatthenewly-establishedfactoryforsmall-typeelectricmotorin1897/98. Thisfactory

mass-produced ,asthefirstfactoηspecialized formassproductioninEurope , “repeatablecomponents

ofelectricmotorsandthesmallest-typemotorsasstandardmodels". Intheinstrumentfactorγ ， aｭ

bout10,000price-listitems , suchasvarioustypesofelectricsupplymeters , breakersandchange-over

switches ,weremass-producedand“ limited varietiesofgrips ,socketsandaxes , catwhiskers ,connector

typesetc.wereappliedforbreakersofmanyhundredsoftypesandvarietieswhichamountedto3

millionpiecesperyear ,andthelattercouldoftenbemass-producedbyself 二acting machinetoolsoperｭ

atedbyfemaleworkers. Eachpartwasthenassembledinspecialassemblyshopsandwascombined

intovarioustypesofproducts" ・ 56 ) Atthefield14inthebigelectricmachinefactoryelectricgenerｭ

atorsforelectricrailwayandpresumablythepartsandcomponentsofmanyotherlargesizeand/or

heavyweightproductswerealsomass-produced.

Thesemeantthatproductioninthelarge-scaleadvancedfactoriesbegan ,onthewhole , toorient

itselfbasicallytowardmassproductionthroughthesemi-assembly-lineoperation. Thiswastheverγ

contentwhichformedatechnologicalbasefortherapidriseoftheelectricalindustrybeingaccompaｭ

niedwithsevereprice-cuttingcompetitionamongcompaniesinthelastquarterofthenineteenthcenｭ

tury , andwhichatthesametimeindicatedtheproductivitybasewhichallowedform吋or enterprises
toputfowardthe“ concentration movement"inthisindustry. Riedlerwroteproperlyonthesituaｭ

tionasfollows: “Adequate, planned , andveryprofitableproductionofthelowcostmass-produced
productsintheelectricalengeneeringwas ,fromthebeginning ,oneofthereasonsofRathenau'ssucｭ
cess ぺand “ enormous profit"obtainedbymassproduction “and Rathenau'sfinancialpolicym

55) KurtJanczikowski, “NormunginclerElektro ・Technik ヘ Akten sammlung; Rationalisierung …, AEG-Archiv,p.
2.

56) Soethen,op.cit.,pp.18 ・20.

57) Riecller ,op.cit. ,pp.127 ・130.
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shiftingstage , becausein1901itwasaproductionunitwhichcombinatedsomedivisionsfordifferent

kindsofproductssuchasdivisionsofelectricgeneratorandmotoraswellasthoseofapparatusand

small-typeproducts. Inthiscase , thesystemofproduct-typeoperationoftheDynamoworkswas

combinedwiththetraditionalsystemofmachine-typeworkshopoperation. Ontheotherhand , in
AEGeachdivisionwasspecializedintotheindependentproductionunitsuchasthebigelectric

machinefactory ,thesmall-typeelectricmotorfactorγand theinstrumentfactory. Furthermore ,each
unitwasorganizedaccordingtothesystemofproduct-typeoperation. IntheS& H'sDynamo

works , onthecontrarγ ， therationalarrangementoftheprocesseswasrestrictedandworkflowwas

apttobedetouredandcomplicatedbecauseofitsmulti-product-typeproductionsystemaddedwith

itsconstructiverestrictionsofthemulti-floorbuilding

Fortheproductionprocessintheelectricalindustryasawhole , theperiodfromthemiddleof
thel890sto1904shouldnotbedeemedthereforeastheestablishmentperiodofthesystemof

product-typeworkgroupoperationbutasthetransitionperiodtoit.

Inregardtotheelectricmotorwhichcouldarrangeworkingmachinesparallelwithworkflow ,
prerequisitetotheformationofthesystemofproduct-typeworkgroupoperation , itsindustrialuse

didnotwidelyspreadeduntil1904, andtheintroductionofelectricpowerindividualdrivewasnot

permeatedevenintheelectricalindustry , althoughthemassproductionofelectricmotorshadstarted

inthelatel890s.

Normalizationofpartsandstandardizationofproductswhichwereindispensabletothemass

productiondidnotsmoothlyprogressed , sincetheywererestrictedbyindustrywideconflictofinｭ

terestsaswellas , incaseofthemulti-nationalandmulti-divisionalenterprisesuchasS& H , bythat
amonggroup-companieslocatedineachcountry , amongoperationaldivisions , andamongsub-diviｭ
sionswithinafactoryasanoperationaldivision.

