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Jn this Paper a high rate of sto.ck t:urnover di[3~i，pli，Jile postulÇlt~Çl 

by Burbidge & Duckworth in Opl. Res. Q. will be y~rifie9.l;>y tTe 

J幽a，panese:m，an:ufa，~tur;ers'data of rece:nt ten Years gained in the 

au柏qr'ssampLe surYeY .and c.aSe stU9.Y. 'il'his <;ljs~i;pljAeinYQlv向

sma11 batches and rap~d turnover as the -aim of:ppoductiQl).co.引ro}'

in multi-product firms. The shortening of 'production periods and 

contritutions toi.t ;;l;re figured. Making the Ibatch (>iz;e srn.aU cuts 

both ways. 1t shortens the production per，iod， b:u七戸lay.e~ert a 

harmful ，influence on labour productivity，' 1n the sall1pl，e s1，ll'vey 

tb，e recipr()ca，F of ~abo:ur p;roduc1;ivity，b，owever， shows a d何 rease

at the r:;l.te of ';. 37 % per ，annum. ~n case s向dy，figures of tt，e 

!pUowiJ;lg sec七O.rs.arep.resented ; ，passeJ;lger c;ars， lQr:vies， w抑制ng

wacpipes， co10:ur te1evisions， cameras a!l!Iduplicat()rs. 

INTRODUC';l'ION 

Synchronisation of 3:11 complicated processes where multi目 products

a，re manufacture9. has a dO.uble functiQn to perform ; (1う mit;li-

mising Il1aterialsand supplies， work in proces，s， andfinished stoc~， 

wl).icb result in low capital tie-up .and a highrate of S防ckturnover 

an!I (2) :;;h()rteningdeUvery 1;ime .in hours to c:u，stQIl1ぜsthrough 

~eeping cQ:p.stant the proCl，uct o;fTatch frequency x se1;-up t~Il1e .in 
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hours per batch. The economic batck quantity theory arid the 
2.8 

objections to it resolve themselves into whether synchronisation 

can in practice be reaIised or not. 

In Opl. Res. Q. Burbidge and Duckworth emphasised small batch-

es and rapid turnover as the aim of production control in multi.. 

product firms. As long as this is called a discipIine， the same 

emphasis has to apply not only to the British economy but also to 

other economies. Moreover， Duckworth lays stress on the shortening 

of delivery times. 

Since the “oiI-shock" in 1973， J apanese manufacturing firms aI'e 

in a position to apply the discipIine of synchronisation to production 

. control along with a shortening of delivery time. 

THE SHORTENING OF PRODUCTION PERIODS IN THE 

JAP ANESE ECONOMY 

PrQduction period is defined as follows : the length of time of 

a given batch of a single kind of manufactured prodtct from input 

as materials to output as finished product. This author's sample 

survey of fifty companies involving personal interviews shows that 

the production periods in manufacturing firmsare shortenedfrom 

21. 41:t6. 85 running days in the early part of. the 1970s to 12.32:t 

4.23 running days in 1980 (95% confidence Iimits). The population 

in this survey consisted of 153 companies which own sales subsid~ 

iaries in such industrial sectors as passenger cars， electrical appa-

ratus for home use - specifically， washing machines， refrigerators， 

colour televisionsー， cameras and dupIicators. In particular， the 

production period hasbeen .rapidly .shortened since 1975. The 

principal aims of such a shortening are : (1) the shortening of 
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delivery time and 〈2〉smallbatches and rapid turnoverfAOne run-

ning day has a 2. 12土0.44average shift (one， shift falls somewhat 

below eight hours). 

TABLE 1. THE SHORTENING OF PRODUCTION PERIODS AND 

CONTRIBUTIONS TO IT 

period observed 

production period (8. 42::t0. 59 (years ago) 

production period (1980) 

contribution of 

method (a) 

method (b) 

method (巴〉

method (d) 

Notes: 

weighted by sales 

8.42土0.59(years) 

21.41土6.85(running days) 

12. 32::t4. 23 (running days) 

Z 
72.37土19，， 62

6. 24::t 3. 50 

O. 36::t O. 93 

0.28土 0.48

Method ( a) : improvements in the methods of production巴ontrol(the 

discipline mentioned br Burbidge and Duckworth) 

Method (b): investments iri machinery and equipment 

Method ( c) : modified specifications of products 

Method (d): reorganisation of factories de~ignated for subcontract 

To accomplish these aims， the population of our research im-

proved in the methods of their production control. As regards the 

shortening of the production periods， method (a)， improvements in 

the methods of production control， made a contribution of 72. 37土

19.62%， while method (b)， investments in machinery and equipment， 

contributed 6. 24:t3. 50%， method (c)， modified specifications of 

products， was responsible for O. 36:t0. 93%， and method (d)， reorgan-

isation of factories designated for subcontract， produced O. 28:t0. 48 

%. These contributions do not add up to 100%. 

