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Abstract

Japanese scallop aquaculture productivity has become dramatically higher along with the
progress in its production techniques. However, in terms of the aquaculture business management,
the profit rate has dropped into a very low level. In order to improve this situation, scallop farmers
are recently trying to automate the ear-hanging work, which has been in the lowest labor productiv-
ity category compared to any other processes.

This paper describes a theory on the mechanization of the scallop farming based on the
industrial engineering method. This theory consists of the following decision-making methods and
analysis models.

1. The decision-making of the optimum efficiency work system by applying the line-balancing
method to the ear-hanging work.

2. The decision-making of the optimum cost-efficiency balance between the machinery and
manual labor in the ear-hanging work.

3. The analysis model for estimating the cost effectiveness of the mechanization of the ear-
hanging work.

4. The analysis of the conditions of the mechanization, which enable the cost reduction by
applying the “operating-inferiority” concept of MAPI (Machinery and Allied Products Institute).

Results of the numerical analysis show a model of the optimal work system and necessary
conditions of the mechanization for improving the profit rate in the scallop farming.

Key words : Scallop aquaculture, Mechanization, Industrial engineering, Time study, Work system,
Ecnomic evaluation, Production cost reduction
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1-1. EH{LIcRET B HER

A OB A D ST~ % SRRSO — o, [HEREE DR BRILCHIET 2 7250
EILER ORISR U RITR & 3 EREHRETRT 22 p0E1 X MUEHORSE (BHGHS,
1995)] BT SR T 3, LivL, SH % CTORE- BREDEERIORE MBI L% b 7
5UEREEEDTE R bOD, T0—HCRENRERORY « BEER « ATEMSOME £ RE
sS4, BTLbBEREORECERLAN-72 & bIESh w3,

IODE S EREERY GHETR, 187k - 183 2 MEERBEIRC i, fERON— FEOAR 5T,
RO EEEEOFEL oY 7 MO LT HHEEL T & L EETH 2 1Eh, BREIR
AR OB £ BB T B, WA, MR, W, MBS R L s 5 A
DB & > TRBRERETR £ L THAM B EIHE L T vl 2 LA ETH S (Bt
W, 1995)] L|EESIND LS 5T,

BUE DS TEIMCEROBEA & ST LD 5 7 D11, EREER & ERICIE 2 T - 308
LT < 2 b ASATAE R A FE B o Industrial Engineering (LE.) 02 (H R0 IE HiE2im, 1979)
BRI TR OBATER 2 F7 (OB L T LT H B,

1-2. AHEMOEH{LHAR L LE. miEH

LE. i3, [Mofhn] - T ADEE | « [ OB | 2 —H Ui EiE R oo 2 T4
TARVEREREI % M7 3 % 1EEERTSE Work Study (AiAk S, 1970), RGIRECEERE L © OB HERIE
ZHERNICFE TR T 5 BE L Management Engineering (&, 1973), M WFEE AW TARRROFKE
FRPEF DT Y * ORA %517 - 7280 3 2 B EH Quality Control (F)Il, 1989), Hitg=—X %k
7o U DREFHNCRE 2 "G HFED 7 0 v X 23 E T 5 fifE 1% Value Engineering (&#£5, 1984) %
E, KEEHOD 50 2HFEAFIBFEERE2HB 2 O ICHEK I UEL OERNEEFE 2R
LT3, Juk, LE 3EEECH TEL X O THEEOARL-SRCFHE N TREL M, EHK
270 ¥ OB TESUIHRALTEE (I, 1966 ; KA, 1991) wBWITHFAIRTEY, 2hZTh0oH
DREE MO L EEFEL LTRBRERIT T3,

—7, KEZIZBWTIE 1960 £ & 1970 ERPIE I, HBFENITRCETD L s - Rk
B TREUE  BRCEA R (dhEEw»8ERES, 1969; X A FHZinEs, 1970;
KA S, 1964a, 1964b ; FERE, 1964) DR A CTThNT3, FEKIC LE. F:28H L AL s
VA= T uEEOE RO (»DoB- % < SEMFBOE LTS, 1965, 1966a, 1966b, 1966¢,
1966d, 1966e, 1966f) 1 L or A2 T Sk, BHREORIEIIEROEESE L THRIC L > THEEICER
ENTWEY, BELZTESN EREMTC L D FHHRFEBOBAC L 25BN IEEY AT LD
BE L UBHERMNOBREN R RBEIIL T, 2 A MEERORRE2EN E L TiZviwnss,
MAFRYBREOHBREOETHE AR EEIL L IZRTH S OB (1969a, 1969b, 1969¢, 1970a, 1970b,
1970c, 1971) b LE. BESOBEBMAOFEAE L THERTH 5, ZO—HOPRICBWTYH, EEMT
&> THREBHOMRIEVPID TAREL B2 I ENTRBRIN TS, 35124 HHID WEORTM L5
BOEBELHR 2 2 2L (S8, 1998) 25V T & TERMTOFELEICH W S, B Eh
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WREOEAEESPIZL T2, LEOBHITIE, WERMDEIEIZEE T T4 < BB O P
B S LE OFMENEFESNT VS, i, ML LRIRERELZ T T EBREPERECBY
TH LE 2AviFAEORS (MEH, 1996a, 1996b, 1997 ; #H &, 1999; =&, 1996; LT 5, 1995,
1996 ; Yamashita et al: 1995) 3T T3,

Ll, 2hsDRFEFFRCBT 5 LE. O#EARM IS EERBOERNSNFR TH 2 TR LK
M CLLE > TB Y, REELEORENRBELCES TE2ETCREMLTB ST, ZORRIT K-
HE « WERR L Vo LERFENORAB R LrEBENCE Ok eEZond, SHKD
SNTVLBHRELEEDE LB T, E—HNaEMERIS T CR{EANENE 2 &8 2T hiE
o7, REREORBRFES LELEMEEMOMRE L ERWHSORHSRD s Twb, i, &
EBRSOETETRD 5N T ABERCIHEEZEOMEREMIZV I 2T H L, FHEEEFROGENR
Fib, RUHEE=—XIBEISL: (5] ELTORMERFELE I8 EENE, ZDLIkE
BRI, 2hE COTRSFIPRES T L wolz LE. OBRFNFEROBERAERMEEZ T, L
E. 2N E T3R80 EECHET 28BN OBMSE2BRL T AABLETH L LFEZ 5,

LE. FREEHECPKEL FOMEED & 5 CEHELESLEEY O NEE L MET 5 £ EEHC R
REMTH S, KX T, ZOL I BEEREPERTE IRy TH A/ BMEENGE LT, LE. O
SEFERZBERALOD, Ko R MuBMICBE T 28k L k2B L, BRNGIFEED s hEO L
LT st 3 2158t 2 HE T 5,

1-3. BIROE\E

WHRLEEFEEICBWTY, EEIR OHIBIKEF 2 258, &EOTUN BB URITHANE
ROBEEP T 2 LEND S, B2ETIE, K7 7451 BEEORHKL, BEWZHE - iboXELR
HowHEMEEOBBILGED NI Th- Db 5T, ZOREREDY [EHKGFEER
BRE] poERL TuhnI bk, BREFESBEEOEMPAE LOGRFE, SBE L, FcBm
LBl T3, £EEBEROEAC & > TEEREREMICH L3/ VEHELZRRY, TOK
M RFERE Y [FERBROTSNE ML Th Y REhHBEERORM BRI oI (BE,
18D ERAK D2 EEZ 0N TE R, ZITHETEONILRED ORI T4 4 BREEORBECHET
MR 2 FHEEL, RBRCEBRILCEL TERIREEFCOVWTERELL, BRE2HERBWTR
HRETREGEEMCHE RS MR> Twd [98 - BERVEE] CowToBELst 288 L 12,