TheTCB'sestablishmentin1898itselfwas , asamatteroffact , aresultofcompromisemade
undertheexplicitortacitresistances. Namely , totheoriginaldraftoftheestablishmentprogramm

oftheTCB , thechairmanoftheboardofdirectors , TonioB凸diker ， submittedthefollowingrestrictive

commentsonSeptember19, 1悶899任:

i仕k尚om ever町γrelation withparentf
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itwouldhavetobealsoapprovedbysubsidiariesinforeigncountries.

However , theirapprovalcouldnotbeobtainedimmediately ,andthedraftcausedespeciallycriｭ
ticismofHermannGorz , thepresidentofRussianS&H.Gるrz wrote:

a. ThenameoftheTCBisnotsuitableasitcanimplyorganizationallyhigherpositionthan

eachworks , sothatitshouldberenamed. TherulethatprovidestheTCBwithresponsibilitytosuｭ

perviseproductionactivitiesofeachworksshouldbedeleted.

b. RepartitionoftheTCB'scostsbearedbygroupcompaniesshouldbedeterminedbeforethe

establishmentoftheTCB ,basedonthescaleofinvestedcapitaletc.
c. TheTCB'sparticipationincostaccountingofgroupcompaniesshouldbelimitedtothedeｭ

terminationofrawmaterialsandlaborcostsforconcernedproducts. Allotherbusinessfactors

shouldbelongundertheauthorityofthecommercialdivisionorthedirectionofficeofeachworks.

Sincethewholerulesofparticipationtocostaccountingasdescribedisoverextendedanditintervenes

toomuchtotheauthoritiesoftheworksdirectionsandapttoinducedisputes , itisdesirabletodelete

thisitemtotally.

d. AcceptanceoftheTCBineachworksshouldbedonebythelevelofdirectionofficeof

works ,andthevisitingbusinessistobefinishedasfaraspossibleintheacceptanceroombythechief
oftheTCBoratleastbyitsseniorclerks. Necessaryinformationaboutmattersandpersonnelcan

onlybeobtainedbythisway.59)

Inbrief ,whileGるrz wasoriginallyapositivistabouttheTCB'sestablishmentforthepurposeof

companywideunificationofproductconstructions , hewascriticaltothepointthatitmightrestrict

theautonomyofsubsidiariesinforeigncountriesandthatofoperationaldivisions(works) , sincethe
TCBcouldfunctionasasupervisoryorganoftheheadofficeagainstthem.

Ontheotherhand ,Gorztookpositivepositiontocentralizetheauthoritywithineachcom-pany

oreachworks , expressingconcernaboutthepossibilitythattheauthorizedactivitiesofcollectinginｭ

formationsabouttheworksbytheTCBmightcausethesupervisorγconfusion withincompanyand

works. AccordingtotheletterfromPetersburg(G るrz) totheCentralDivisionoftheheadofficein

BerlinonDecember 18 ラ1899 ， Gorzrequested theinformationwhetherCharlottenburgworks

approveditsbureaustocontactdirectlywiththeTCB. Petersburgitsel f, however , expressednotto

ventureintoit. Because“ we seeinitadecentralizationwhichwouldpossiblybeaccompaniedby

troublesomeresults" ・ 60 ) Theseindicatethatthemanagementpolicyfornormalizationofpartsand

standardizationofproductsg

58) Votum とu denvonHerroE.RichtervorgelegtenProgrammfurErrichtungeinertechnischenCentralstelle,gez.v.Bodik ・

eram19.9.1899, SAA35/63/Lp758;Vorliiu.figeBestimmungeniiberdasTechnischeCentral-Burovom27.9.
1899,SAA68/Li122.

59) Vorschlii 目'ge St.Petersburg (Giir::;): “おchnische Vermittlungsstelle"oder“ Technische Vermittlungsamt", 22.9. 1899,
SAA35/63/Lp758;Gor::;anBiidikervom22.9.1899(Eingang7.10.1899),SAA35/63/Lp758.

60) Gii ・rと 仰die S&HA.-G.Central-Abteilungvom18.12.1899(Eingang2.1.1900), Sん生68/Li 122.
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dicatedinthefactthattheestablishmentplanoftheTCBboldlyadoptedasanimportantissueto

opentheroadforreasonableco-operationbetweenconstructionandproduction , aswellasintheinｭ

structionconcerningaboutthecontrollofworkshopsbyconstructionbureau , buttheyexsistedalso

amongvariousdivisionsandvariousmanagementlevels.