Improvements in the methods of production control consist of 

the following factors : 
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( 1) roaking the hatcb size ()f work ~n processsmall (and 

:also making the th:ne needed for'set-up ， sbo;此)，

( 2) improvements in transfer， 

( 3) layout of machinery and equipment to facilitate the 

flow of work. 

Thesea:re necessary and Bufficient conditions .fo:r synchronis乱tion.

Method (1) cut;s botb ways. It shortens tbeproduction period， 

but mayexert a harmful influence on the labpu;r p:roduci.;iv:ity 

defined by ASME. The required discipline must keep constant七he

product of a much larger batch frequency x set-up time in -hours 

per batch" 

Method (2) is represented by the Japanese sayjng“the王inal

line does pull the previous lines (processes)ぺThefinal line deter-

mines七heope:rationand the kind of productof .the next line 

(process) ahead， and the latter dE:jterm.ines the previous proCeS.S in 

its turn. Such a transfer enables workmen to operate machines 

with minimum stocks in handas demands vary， The discussion 

concerninS' cyclic planning js reduced in .extent and. importance. 

As an instanceabputmethpd (3)， the following may te men-

tione.d. Various types of work are carried out Ty a workn:l.aJ;l at 

the “work c~mtre" w:here a latbe， a mil1 and a drilling machjne are 

c.ombined in .the flow of .materials. Suppose he is going to work. 

:up a .material intosomE:j part. He loads the Imaterial in tbe l:;tthe 

a.ud 9PeratE:js thβmacbineand then p.nloads the lathE:j.d mate.ria1.. 

T，hen he loa.ds it in the mill， operates the machinE:j and then 

unloads the lathed and mil1ed matE:jrial. Afie.r that he lo.ads比 in

the drillingmachinE:j， op，era.tes tbe machine and finallyunloads ，the 

material. 1n a few ，minutes .thematerialお worked'up intosome 
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part. 

The total seかu，ptime in h0urs for :using a Iathe，a mill and a 

drilling machine舟 es.!not raise the cost of the ;part 庄七hefollowing 

conditions are met : 

( 1) the lathe works and sto;ps automatically and the wo;rk-

ingtime in hours on the lathe I:s equal to or above the 

set-up time in hours of the mill， 

( 2) the mill automatically works and stopsalso， a;o.d the 

working time in houl:s on the machine is epual七oor 

above theset-up time in hoursof the drillJ)g machine， 

(.3) the drilling .machine w.orks andstoJ)s au防matica1yand

the working time in hours on the m:;tchine is equal to or 

above the set-up time in hours of the lathe. 

The recipro、calof labour productiγity， however， shows a decrease 

at the rate of 7.37% per anlJum. Method (a) adds the contribution 

of5.6.12士1.6..24%..method (b)21. 57土(L82%， me.thod (c)0..20土7..97%

and method (d) 1. 29:tl. 05%. 

TA:BLE 2.THE 'RECIPROCA:L OF LA:BOURPRODUCTIVITY AND 

CONTRIBUTIONS 
w'，eighted J:>y sales 

period observed 、 9.32土0.42(years)

reciprocal of labour productivity(9.32土0.42yearsago) 100 

reciprocalof la，bour produc土ivitゲ (1980) 49. 68土8.05

contribution of % 
method ( a)5612:t16.24 

method ( b ) 21. 57土 0.82

method (c ) 0..20土 7.97

method (d) 1.;29土 1.05

Note: 

Refer to Tal5le 1 about method (a)~( d). 
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CASE STUDY 

Let us turn from the sample to the sample points. 

It is observed from the valll:~s in Table 3 that the production 

periods of several industries adopting synchronisation in these 

ten years are shortened by two-thirds to one-third， In particular， 

we can give the batch sizes in terms of shifts in both 1975 and 

1980. 