BIETE, [DH-ERYIEE] OMREERS 0, k16 THROMEVTEET 1 » Tihbh
TWwW3 54 N5 vy 7O (Ignall, 1965 ; Mansoor, 1964 ; Freeman and Jucker, 1967 ; Salveson,
1955 ; A3, 1995 ; Helgeson and Birnie, 1961) % F\> T 217V, BRROEERM % B -88 1 E
PERNEERAILT 2 LDOTELEEV AT LATDWTHERLL,

BAETRE, F3IEOHETIEFET & 2 WREFENEELHELIEYT, 32X bR/ e 2 1EEE
BCE & RS BORED I D H e EHERE R RE Lz, RO TIhE2AVT, HETELIN
T EHMOTEREY XA T LADFHENRIBETH 5 Z L BR LIz, BRI, OREVBFENE L ERZE: RIRHY
RS 228, RUTBEEY X7 LT 5805 (Sharker and Shanthikumar, 1983 ; Pinto,
1975,1981) THWOHNZRE L OHEICB W T, YBIEEPHELEE Y A 7 o227l T 5 L THF|
BEEAEREOZ L 2R U,

BHETE, EEEAMEENCHEINHHER VB IOREEIMERST, F3E, F4E
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2. RETHAEESBORR & HHEBAICRIT SRHES

BMEC BT 2EMEUE T R MEEED 3356, LREIEE) ORI I HM 0 7 HIH % W
TLLEYBD S, FIKY T4 A BREEOEHIZ [HEBROBANENETH Y K Ly@EErE
DR ENhoT: (B8, 198])] LEHFIATBY, ZOMEACBELTRELISHLTAS
DERD 5,

FETIE, 1993~1998 FFIZ LML 72 WRFE L FIT S T 3 BEHREHER - XE AW, ®F T
i A BEXROABERE OBR LFERAC OV TShDD, BEFEOBR L EBREOREIC O W TH
BlY 5, 27, EESBEOIRSEE LI EE A BHKX L EREERBHX IR > Tz T 5o, 5
BUABEEEMCED L ) REEBL b6 LichERT, T U TREBICEERMRE L OIEEOERR
FEAOMEREE LD, SHBOBBIOMBEIZOWTEE L, B, ®F 757/ BREECB I 2E
BRI DWW TIdE < Ok (Hardy, 1991 ; Z5Bi4, 1985, 1992 ; £ S, 1986 ; S, 1992, 1994 ; 7k
B, 1994; 5%, 1962, 1976, 1979, 1980 ; 4K, 1980; LH, 1996) %3[M L 7248, —MbL T &7 4%
FEZEDBURFE B L TR LB 2 WR D B AR 2N S ko Tz,

2-1. BIEREOXRELEMES

KT T 44 BFEHZ, 1960 FROKARGEMOBEFEL SMEV B CHREL L TR ZMDIET 4
BEREHERL TE 1205, 1970 EFROBEHBEL BRI B WL TERE, BRE, BAE, yusiivo
TeRIEEEH CIEREE NP FREL, BHITHEROKEE CRETBET T 2ERER >, L
L, 2Ok, FEEIREAICHTT, 19983 EB I3 FEEMEELKE, BNRKEERYE2H
HEELECRE L, ZOEEEDOMUNZ 1985 £ 1095 b > 5 1995 4ED 224 F b > &, 10 ERIT
LI TH B,

Fig. 1 & Fig. 212 1995 FOMBFIEER - REEK L SERBOBRERER LD, ThoDO”»S
ILHHEE KB E FREERAO 2 B TR EIRE AT IR O SRS L R LU OB ER N I EE T
HD, TOLEEEEDY 2 7H8ELLERSTWRE I W2, ZhoD 2R TIE, KaL =k
BIEWRS & 3R D, RRREEY b OHBAEFIME L o BIEBIB O AL L AL A, 1975
(BERE) & 19784 (WEAE) ORKEAVFELURNIC ZNB LB S ERBIE R I R h 3 1E P EAR
MWL %o Twle, 20%, MR TCH—BARBAOTRIC L > CEEERRUSbOD, SEEOEER
EREANWERIOBRENC ERIZ XS 10h 57, FOERE LTCROEEBET LN TWS,

- HE VBB X 2WB0OEEERH
1980 R IC U TEHEE [0 ZHR] 5, BRHERBERE L 0 OEEWESE N [HRYH
Al NEBHIT 2 2L X > THRIBOREEFANTREL Ko7z,

< BREY A 7 VOB HE S Mk OF BRI -

BICEABTEERO» ZHR TR SERARFENEERTH - 7248, BB HAROESIUC L 2 EHH
HBERE R o720 TOI L L > TEEIA 7 VHBEHILL, BEMESXKED 3 XKEH» S 2 KEIZHK
D, 1 XKESOMBERBEIEML -2 Lizk 3,
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The others

Lake Saroma

anagement
Total 6,272

Funka Bay 19% 25%

Mustu Bay
Iwate ShiGa The others
% 3% 3%

Iwate Miyagi
s 4%
Miyagi
Funka
Bay
52%
E 140° Musta

Bay
34%
Fig. 1. Yield of scallop aquaculture and the number of management unit in Japan in 1995.

Source : Statistics on the Fishery and Water Culture Production (1995), Ministy of
Agriculture, Forestry and Fishries (MAFF).

300 140 ¢
(a) (b)
250 —e— Whole 120 -
—& Oshima - <4—» Abnormal mass mortality term
= i 2100 -
5200 —o— Aomori E ! : Aomori Oshima
-§ - [wate \g 80 |
g150 —*— Miyagi Z
2 E
_gloo ;;’ 0
= B~
Es 20 -
|
0 0 - " *M‘ K }Eﬁ:(
70 75 80, 85 '90 95
Fig. 2. Yearly change of the yield of Japanese scallop aquaculture.
(a) : Total production, (b): Unit production to a scallop farmer.
Source : Statistics on the Fishery and Water Culture Production (1970-1996),
MAFF.
- EERMOFRE & AEL

MR LB R LR R O R B 2 & OBE S T AL 5 & 5 H#EIT U TREEERMHHE

L7z,

Lirl, SERBICNT 255754 OEHEMOBmER L Fig. 38R L Twa ko, BKEE
BEHIK TII R 74 4 OELRMITEE CHEHCEREZEBTL, £, 1 BEFEL 0 OEHEERINT
KB TEOBA R R L7 Fig. 4 0553 & 312 1989 LR IIERE I X 2 BNBIR IS~ 4 F ATk
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Fig. 3. Yearly change of the scallop price and yield in Fig. 4. Yearly change of the average landed valve
Oshima region of Funka Bay. and average yield.
Source : Statistics on the Fishery and Water Source : Report on Fishery Economy —Fish-
Culture Production (1981-1995), MAFF. ery Household— (1981-1996), MAFF.
35“7 T T T T e
301i Slncome Overall

25: B Expenses

Income-Expense (million yen)

Year

Fig.5. Yearly change of expenditure to a scallop farmer.
Source : Report on Fishery Economy —Fishery Household—
(1981-1996), MAFF.
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Fig. 6. Typical nets for intervening culture.
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(a) conventional type (b) with loop code (C) with plastic fastener

Fig. 7. Typical mehtods of ear-hanging.
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Table 1. Schedule of scallop farming in Funka Bay.