ThedraftfortheestablishmentoftheTCBinSeptember27, 1899whichhadrevisedaccording

toBるdiker's suggestionasmentionedpreviously , wasbasicallyrecognizedinthemeetingoftheboard

ofdirectors held on November 4, being co-ordinated byor added with Gorz's amendment
suggestion.

61
) However , doubtsabouttheTCB'sorganizationalformhadsmolderedevenafterits

establishment. OneofthemwasrevealedinasuggestionmadebytheCharlottenburgworkstothe

CentralDivisionoftheheadofficeonSeptember13, 1990, inwhichitstressedtheprincipleofequal

sharingoftheTCB'sexpensesbasicallyamongrelatedsixcompaniesorworks. Thismaybedeemed

thattheworkswasmorecautiousthantheRussiansubsidiaryagainstinterventionontheautonomy

ofeachworks(asoperationaldivision)bytheheadofficethroughtheTCB62). Allthesemakeclear

that , onregardtotheissuesofconcreteprocedureandorganizationactivitiesbytheTCBfortheuniｭ

ficationofconstructions , thereexisted strong “centrifugal tendencies"amongcompaniesandworks

basedonrespectiveinterests.

ActivitiesoftheTCBandtheUnity-Commissiondidnot , atleast , advancedeasily , beingfaced

withresistancefromthefactoryside. AcorrespondenceaddressedtoWilhelmvonSiemens , thehead
ofS& H , inJuly12, 1901saidthat , althoughbothCharlottenburgandViennaworkshadtriedto

realizefullscalefactory-baseproductionofresistorsandbrokendownthemintovarioussimpleeleｭ

ments , theirmethodstoaccomplishthesamepurposehadbeendifferent , asViennahadadopted
bandturnsorwireturnsbydiscontinuingutilizationoftraditionalMaeander-resistances , whileCharｭ

lottenburgworkshadchangedarrangementandstructureofexistingMaeander 事strips tomakethese

applicableformassproduction63). Althoughitisnotclearhowthisproposalwastreated , thiscorresｭ

pondenceatleastindicatesthattheobjecttodiscontinuetheduplicateproductionofthesameproｭ

ductbythedi 百erent methodamongworks , whichhadbeenplannedwiththeestablishmentoft

61) Accordingtotheminutesofthe68thmeatingofboardofdirectorsheldonNovember4, 1899aninｭ
formationwasgiventhatBodiker'ssuggestiontoestablishtheTCBwasnotacceptedbyeachcompany ,

andagreementsweremadeonobtainingoralunderstanding(ofeachcompany)foranotherrevisional

suggestionbyS&HPetersburg(Aus ζug ausderProtokollederDirectorums-Sit とungen vom27.9.und4.11.1899,

SAA68/Li122). EffectuationandinaugurationoftheTCBwerealsomadeundertheseunderstandings

62) CharlottenburgerWerkandieCentral-Abt.vom13.9.1900, SAA35/63/Lp758.
63) BriefanW.v.Siemensvom12.6.1901,SAA35/63/Lp758.
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pany-wideissuetouni 骨the productsanddesignsthroughtheTCBandtheUnity-Commissioncould

notbesolvedwithoutconflicts.

Furthermore , anindustry-wideattemptofnormalizationaswellasthatofunificationofconstｭ

ructionandsafetystandardsalsodidnotnecessarilyadvancesmoothlybecausetheywererestricted

basicallybyseverecompetitionamongelectricalfirms.64)

ThereforetheGermanelectricalcompaniesby1904, generallyspeaking , stillhadnotobtained
thetechnologicalcapabilitytoestablishsotospeakthedisposalofthealternativeofmechanical

equipmentunderthesystemofproduct-typeworkgrouporhumanlabor(inotherwords , thealternaｭ

tiveofequipmentcostsorlaborcosts). Theyhadtowaitforobtainingsuchalternativeuntilthe

subsequntphasesofinnovationsinproductiontechnologyinthetwentiethcentury.

ii. Despitesofusing"advanced"machinetoolsintheGermanelectricalindustry ,ithadprobｭ
lemsofthecomparativedisadvantageofproductivityandcosts. ThereweremanyAmericanspecial

machinetoolsatthattime ,onthispoint ,theperformanceofwhichwas “an almostphenomenalone".