“ru:ri batch" 

12 shifts in 1975 are shortened to 1 shift in 1980 (the pressing 

process in a passenger manufacturer)， 1/2 a thift or more is re-. 

duced to 1/6 or more (a series of processes in lens manufactt;l.re 

TABLE 3.. THE PRODUCTION PERIODS 
days 

(1) (2) (3) (4 ) (5) (6) 

1971 16..7 32..2 1/2~10 11.3 30 11.， 5 

1980 6.9 24.7 1/4~ 6 6.. 7 13.8 4 

Notes: 

(1) passenger cars of compact sizes (the average of four companies， 

Toyota， Nissan，. Mitsubishi and Daihatsu) coiled steel plate cold 

milled . pressing・bodymetal ass'y • painting ・finalass'y 

(2) lorries of 8 tons (a company) steel. pressing' frame ass'y. 

chassis ass'y . final ass'y 

( 3) household washing machines， semiautomatically driven， 2 kilo-

gramme washable volume (two companies) coiled steel plate 

cold milled ・pressing. painting . ass'y 

(4) colour televisions of 14 inches (a company) inserting integrated 

circuits・chassis. ass'y 

(5) cameras (the average of two companies) processing of main 

body， front plate and prism . painting . machining . units of parts 

ass'y . final ass'y 

(6) duplicato!'s (a company) die-casting' machining. paihting . .units 

of parts ass'y . final ass'y 
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for cameras)， and 5 shifts become one shift (the machining and 

painting process in a duplicator manufacturer). 

“transfer batch" in 1980 

、1/4shift is gained in the case of four passenger car manufac-. 

turers， a washing machine manugacturer and a duplicator manu-

facturer. In these industries， parts are transfered from subcon-

tractor-suppliers， whose production processes are synchronised with 

the parent-firms' internal processes. 

1/6 of a shift is gained with the above camera manufacturer 

among internal processes， and the figure is unknown for the colour 

television manufacturers. 

For instance， the above lorry manufacturer attained a decrease 

of work in process valued at twenty thousand million yen (f， 38 

million， IMF， IFS， Oct. 1980) in two years， ¥vhile maintaining the 

same level of production. 

Table 4 shows that the contribution of method (a) is the great岨

est and the most important. 

TABLE 4. CONTRIBUTIONS TO THE SHORTENING OF '.PHE 

PRODUCTION PERODS 
% 

(1) (2) (3) (4 ) (5) (6) 

method (a) 95 100 80 50 100 100 
method (b) 5 O O 25 O O 

method (巴〉 百Ull1}S O 20 25 O O 

method (d) 。 O O O O O 

Note: 

Refer to Table 1 about method (a )~( d)， Table 3 about (l)~( 6). 

It is observed from the valuet in Table 5 that the reciprocals of 

the values of labour productivity are relatively widely distributed 
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betwe'en eighty three and twenty SeVE)h. Tabfe 6 shows how-

methods (a)， (b) and (の eachcdntribu:te effectively to this result. 

TABLE 5. THE RECIPROCALS OF LABOUR PRODUCTIVITY 

(1) (2) 

1971 100 100 

1980 42.1* 834 

Notes: 

(3) 

100 

30 

(4 ) 

100 

27*ホ

(5 ) 

100 

45 

(6) 

100 

70 

Each value is on a standard ba:sise except for( 1 ) くく1) on a aetua:l 

basis-total man hours/total productions in physicai term). 

* Ministry of Labour Stαtistics of Lαbour Pr'oductωity 

** The integrated circuits are not includ~d. 

Refer to Table 3 about (1 )~( 6 ) .. 

TABLE 6 .. CONTRIBUTIONS TO THE DECREASE OF THE 

RECIPROCALS OF LABOUR PRODUCTIVITY 
% 

(1) (2) (3) (4 ) (5) (6) 

method (a) 70 83 O 10 12.5 95 

method (b) ま7..5 10 50 30 6、O O 

method (c) ロunus -49 50 60 12.5 O 

method (d) O 7 O O 5 5 

Note: 

Refer to Table 1 about method (a )~( d)， Table 3 about (1 )~( 6 ). 

According to the batch size of work in prOcess， the production 

period of the washing machines in 1980 varies between a quarter 

of a day and six days. In 1970， it varied between one half and ten 

days. 

CONCLUSION 

Productiort controI performs a double function f6r rationalisation 

of the production process ; high labour productivity and low capitaI 
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tie-up. Both of these factors are actually rea1ised by synchronisation. 

Making the batch size of work in process small as well as improve-

ments in transfer and layout of machinery and equipment to faci1-

itate the flow of work are necessary and sufficient conditions. In 

the decade of the seventies Cin particular， the fiye yeaxs from 1975)， 

Japanese manufacturers have shortened production periods by 

forty three per cent. 

Making the batch size small cuts both ways. It shortens produc-

tion periods， but may exert a harmful influence on tlabour produc.-

tivity. The repuired discipline must keep constant the product of 

a much larger batch frequency x set-up time in hours per batch. 

In the same decade the the reciprocal of labour productivity shows 

a decrease at the rate of 7.37% per annum. 

It is proved by the data that the economic batch quantity theory 

and the objections to it resolve themselves into whether synchro-

nisation can in practice be realised or not. 
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