June Setting seed collectors
July I Harvesting seeds
August

September ¢ First thinning
October

November Intervening culture process
December
January

February

April
May

March

I Thinning and ear hanging
June
July
August
nens Main culture process
September
October

November

December

January Harvesting
February

March
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Fig. 8. Labor amount invested in four culturing process.
Source : These data were obtained by inquiring three scallop
farmers in Mori, Shikibe, and Yokohama (Mutt Bay) in 1997.
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Cost (million yen)
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g - © Labor cost 60 (
. gas; y = 0.2178x + 1.3328 (Depreciation) | o Dec
7 r * Fisning gear R®=06485 . °
| x Fishing boat ) 50 L ~==Jan
6 ‘ o Depreciation . = L +§:b
!+ The others °0® £ ar
5 r o o5 /;/;& 9/,«1? ‘g 40 | +Apr
) . 0 o 5 —e—May
4 A £
38 o o £
| o ~ ] I
o b " y=03889x - 2.1354 (Labor cost) S 20 -
I, T R%=0.9285 3
N LA T Y 7 g 10
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Total expenses (million yen) Year
Fig. 9. Distributions of each cost to total farming Fig. 10. Yearly change of monthly yield in Oshima

expense from 1981 to 1996 in Funka Bay.
Source : Report on Fishery Economy —Fish-
ery Household— (1981-1996), MAFF.

region.
Source: Report on Fishery in Hokkaido
“ Hokkaido Suisan Genies” (1980-1995), Fish-
ery Section in Prefectural Office of Hok-
kaido.

Table 2. An example of time schedule from March through May in Mori recently.

Household worker

Employed worker

Sea Land
0:00
Hauling up the intervening
cultured scallops
4:00 Transporting the pearl
’ &1 nets to the workshop
Haulingtup the main.....____
cultured scallops 77
(Harvesting) ... _...-c-oo-emomoo7” Drilling
Shipping the cultured Ear hanging
¢ ____________________ scallops
8:00
Hauling up the intervening v
cultured scallops ... .ococ-o-momoemoe
12: 00
Suspending the ear-hung ...
scallop to the long line
16:00
\ ]
20 :00
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Fig. 11. This diagram indicates change of the work periods in spring in Funka Bay.
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Table 3, Fig. 12 % 1994 £ DO FHEIC & > TH SN ILEEEABOFRRERFHAECET 5 114D
K ¥ FH A BREEROEHEE & LBEABOREERMEZEL T L TWS, 12721 Fig 12 &, (HAEE
% Table 3 \ZRT & 51, HHEER, EMEEaE, P LM, RoTH, BARKE, BN, WD TH
HeZ0fic 8L THEBBRE TRV ST 3 EREE L EEMAFRICE W TKRD I,

Fig. 12 5> & 1970 £ I EhEMEaE, A, B EHEE:, BMEBE~OREVR o5, ZORHIZ Fig.
QIRITEABOBERERLLVDAERL RAbETHH S X 5 i THRERMUOBEY (1973
~1977 4F) 124720, BREEROMERIC L 2 BBEEROTK & 2> TRIERESEAZRETDH
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Table 3. Categorized fixed assets

Culture machines Drilling machine
Net cleaner
Shell cleaner
Grader
Larva separator
Fastener setter

Transportation facilities Truck
Conveyor
Motor porter

Facilities on land Warehouse
Cistern

Fishing machines Pearl net hauler
Line hauler
Crane

Electric equipment Fish finder
Remote controller for operating boat
Radio

Facilities for hanging culture

Fishing boat

The others Water pump
Generator

Note : This data was obtained by inquiring eleven scallop farmers at Mori Town,
Hokkaido.
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Fig. 12. Yearly change of the depreciations of the Fig. 13. Investment of machines at five years.

categorized fix assets. Source : This data was obtained by inquir-
Source : This data was obtained by inquir- ing eleven scallop farmers in Mori Town,
ing eleven scallop farmers in Mori Town, Hokkaido in 1994.

Hokkaido in 1994.
Note : The fix assets were indicated on Table
3.
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BhAT—var% 8T, (k=1,2,3, ... n; n=<I) L L1 L EDIN—FRRBOLEET A > DNT
YAREERLIEDDTH B,

TN —TRBIZEDEED SRD 2 DO % TR S 50,

HR T EREEROEREF Y 5 W BMINERITH 2 FEEROETHEESH O UTONL AT - a YOBEFEFH LR,
F I BRT — v a v OMFEEBHEEMOGEMHEE S NI A 705 4 L EBBL v,
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WE2| t,
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WEs| t,

t
WE4
WEs| t
WEs| 1,

Work elements

~
~

WEL1|f,,
WEr

o

Combining group |

sti| t |t (b)
ST2 | ¢

ST3
ST4

v

Work stations

Performance time(time/pc)

Fig. 14. Schematic diagrams of (a) the original and (b) combined
work elements.
t i is the standard time of the ¢-th work element (¢=1, 2,
3,...I). dand 7 show the idle time of the k-th work
station (£k=1,2,3,...n; n<I) and cycle time respective-
ly. The hatched area is the sum of idle time in the line
production system. The unit of performance time (time/
pe) is the necessary for processing one of item.

ZITTODOERER%E WE,, WE, L L, FEERZ v BOR T —> a v » ok 584 (ST, SP,
ST e L TEZB,ZDEE, AT —Varer (g<r) KEV YU TSN {FEEFK 28T, y=S8T,
DOEFER, 81k > T WE.<WE,H25\wix WE.$ WE, 2z sl skwn, 2L, [WE,
<WE,| B3F2$EHE « PMEEBER y KRITL, [WE.LWE,| BETHERLTILEBRVWILEE
95 (A - K, 1976),

BT 23572 U7z ST et 28I ()RR, ZOLEDHA 7MY A LI (2 RTEET
x5,

PR (1)

1€8T,

r=max > t; (2)

1<k<] €8T,

@) ROV A 7 NI A L ST 2 & F N 2 2FEERRHOBMOZEIT [EREFHE (AR, 1992)] &
Wi, (EERIRZET &€ 5 [FROEERRE 2 BRL Twb, Zh% )R i TRL, fFESR
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HORIEREFE D 1, Fig 14b) DA 235V AROFHFHRIFOTTREREEL, 1)~3)RX» >
W ARELTHDINDE, Z 21y BEERRSBOERHEKTH D, Fig 14(b) FOEK X OBEORE
BeEd,

di=7— 2 (3)

1E€87,

n n I
D:kgl di=nr—y; y=21 2 tezizzlt,- (4)

k=1:e8T,

T4 VEEFEEROMELA LI 210, IOBREREEZETIE, A7F—v 3 VEIOMEERS
DT v ARBEBTHRIE I W,

—J, YA I7NT 4 ARCEREBIIEEEROME R F L > TER DT, ERHCEILINT
¥ ADH—RIL T REE & 2 B, 2 DIz, Fig 14(b) DY A 7 V¥ 4 AOHTHENER L v O
BOBSETH S 6) AR THREZIE E 2 AW TEROEEERRONS Y AR2FHE TS I LT Lz,

D

E=-2x 100:<1——
nrt nr

)xlm) (5)

() MR T & D1, MMEEIELK & L EEEEROBBAREEREI/NE {2 D, WERIESKE VLI LS
RanFEVRAFLATHDIENWE S,

SECERDIFEORBIEEY R T AR T 54 DEEENRK, ALY A 705 4 L (s/shell) 28
B ORBENIESRA L B 2 EEBEROMEYORRICE >N 3,

(2) {REERSOTHE

HIE CREFEERDPED LU TONL—DODAT —va v DA TUEINS L 5 IEZEOFRN % HT|
ELTHEZA v ONT oA RREL LT, 2D, BOoNIAEESRTFADYA 7N T 4 AT
REFEIOSELEL, ZOELD /NSRRI A INI A LATEERITI ZLIZTERL,