Forexample ,accordingtotherelatedreportbyOttoFeuerlein , thedirectoroftheS&H'sincandesｭ
centlampfactorγ ，in 1903:

a. ThequantitativeproductivityoftheAmericancarbonfilamentmeltingandhandling

machineswhichwereusedbyGEformanufacturingincandescentlampsexceeded50- 100%than

thatofprevailingmanufacturingmethodofhisfactorγ.

b. Theperformanceofcombinedworkingmachineforbulbdrawingandcuttingmanufactured

byYorkElectricandMachineCo. , YorkPa. , themakerofspecialmachinetoolsforGE'sincandesｭ

centlamps , wasabout50%higherthanthatofexistingequipmentinhisfactorγ ， andtheproductivity

ofitselectrodepressmachinewasalso80%higher , whilethatofthe“T eBer-M aschine" was100%

higher.

c. Incaseofthefixingofcontactsocketwithglassshades , Americanmethodonlyrequired
thatlampbasesweresetonlampsinaspecialkilnat150ｷCbeingusedofanewly-developedputty.

Thismethodewaslesscomplicatedthanprevailing one , sothatitsquantitativeproductivity
amountedtoabouttwotimesmorethanpresentputtyingmethod. Themainadvantagewerethat

lampscouldbekeptcleanand , withthis , existingtroublesomeafter-treatmentfaBedaway , andthat

thedeliverybecamepossibleimmediatelyafterputtyingofbases. Thelattermeantthatthespacefor

warehousecouldberemarkablysavedetc.65)

FeuerleingaveadvisetoWilhelmvonSiemensthatthelatterdecidedtoknowAmericaninｭ

candescentlampfactoriesthroughpersonalstudyonthespot , asthepermeationofAmericannew

productionmethodesintoEuropeseemed , inhiseyes , tobeaquestionoftimeinconsiderationofthe

64) Wilhelmv.SiemensanRichardEhrenbergvom25.6.1913,SAA4/Lc600.
65) BerichtvonOt ωFeuerlein iiberdielet とten NeuerungenderamerikanischenGliihlampentechnik, 17.3.1903,SAA4/Lk
84;AktennotizvonFeuerleinbetr.;AmerikanischenGliihlampentechnik , 17.3.1903, SAA4/Lk84;Aktennoti. とvon

Feuer/einbetr.;AmerikanischeSpe とialmaschinen ， 5.11.1903,SAA4/Lk84
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activitiesofotherEuropeancompetingcompaniesforstudyingorintroducingthosemethods.
66
) The

reportmakesclearthattheAmericanelectricalindustryhadthreatenedtheEuropeancompaniesand

factoriesbyitsremarkableman-hourreductionandhigherproductivitywhichwereprobablypossible

bytheproduct-typeandmachine-typedivisionofworkformass-producedproducts ,usingofproductｭ
typespecialmachinesandequipments , andthatanintroductionofAmericanstyleproductionsystem
couldbeamatteroflifeordeathfortheEuropeanelectricalindustrγ It meansatthesametime

thatthemachinerysystemandproductionprocessoftheGermanelectricalindustryhadnotyet

reachedthemostadvancedlevelofthesameage.

iii. Finally , theadvancedcasesthemselvesheldtheirinherentlimits.

Theinnovationsinproductiontechnologyfollowedwiththeappearanceofelectricmotorsdid

notmeanthattheygavepossibilitytorealizethe0句ective “compulso町 pro gression ofwork"directly.

EvenatthemostadvancedbigelectricmachinefactoryofAEG , wherethecombinationandcoorｭ

dinationbetweenworkshopsormanufacturingprocessesadvancedagreatdeal , thework-tactsynｭ

chronizationbetweendifferentprocesseswerestillnotrealized. Eachworkwithineachprocessas

wellasbetweenprocesseswas , therefore , notfullysetinthemechanicalcontinuity , asthosewhich

couldbeobservedincaseoftheassembly-lineworksystematlaterstages.
67
) Themassproduction

bythesystemofproduct-typeworkshop(semi-assembly-line)operationhadahistoricallimitationin

suchsence. Therewerestillmanytechnologicalconditionsonwhichworkingmoralofworkerscould

havesignificantinfluence.

Informationofthesystemofproduct-typeworkgroupoperation , notalldivisionsofthefactory

wereorganizedforthemassproduction. Suchareasasfabricationoflargesizeandheavyweightinｭ

dividualproducts , toolmanufacturing , machiningandassemblyofprecision-measuringinstruments

werestilldependedeitheronthesystemofmachine-typeworkshopoperationorevenonthatofthe

multi-purposeplant. Alsoontheproduct-typeoperationsystemthe“ division oflabor"amongdiffeｭ

renttypesofworkingmachineswhichweresetalongworkflowinmachiningwasstillonthewayto

beformed , andthedegreeofself-actionofworkingmachineswaslargelylimited.

、'\T hile electrifica

66) Feuerlein'sBericht ,SAA4/Lk84.