ZIT, ZOESRCLTHEONIAEEV AT LADEERZ IV EDZHEICE, RAT—Yarr
BALLAFUE T 2 FESEZ 5D, ML > T 1 DDA T — 3 VOBEMEEREIZED St n
bODAITHEAT —> a VBEO [ RENT L OBEATAEERR | REHIN, FEYRA740 [RET EO
PFAINIAL] bEREWETE S, £/, AF—YarousbizEviEo B CIEEEERICE
BOREEBEREBT 2L 2BERTIOT, LEFAVDONNTIVARRAT—¥ a > ONFIE Hlb L
FEOBSE) CLoTHEMT 2., 5RAT — ¥ 3 > ORELFIEIE, BT b o BAT 4R 2S5 80
REHI$ 22 2BER LI LT, MESIRBPRRE ZLBEGHE»SRDZ I EBTE S,

ST DI E me L5 L, UFEAT —¥ a VEEO BT E OB REFERER a1 (6) XTHRE,
ZOREDHA 7NV A A LEREIIEZ (), (8) &% B,

2t
m:ﬁ% (6)
7= MaX ay (7
E:igxum;yzgak (8)

EEERDHALERODDZ L (N RODI A INI A LBEEBEDT, T4 NTVADENBER
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F—¥ a OAEFEIL (8) RDBEIEDDI T ¥ BPRAEEZLZHEED m DESLLTREND, y &
ar DMTHZDT, vy ODRKERERE a: PERECEZHERTCOVTHESNS, Il »roH
it (9 REMLIEHTE o PRKELDEE, (10) X2 5K 50 5 WHE me 3R/ NEEAE &
%Y, JOEPREIEEBRRLIBER D,

PIRA
S (9)
PR
mee| S| (10)
3-2. ITEMMEEXERREMOREL
(1) EHAEE

SECBER D EEO TRMT L EEERBFH25HHT 572, VTR I X 2/EEMR % 1994 5 H 23,
24 HIZIbiBEBE K BRATENDO KR Y 74 1 BEEEOEEB BT, VIRBEHIZEARTHAR
VY REDFIE8IVETFTAA XTI L DEF 16 BERIERKL /2,

@) TESH

TRESWORR, UHMEER Fig 15 1R T L&, FEBRLIRS THA 27 I oHY
H TED H UIEE] > REBEPERER2RET 2 [BIEE] >k 5 7454 OFHRE/NLEB D
3 [EFfEE]l >R T H A DFLCERBMOT 7 A 2BLTL VT2 [7 7 ABUIEEL O&EkL
oA DDEEBERTHEREIN T L Z L olz, ZOSTERED»S, 4 DOFEREZERIC 1~4 £ TO
REREZ, BIELERY WE~WE, L1, 2O %, EEOMEFEKRE (11) XD X 3 wREh 3,

WE, < WE, < WE, < WE, (11)
WX T, BAWEEC bo v AV EROORE 48mm M LOMEERL, Thr2HRINRE L

LTWw3, BRIAEETE, B2 3 AEEREDORS 754 ZAAEHA N Vv 2R, 88 0.5~1.0 5
DETESHZT 2 R LVHEEEMEEOBCEOBERE2E LAATREALEZT> T3, o250

WE, WE, WE, WE,

Pearl nets

Trommel Drilling machine ),
rae SR o> TR N
i e \

(o]
T Braided

% ¢ Selected scaliops line
Ry Thinned out scallops under
) 48mm in shell helgpht(no use) AN
@ Nylon line |

Fig. 15. Four consecutive work elements in the thinning and ear
hanging work.
WE, ; Taking scallops out of peal nets. WE,; Thinning
scallops.
WE, ; Drilling hole in the ear of scallops. WE, ; Setting
a nylon line through the hole.
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FERIE S AFIC L > TiTbNT W34, TE, Zfro7 7ABL E TREEBELLBEIIEASH
DOH 5,

(3) FREXRMOEEL
TEREBEREFMOBRELOF L, P.TS %k (BEER), Rk, #HlESH 5, PTSKIISTES
NIEEER R X S5 ICEEEHE (&, 1987) KHEL T, BRo#x ], (Aogx ], Moz &
[ZhFROIEEEN] L 2HEY TEEDRZERL, ChicE oL CEERM2EBT 2 HETH 5,
HERIER T U < HEE L EROBREFLE2EUEEOER» S HET 5 FEETH S, Lol, EE
DIEETRIEEE Z L EEFEBRL->TEBY, BREAFECIUEROFICBALLLEERE 2K
ETAEENTEHNCEEZND I L d, ZOEEOEBERFCHAMERRD ShT, EETFIHEEF
WMCHET 2 L BRETH S, 2O HIFEERRFM I ERIRR 2 BHERRM & 3 2 FRRCE TN T
BEHL

BREME TR FRIEEER T LICERORBICER L, 1EEERDY V94 7 VORIRENE L&
TEERED, BEE L ¢ EEER (1=12,3,4) B TEEEPIEEBERFA T 2 5K TRHR
Tead 3 TR THA % p BB LIBE, RYTHA IHYSL D 20E T 2  /EEERRH X, (s/
shell) it (12) Rz k> TKD >N B,

Teva— T giars

P

ZDEICLTHONLTRTOEEEDOELERRFESM % 5% OEBAET 2 REL 1M
# (Tabled), TXTRIFEHEEIRD SN:OT, BEEBEROBERFHCHY TS ¢ (¢=1,2,3,4)

X,= (12)

Table 4. Normality-test of the measured performance time for each work element (WE,~ WE,) in the
thinning and ear hanging work.

Work Number of Mean N . e
elen?en " Worker Age Sex :am;ll;s (Zs;‘ S.D. x? Significance

al 61 Male 9 0.26 0.06 3.17 O

WE bl 57 Female 16 0.20 0.04 0.65 O
! cl 31 Male 14 0.19 0.02 0.17 O

dl 33 Female 19 0.29 0.05 1.07 O

WE a2 62 Male 16 0.05 6.2 1073 1.52 O
: b2 58 Female 20 0.05 6.5x103 1.86 O

a3 22 Male 25 1.06 0.19 10.13 O

WE b3 50 Female 10 1.49 0.19 1.36 O
: c3 57 Male 10 1.26 0.13 0.41 O

d3 33 Female 10 1.57 0.12 1.8 O

ad 70 Female 14 541 043 0.36 O

b4 20 Female 21 3.15 0.18 0.81 O

WE, cd 58 Female 15 4.25 0.31 4.49 O
d4 35 Female 21 3.29 0.24 2.13 O

ed 42 Female 22 3.39 0.17 1.69 O

* x? value

** O, X ; (95% significance level)
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10,26  (n=58,w=4)
WE: |% i

=36,w=2
WE; 90.05 ( w-)‘

1.27 (n=55,w=4)
3385

WE3

75 (@=93,w=5)

Performance time(s/shell)

Fig. 16. Measured standard time of the four work elements in the thinning and ear
hanging work.
n and w are the number of samples and workers, respectively.

&, BEREOVHEERHOBFE, SHEE L (Fig 16),

3-3. F¥ AT ADFHERER

(1) RF—2a ~DIERBRNVE) YT

S BERVELOFEEEROEFBEGRE ()R 20T, METEER T 1~ (MUF LSP; Line
Production System & IFE.3) & Fig. 17 127" 3 8 DD/8F — > 7272 %, Fig. 18 25Tl L 7 AEHE(ESERE
e G) REAVTEHLEEZ Y —> DT A 2T AR LRBRIEERT,

A RER L RS (RRIER) BRWEEEROMEAE R, I U CRETRER LPS #h o £ERD
B (EIL, YA INT A ABBNER D) IN—FRROFEL, ZOH TR LEENED R LSP %
BIRTBE7NTV AL > THEONS, FFESHRLL TV 4 - BB EETR, BUOICY
A4 INT A LD 375 (s/shell) AT & %S A5 A LPS,, LPS,, LPS,, LPS; ¥R 51, RicZ D
T N— TN TRRKORERNE R R LI LPS; (11%) P ERBIEES AT AL LTRSS 5, LPS i3[IRY
HMUMEE] & ERFE] RO [2AFEE] 2 1Oo0AF—vary e LTHAY [T 7 ABLEE] ©
BEIATF—3ar b UEEEVATATH Y, TRNREEETCOEEEROPEGE LABL TV,

2) {FEERSH

Fig 191k, BBEFEI AT A LB o1 LPS D0 THZBEIA INVIA LEEAT —Y a Ol
T % (8) RN ESREARE o7 IBFICOVWTHTELEbDTH 5, UHEEOBE T, £
5 a v OAFIESATIEEE R E 25, ZOFER, BELT YA 7V A LEFIRT ISR
EBHRBRERLEELEORSBEBLIENTE S, ERILIHA 7 VF 4 L5530.62 (s/shell) TH 2
CEDS,BIAF—yarZIANE2RATF—¥aizid 6 NOIEEE RES LT LPS, 2SR HEED
BWEERITAB Y AT AER S, EFECBI AT —Y a2 YOEERRS L IZIZFRICEEZTRL
TBY, LEBEIEEFLIEENRVRRNE 2 2EEV AT L2RBHNGERL Tw3 b0 ELHEZ N
%,
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LPS,
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WE, WE, _ WE, _ WE,

O O—>0——>0—*0

8T 12 ST3 ST+

Oty O———0——0
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Fig. 17. Eight possible combinations of line production system (LPS~LPS;) in the

thinning and ear

hanging work.

WE, is the ¢-th work element. ST, is the k-th combined, or non-combined

workstation.

3.75 531 E (%)
ST1 ]:|:5 ;
LPS i g;g 777777777777 35
ST4 Il|II:I:i:|:l:I:l:l:lrl:l:l:l:l:l:lll:l;l'
STI |-
L. PS 2 STZ rzerieseinr7; 47
sT3 III|'llllI‘j.j|||l'l||‘II|||‘lIlll' [
ST1
LPs , ST2 47
KY & 28 (HKHHHHHHHHK I
ST1
LPS ST2
N/ 35
ST1 ]
LPS5 ST2 OGO i 71
LPS, =l 53
LPS; 512 o 52
LPS, ST1 100

0 1 2 3 4 5
Performance time(s/shell)

Fig. 18. The line balancing of the eight possible combinations of the line production
system, and evaluated their efficiencies E.

34 E =&

AEOFEHEE AV TIEEY X T A OFHE 21T 2 BT, B RVFEEREREL TR LEDBD o
o, EEXERERIEHT2EEERE2EDLD REEERFC S L eI KET 50T, EIEE
DEREIHI LT f s TR 2 £ L 1k, BRICERDSDS hi-VEEEFROBER 2 RET &
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1
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Fig. 19. Thirteen calculated examples of variation of cycle time
and efficiencies E, when adjusting the workers (m,,m,) at
each work station in LSP;.

THLAB-EBVEECBO TR —EDY A 7 VEE L R 2 B/IMEERN L TR TERL I 41F
HTENI—BLTEY, KU TED M EERIE Y EECRBT 27 A - ko TWVE LH
Zbihb,

SRR L ERSEBREAL 220 - BV EEORBEEEY AT L8, T4 N7y TOB&
L0 TEEELZFEERCHEL, FEERFE»ORDONDI YA 7 V5 1 A EREFIT
LoTHRET DI EBTE S, 251, AETCRULLEESRESEEAONE, MBI NH L WIESE
EREMORBELERAMEEETFELI A IV 4 LA ERBRIE,LSHL Z L bAREL 2 5,

58 - BRVELZZO TP AEEER LIRS, F4 Ny JETSERE L TIIEEESR
DBEBH L TBOEET A Vol EARLBE LS, L L, FERGTRIFEERRO: O EH
ENBFAMYT S ARBUFELT HBRBRZEOFEASB LT IO ONTEY, $F TOEEEKRI
DI RERLEINTBEIBAZINL I LI > TEETA V2EOT VN v ADRENTFEE
NTw3, ZOLE, 12 AEREFRE RV ZEELSBROERLFR L BRREOHEASGT >
i, EDBWEERREERT LI EMNTE 5,

WHEED TRIEIR N E TEEEDAR L > TERD LN TS, 5H ER L 2 FEEHVRIE,
SHE L R L A RN TRADEENER L 2 5 EEY A T AR UTEEBERS B SEIRET
2IENTED, RETREFMEICHET 2MEL YR L THER LIEESEL D CER 2> T2
Fold, RETRRZBEFHIEELEET 5 LEEOHRICAIL 7 L OV EENLEES AT L0355
nNbE%E2 25,
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4. ERI AT LOERE L HBRBOREER S E

EIETKE, oEB-BERVIEEY [FRhEEBEEY X T A (LPS)] ELT#EZ, BUDIE [54
NIy 7| OBSERWT [HREREE] BRALS [BREE] O E2ED, F0KRIDE
o4 D7 =7 AT —var®2iibs 3 2 & CEREEREEY AT LDOFEERSTEBETH S
ZERT LI, ZOWYHEEEEHOWIIE, T4 239 Y ADBOLEZES L /ERE R UKL iRt
BTE, BROCUSEEOGER @M ERIZ I TE, LOLYFETRAT -V 3 O
LIS EEBROEF 2R T 570, BEMEEEAREE Y AT AOFEPRET 21T 2 L i
TERDO B EFEY R T A TRERE L EEBASERICHESNSE T4 YRR E k558, —
i OBUR I EME TARE TR T 2 L 51T 4 ORKREIE L £EBROR/ME L v S SRR ERIE
2D O LB H S,

—7%, W& 7. LPS MDA EEN % 5HE 3 2 %81 Pinto & (1975, 1981) % Sarker & (1983) @
LB H 2B, Pinto & (1975, 1981) O CIIESBIEE Y A T ARRRT 272012, T4 ViREE
O LPS CBAIAHYT: D OFHE L BBSEEONTER L REERE2 L TEID T, ZOMER
INZT % LPS % (Bl | EFHEL T3, LidL, ZOFERE X LPS OEERBNTEATF —v 3
CFAET HIEREEE 2 BHEL T 2700, BREEIERE DA 7 — ¥ a U NEEREIE & BT EE
TaEIHRPERHTCELREEE L 372> T, X727, Sarker 5 (1983) X Z DIRER &8 72 T
REEZHWTWAD, IOFAREIZEES AT ACHRET 2BBEOCRBEER® T XCRMEEL LT
5 DT, & DR 2 BHEDOHEEDE NI L ZREMRSIEFER TE 5V, FiZ, Pinto & (1975, 1981)
RREREELEEEMA L L, EBEICE > T1HY D OIEMEHNE CHREL THWTWwSY, Z
O REE BRI BERE L CREBEST AR R EH s G 5 [THENAEES 1 > it
LTOAREHTH 5, EEHBD 1 EOBERIICETL, ZBLr O RERESIC L - T4 R » U
EVKIBCEEHT 2 UFEECMOBEEE N L TR IR HMERE k> Twa,

KETE, BEHROBETH>LUTO2HE2ER L NS EEBHOBES 2R, WMEshR
EERAPE—NCRZ ZFHERE 2 EEL CYFMEEY 27 A DRSS R T E1T - 720

L SEBRCHERIEREZEAL, WRT 1 > POBKE-IC L > TEL 2B EHNROETH % b
T 5,
2. BHRWEEREESERC L > TERT 28 UTERHT 5,

4-1. {E¥L 2T LOFHEF

(1) E£EROGRICH) 1 BREORER

ERERIGEAAEEREG . D ONEBGHTRIN S, SERLWINR 21, EEROWHT—
BRY D DEERBR2ER TS [P 7054 4] 2EETHERY, 94 705 4 AIRES A >
DAT—v a VP TREEERMZFOIE (LT, R viy 7 TR) OEEEERETHY, 2h
RIEMET 57 DT UERA T — v 3 v RWFIE U TEMERINS - © QAR 2 NS ¥ THERE »
RETEEDLEZenFEz o053, LoL, FEEROERNK D THTHNITEETRERRK 4 >~k
BEERD, ROL D BREFHD Y V>~ BEELT 3,
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Original LPS

Stage-1 Stage-2 Stage-3

1 025 2 ’ .
E=542% ;3% 1-# el

Cycletime=2 R §: worer

Cycle time=1 & Machine
l LPS-1 v LPS-2 i LPS-3

Stage-1 Stage-2
w?