67) Mohri, op.cit.,pp.144-162;Siomi,op.cit. ,p.237.
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V

InnovationsinproductiontechnologyintheGermanelectricalindustryduringtheperiodin

questionwerefinallytookplaceaschangesfromthemulti-product , smalllot , andmanual-individual
productionunderthesystemofmulti-purposeplantuptothemiddleofthe1880sthroughthe

medium-lot(series)productionunderthesystemofmachine-typeworkshopoperationduringthemidｭ

dIeof1880sandthatofthe1890stothemassproductionsystemoflimited-varietyproductsunderthe

systemofproduct-type(semi-assembly-line)operationafterthemiddleofthe1890s.

Suchinnovationswereimplementedasunavoidablemeanstosecurecompetitiveadvantageby

leadinggeneralenterprisesandspecialistfirmsforcedbyseverelow-pricecompetitionamongthem.

Butitbecame , afterall , themostessentialfactorswhichcontributedtodeveloptheelectricalindustry

intooneofthekeyindustriesandwhichmadetheestablishmentof “monopoly" bythetwogiants

possible. Theywerethemostadvancedinnovationsintheassemblyindustrγand theybroughtaｭ

boutamodeleffecttotheothersectors. Theyweretherefore ,atthesametime ,strategicinnovations
intermsofguidingwholeGermaneconomytowardproductivityleapwithshiftingtothemassproｭ

ductionsystem.

However , althoughtheshiftinginnovationstothemassproductionunderthesystemofproductｭ
typeworkgroup(semi-assembly-line)operationafterthelate1890smeantundoubtedlyaqualitative

leapinproductivitylevelcomparedwiththatofpreviousstages , theyheldstilllimitationsbecause

theywerenotcompletelyachievedsmoothlyandtotallycomparedwiththefull-scalemassproduction

systembymeansoftheassembly-linesystemafterthe1920s. Especially , theinnovationsofproducｭ

tionsystemduringtheturnofthecenturγwere stillcharacterizedassotospeakthe“ human wave

tactics" , sothattheirproductivitywasmuchmorelargelyregulatedbythequantityandqualityof

laborforcethanthatofassembly-linesystem. Itwasthereforeunavoidable. ゐr thecompaniesorfacｭ

toriestocometogripwiththefollowingadditionalissuessuchas:reformofmanagementorganization

toco-ordinateitwithproductiontechnologicalinnovations;implementationofe伍ciency management

forthepurposeofsecuringtherationalizationeffectsoftechnologicalinnovations;andtrainingof

laborpowerwhichcouldbesuitableforprodu

68) SeeonthisSachioImakubo , “19 SeikimatsuDo 山u Denki-Kogyoniokerukeiei-Rohmu-Seisaku(Die
ArbeitsverwaltunginderdeutschenelektrotechnischenIndustrie1873-1903/04)" (7) ー ( 10), SagaUniversi 汐

EconomicReview, Vol.1.22, No.2 , 3and4, 1989;ditto.Vol.22, No.5 , 1990, Imakubo , “19Seikimatsu
DoitsuDenki-KogyoniokeruRodo-Nouritsu-Zoushin-Saku(DasManagementderLeistungs 白rderung in

derdeutschene1ektrotechnischenIndustrie1873-1903/4)" (1)・ (4) ， Kei とai-Ronso (KyotoUniversity) , Vol.

146, No.3and4, 1990;ditto., Vol. 147, No.1' 2 ・ 3 ; ditto., Vol.148, No.4 ・5 ・6， 1991;Imakubo ,
“ Labor recruitmentandvocationaltrainingintheGermanElectricalIndustry1873 ・1895 ヘ Kei.ε ai-Rons o

(HiroshimaUniversity) ,Vol.17, No.1 , 1993.
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duringadecadebeforeWorldWarIexceptformajorenterprisesand factories , asunderthe

“ monopoly" bythetwogiantsanewleapinginnovationoftheproductiontechnology(espe-ciallythe

implementationoftheassembly-lineoperation)was , assuggestedpreviously , compelledtowaituntil

theperiodoftherationalizationmovementinthe 1920s , whenseverecompetitionwithAmerican
firmsetc.intheworldmarketstartedalloveragain.

59
)

69) SeeThomasvonFreyberg , IndustrielleRationalisierunginder f1，分 imarer Republik:UntersuchtanBeispielenaus

demMaschinenbauundderElektroindustrie ,FrankfurtamMain/NewYork1989;HeidrunHomburg , RatμionalルtトE

sierun昭~g und

lin1991.