L 0.625 1.
E=75.0%; 4-81- WE=81.3% ;4-%2- ® p=g750,.4.03. ¥

Fig. 20. Schematic diagrams of an original line production system (Oliginal LPS) and
three line production systems (LPS-1, 2, 3) with parallel arrangement.
The cycle time of Original LPS and of LPS-1,2,3 is 2 and 1.

Fig. 20 &, A4 2 V¥ £ 1232 TH BB Orginal ~LPS 05, 54 VERREATF—Ya v D
WHHUEEIT>THA 7 NI A4 L% LICEBLIBED LPS-1,2,3 28R LI b DTH 3, 12121, Org-
mal-LPS 1%, 3 DOVFEBER TR AN, F2BHOEEERICIIEERR 1 FEE-18K) 267
5b0Dkd 5, k72, LPS-1i3 Original-LPS O bV 7 TR TH 5 Stage-3 (Stage L 135 4 VR
BED [TR] 2BW%T2) 2H5MELTHA IV I A L5 LZEBLE 4 VRRT, ZhiextL
LPS-2,31%, 74 > EFHRELAEFIULLI-F 4 W TH %, 45 LPS 2RI CRETE S %
&, BRAHRBRIED LPS-3 SRBEFES AT AR B, LI L, SEEAE,SR2E:4TO LPS T
WRIEEER 4 AN) BFELVOT, PBBRER (BB—F) TR/IMNEERZIED LPS-1 Bl
AT ALERY, WEEEFE AR T 2R 5,

T4 DR ERT — a vy OWFUEITHES 2D & 5 ME IR, EEXEH BT 2RBELV AT
LERET D5, FER (XE, Y14 I7V5 1 L) LEREFERVCEEBR (FBBECBBRRFE
%) RH—HCFHETARE2ZAVRTNEERE L LPS BRETERWI L E2RBL T, Bzt A4
TN A LRHREINER T A OB H B & > THBMELT 22 00, ZhoDERESER
At U BN E RS T, ZOFID LS CRRERIE 2RO LPS BT L BRAKEEER
R ZETRESRVEICEENLETH S, LPS ORHEE M+ 28, ZOELEETE AT
liRE:2HWLRETH 3,

(2) BHEREEH-HHER

Fig. 21(a) 1&, #REFRE de OFAET % 100% KRG OREZNE 2R OMNEERM 4 EY X 7 L% LPS,
ELTIA NG VARRBIR LI DD TH 5, FETRIE2E LM, 5 LPSFOFEER L F
FHHERRME WE;: (¢1=1,2,3... I) RUft:; L L, BEkRA7—var% 8T, (k=1,2,3... n), Bk A
F—YDEEERIB AR THLEERAT - a v OUFTEE m £ T2, 1MEERRI L0
WHABERERSREE T T hEE L AT —Y OHMEERME a: L 94 7V 4 A v RURERNE
EZ(3)RBO Lo wERBHENB, (14) REBEED LPS 1289 2 1 8F %72 0 OFHBEE Uen % FFE
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Performance time (s/piece)

{c) Equivalent system ; LPS_ to LPS,

Fig. 21. Schematic line balance chart of two equivalent systems (b,
(e) to an original (a).

3 how (¥/time) TELIZBDTH B,

>t
@i =" r=maxa, E= —L><100 y= Eak (13)

m g 1<k<n

Ulabor: T hman * Igl m (14)

ERHEES TRV (W) R L > THEE Une2 EO I HEEEET 3 &, BARRBOE S LPS. O
HEBIFUYA 20V 4 25 FDb s 5 BKEE O£ < 72w Fig 21(b) 127K 3 #& R Z1E 100% ©
LPS, DHEE L R FE 1L < k2, 2D ki3 LPS ORI & - THE L 2B BEEROEEHE
T (14) R & 2HEEBHCHFETCETH RV I EEERLTWS, Lrl, —8RYSL D OFE
BERANERFEA P b s LIRET % L, EBRBRHE T, 5XZihbhl: LPS. DHBERDFF
ffiix LPS. & FRRS=E CRMEZEHUL LPS, L AER@ERM (T.=T) X394 INVF 4 LT
(>7) @ LPS. (Fig.21(c)) ST 2HBREE L TRV EI 2L TE 3, ZOBMRIKERTZ 2L
T, FA—0HEBERANYIONIESERPEE LB, A7 —YhOEKEROERS bIEEE L

FEFFHETE 2 REZXOFETHE N,

(15.1) iz Fig. 21 O LPS O ERBEFHE L #RFER VYA 7 V5 4 LOBKRZRLI DD TH
2, FRL-BEE»SEHT S LPS. DY A4 7V 4 A v 1%, LPS, L [A—DREZIE L k3 &4527T
(15.2) REAWS &, (163)RD L 3 IR 3, ZORIT, ERRELEFER TRERIZESL 100% L2 5
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BIRoTLPS. & LPS. DY A 708 4 ABFELL 2D, WEHEHSETTHIERBT LoV 1 2
WEA LT BEINT 22 EERLTWS,

n

Ta+'712 STd;,:TbE Te=nr>0 (15.1)
E=EFq=1%0Ta _100Tc _ o (15.2)
nr nr
,_ 100

(16) X3 o DBREAWT (14) RTORUZ 1 BTG 72 0) OREESBE Ve 2HLORER
RELELZHDTHS, FROFHI VA I NVI A b v CHEESNIBRCET 25EBERSS 1 >
DWRBEENIEEZFARBCHREINTWE 2L iid b, 121, ZOETEBCXLDOIIELEZOLD
ERLTVWRVI LS, EEEBREHTABSCREE2ET 3,

tho,z%o “ 7 s 3 s (16)
(3) HWHRHmER
BB L 72 & 512 Pinto & IERBRHEEAOTMRE S 1 H4S7- Y OBEEEH TR L TWwiz, K
T 18N OBREEECER CREAN S [HULEREERR] BB,
BHFROEEERBESOES L MC, i EEEROBBERE me,, EMFEEERS Q (shell/
year), 1 {ESEE RO ISHitE % UL: (yen), BiGd & i FELKL OBREMIE % SV. (yen), ¢ fERLER
B Ot FES e UL (year) &9 % &, Bfiid BN E Uty 13 (17) R TEX 2, ZORIZ, F
BRI X 5 1L D OBIEHE » B EMGTEEEE TRLTRDTHE I 05, BBk,
PHEEFATHEEPEMORS L 3EERICERT 22 L3 TE 5, 2 0O AICEBIIE L itEERD %
TRELEEEH ZEE L Pinto 5ORE L OERD Y, AEHML 1 EOMERICEDRL, B
DOWERFIC L o THERE L UEENKIBICES T 2 UZEEOMOBEARE N U CIXAIRE R ST
fiREErLZ->TW3,
Uiy = 33 BBl e ()
4) e AT LOREETHE
RETHA VRS D BT 3 EEE LSRR BHAEEER Uwl 1 (16) R0 1 84574721
OBEEFBFEE 1T ROBMNEERTBEALOME LT A8 RO LI cER 2, ZORITEER (V
ATNE ALY LEBEIERVEEBRZETEATEY, ZhoD4ENCEET 28/]OMESH
MBEL T D DEEBA L L T BNICKRE T2 L8 TE 2,

U ot = U tsbor + Ufa.cil’ty

].OO 1P,—SV,Z * mc ; (18)
E e T hm Emk-l- EZMO UL;'Q

BOHIC, BOBfERY AT LAOWER, B3ETRULERREL I L RS HINEHG TIOTFT
(18) RD U #B/MET 2 LPS L LTRD B Z LN TE B,



It kK & E &£ % [XXXXVIL, 1

Fig I PEEESRE T, 55 E Y A 2 V5 4 5 vy & TR, SERE EOWRSM L EEEHR BRER EOMREFEZ TN
Zh (19.1) K& (192) AEwzShidzsiv,

pIRZ

iE8T,
mg

PR
mk:[___,esn } (19.2)

T'plan

< T fplm:% (19.1)

feifL, BE ST, &S MC DRBROT L % EEERES « (€8T:NMC) OBBER (me) i,
FhkAT—Ya YOUFIHER (mei=mi) LT 5,

INSEBRRIEBOT T & Q B tow 21FEY AT LADINEEREEZ 5 b, BREERBE L b
U REEAEERRETIRT 287 A —F e, ¥4 7N F 4 L ERESER MEEER S B
INEDEBW L > TELT 2NTERER S, ZOROERTAIEEYRAT LAD/T A8 Z5HHIT
niZ, 30DAEERIC Lo THESNBEEY AT AZMEO AE L&k LPS »8 (18) A&
(19) KB L > T—EBEHCED SN D,

Hiz (18) KA OBWREIEEBR 2 (20) R Vi 13, LPS OBAIRIGN T Y ORBREAEEEMR L L
TEHTE, BEOHEBERAOEERTRERTE R [E8 T 2 £ENE 2R ORELEEDOERE]
PAGBLECBSOERBIRMI VI IENTE S, £, ROEEBALZASOHLVWER
L OHEE DT » 1z Pinto & (1975,1981) BSAWAEBAOFMERE Pua’ (21) RIZRT, 727201,
(19.1) ROLHET CHET 2 O T Pinto & (1975, 1981) #57R L 7 fEERFRIERS OREF YU DOHE S
%, [l THAERERL T2 0 OBEEROE IZEMEMNE (—H42D) WBELL ¥7-2hi
BT, R (yven/day) 3B EETHEEME L,

- . . i P;—SV.‘ > mc;
V=17 o + 3 e 33 LB e (20)

—pd .S (Pi‘SV:‘! * mCi)
Prow=ha, Em"ﬂezﬂ}c( 365 - UL, 1)

4-2. %ENS A—SDEHAIEHRE

SA B 199445 H 23,24 HiCLBEEBABHREBEARNDO KRS 744 BEEZICB W TTo724E
EMEOFRHER (BE3E), YUFFER—EOFEERMEIMER D4 DOFEER (WE »5 WE,)
THERINTEY, ZOBEFMGRE WE < WE,< WE,<WE, Th-oi:, £7z, LiEFBEIRICB W TH
#gft (1) Wiz 74 V@it LPS, 5 LPS 3 TD8RF—v e RB I EBHSHER 5Tz,

HELER L ERUSEESRMN UK oS - BERDERIR 3 Ahar S 5 AR Tl
TITONT V2D, YUFHFEOBREABPEEERRRIC L > THEATH o7z, FHENRHRE U ERIX
TR RERE T, 1 0 8RO EEISR T 40 HEIW 160 TIDO K I T HA ZEEL Tz Z &
5, SHE4ER Q & 160 A, FTELEENB H » 1 H SR E T4 HE L Lz, HEYA 74054
ACHAE T 3 & 700=0.72 (s/shell) L% 2%,

GEERLEBRLEY FEEAOEER, BBV TR 18K 1/EEEORETH > 7203, ol
AR T RER R MBI I VRIS 1 SREBABERAL Tw/-0T, EREIZED L 5% LPS
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Table 5. Expenses of each machines and labor cost.

Grader (Trommel) Drilling machine

Price (yen) P, 3,000,000 P, 206,000
Scrap value (yen) SY, 3,000 SV, 2,060
Useful life (year) UL, 4 UL, 4
Labor cost (yen/s) Pnan 0.243
Daily wage (yen/day) 7,000
Hourly wage (yen/h) 800
Unit payment (yen/shell) 1.03

WKHLTH LBETTHaREERIZHA TV DL L, ;

AERER Table 5 OIS P, BF(ME SV, MAFHK UL &EFEHE hu, RUERFE
RIS B % R L Tze B8 A= OBRFRIBUTLEEBERRE TH S, ERTEITEHEH
fifiix 1994 £ 8 A YFHX TITo 72 30 FOWKABCEILMETH %, YFHXOERER, EAW
BOEVIC L > THEPREERUVEREE TXIbR TR EY, Ias0FEYHB{BREFBIZZATN
7,000 F1, 6,400 1, 7,657 FITH o7z, %72, HRBITH 2T 7 A8 UIEZED 5B B 3 AR AEVE 3R
PRAVTEERGCHBELETH 3,

AR TAESEE C 8 RIS @I CHAS 7,000 HOFBHEANIHDLNU I BEOAEHMEL, REEYN:
D OHBEFHCHBELZME (haw=0.243 (yen/s)) W7z,

4-3. BEREEE

Table 6 iX, Tua=0.72 (s/shell) Z 3} 2% LPS (LPS,~LPS,) OBRIFEER, BREE, Y170
4 LARREENES (19) XL (13) X 5HB LHERTH %, Fig. 22 i3 Table 5, Table 6 Dffi &
RBETAREER U & ERBEVEEER Viw RO Pinto 512 X 2FHARE PTwa KETROTEH
LR THD, MPOBREEHSTRIFHEER 2, AREBIIBHBHEER ST L Tw 3,

WHENE R G Uwa 12 X 2FHEITIX, 8 DO 7 A > TR/INER L x5 LPS; IEE R EHY A

Table 6. Results of simulation with numbers of workers and machines manned to each work
station for the eight available line production systems.

The number of machines

Cycle time Efficiency of work Total
Work system 7 (s/shell) elementE c(zg/ll;ma.tlon wgryl;ers Trommel Drill
() % me, mes
LPS, 0.63 61.7 10 1 2
LPS, 0.63 81.0 9 1 2
LPS§, 0.68 76.9 9 1 2
LPS, 0.71 46.4 9 1 7
LPS; 0.62 91.3 9 1 3
LPS; 0.71 69.6 8 1 7
LPS, 0.66 68.5 9 1 8
LPS, 0.70 100 8 1 8
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Work system

0 Facility cost ey
Labor cost  *

0 1 2 3 40 1 2
U total (yen/shell)
Fig. 22. Estimated production costs for each LPS,~LPS; by Utotal, Vtotal, and PTtotal.
White and black bar mean the machine cost and the wage per one product
respectively. Utwtal, Viotal and PT'twtal were indicated by eq. (19), (20) and (21)
respectively. :

3 0 20 40 60 80100
Viotal (yenjshell) ~ PTtoral (Thousand yen/day)

FAERD, ZRIEH L TRESIEEZE E RV View I & 2501, Uwa TIZ LPS; DRCBRHEEEZ S
h5 LPS, R/INERDEEY AT AL D, WEEY AT LOWBIRGL % Fig. 23, Fig. 24 171" ¥,
HOWREEERIF UL, LPS, OZRFBEHD LPS, £ 0 1 BHWER Tk o703, LPS; 3BEE A
& o TRESIESHA L L 721 OBBRERE CRE > EEENE O L F 2 5N 5, FILLIHER
B U TiX, AT — Y OWBEKREFESHFBEERACRESINS 22k > TERBMEEER Vew TR
T CE R o IfEEY AT LA DRBREIR L FBEUBSHE—NCFERTE 3 Z L5 7z,
BRIDZODEEY X7 ADOBRIE, [BEEZDVIRHTH 5 050FEHR/EES AT L EFIRT 3

LPS,
Stage-2 Stage-3
sT2 \  [sT3
WE 3 WE 4
% \ ”:’;3
Drilt
R
Q O

B25

2-workers  2-drills 6-workers Iommel  3-workers  3-drills E-workers

# 57 =

1-trommel  1-worker

Viotal = 1. 59yen/shell, E =81.0%

Utotal = 1.76 yen/shell, E=913%

Fig.23. The number of the manned workers and
machines on LPS;.

Fig. 24. The number of the manned workers and
machines on LSP,.
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2, bLLIEF [BRIEVMED R MEES AT 4] 2REPOFEEIR EOMBEL LTHRZBZ L
BTE D, FHHEToLER T, LPS, ODfEEY AT ADSEERINGEINS h Tl ds, BN LR
BT BEEV AT AMNBENTVARIEBOT U KX 3TEBTZL TH-EELOND,
RCEATMREC D 2HEEA L BERREEBRAOBREODVTHET 2 &, Uwa ® Vi KX
PT o OEBRBEAOED 2FSIHEHEEA L D EHIC/NS { Pl OFHEIC & 2 BEERHERAR
DEAREEOHBHERARL VBENFHAEEIN TS Z L0533, 207D, PTwa i & 2 8/NERE
225 AELTE, LPS CHABEZEED L AD L R BERS4E S W 25 R LT
LPS, 5BITNBHEREB S TWE, ZDE I PTww i & > TUFEELTET 2 &, BRHEER %
BHCLUTEITCHHBEBERAODLRWEEY AT LREINT 22 LR > T LR I, BHE OBIMEIIE
(SRR BRERE CEERR 2 TET 5 (RERMILRFREFEIERT, 1992) |2 LSRR 3 h T
WBDT, Pl & 25l SRS HEEFRE UINAEEPOBRSRICRE ) £ER B TE 3
BECOABEETIRETH S, ULrL, EEFHISREDEHHEICETT 2 URKEEDOES, WA
EhOBBEE RS 2 <, »OEROEERISNAGFHIERSLET IDBS0EERL Y bEL D
Bz, PTwa OFHECIBBEME O [MEEREREM (KRR FEEFBIZEAT, 1992)] »REHTF
FHLREL o, BEREREOMENES RELONI I L LRARICR S, ZOOYBEEL2S L
O ER OWELEECBVT Pl KX 2FHHEIRBEEL 3T X BV EFEZOND, LIz T, B
RIEEREERTELY Unay D& 5 KHEEAERI X - (EHT 2 BREHER 2 THEE B
REY»BOEFBEENTHY, CORCEVT Va3 PTwa LD BB THWAIRETH S,
FLUCTHERE U 2AVHIE, FERBSEEATOAEES AT LD/ NS X —F 2T 27200
THERLAEBRAVBAERCRESNIRERIEEY AT LARED S LB TE 3, KPR TIE, Hi
PREGS LR 2 EEER, TEEEDRM, SREEERH, EER LV ABERS T X —
I Ve CEZZZ LWL 2T, MEURBLUBEES AT LAOTDOBRBEIEEI AT LERETE
LML EIRTRT 5 Z LB TET,

LPS,

Stage-2
ST2
WE3 WE4

% g

1-trommel  1-worker 7-grills T-workers
—

PTiotal = 57. 1thousand yen/shell, E =69.6%

Fig. 25. The number of the manned workers and machines on LPS;.
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5. WL OIRBEMETM

E2ETHRUL LD CHE - BERVEECIAROEAFE I 2LEL LTE L, foBERE IR
B THEEEMEC» S TH D, TOL I WREERT T, EELUKFEDOEAMLITTRER [EH)
HEIE] OBABEDSNL LI TR,

1970 ER T TR ZOEBORKE (RIEF, 1977) 855 - 1208, ERCAERIS TOEMbIZ 1990 LI
Lhotz, BKBEEENCBT 2 b 28EORERERR LT Fig. 26 R 5N 5 X 512 1993 LIk
BHCEBOEANEATVS, ZOEBOHEAI L > (TEASERC X 283 X MESHRIhE» S
Ths, LhrL, BRYBIEEOBMEBBECHARERMTH 2.0, TOHAPBBERRORE
REER X 5 IcE(L3 s RER b BRSNS,

—7F, BEEBAROSEFTRD 2L, BT 2848, PEKEIED 5 & TRD (22) AL RIE
FORBHREIBRERELELI R IEBEE SN TS (JIIEE, 1966),

Ma+Mi<Ls+s+Em (22)

7272 U, BBALCRE S ST HHRRE NI % Ma, ¥ALICHE S BEE % M, BREX LK% Ls, &
EFROHHES s, SERBIEAIIEELICE D BIEE En LT 5,

AETE, ZOBSCETC TRHERETMELRET L, HRVBOZALBREREEOREERER
ELUTHRILT BhELMIT B Z 8 Lico AT, (22) RNEBBASRHARLESZ LI2T %,
BRI AT OBREI 2 R s e Thidz o kwi-», SEHKEY T 2EHEER
HEL, BETILERD L, L L, BBILRIBROLUHIEE S AT L28MrehzwRY, BAEE
DOHEBTZ BV, ZITEETE, 2 TEBRIITROSE - BERVIEEOEREY X T ADEERT &
VESEI & BRI OIS ER 2 EEE TN X > TR 3, 7L TEBILEGEROBScETEE
BEHPREL, BRYBOBRBEHBDREOFME 21T\, BREIZZORERD S ERLOBRE M D
WHEBELZPRERSBRWESEODWIHET S,

1 120
100
80
1 60

E
.
|

Frequency

40

Cumulative number

120

‘92 '93 '94 '95 '96 '97
Year

Fig.26. The number of sold ear-hanging machines in Oshima
region.
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5-1. BEMALIERES X T LDREL

(1) TER{ERXT A

S HR D (R, B3 BB L & 5 Fig 27.(a) R T [0 US| - REREE] —
[REVFIEE] - [F 7 ABULIEE] OFEEL 4 ODOELERTHR I WL EETH D, 72, [IY
HWUPES | — [9EEE] — [2TLEE) Bsmsr@he, (77 ABUIEE] BERSENTEHI ST
PHRIEES 2T ABBR LTV, BHEEISNS 8B OIEES AT ADN, LEHSE THEK
XN TV AERERSD, & 754 PEHABCHENL, »PORKHRIEEYATLATHEIENES
T, BABTCHO O ER STz, ZI2TIE, EERERE R U EEBERESCEEL THEEV AT LD
EPEBES L FRES OBEN BRI OWTHEET %,

BTRERSEERE Mo, 77 A UIEEOEEMEZERM (MO 7470 OH 1 e ILEET 5 1E%
BEM) % e (time/shell) ¥ 32 & UFfEES A 7 ADOEERS (H 1REERVREICT 2 EER
) zix (23) ROE 12k, Mg v BY A4 705 4 A B3,

— (23)

Miabor

7., BRLEANLH 1IKROEERESERVIREBICZ 22 1 KOEERBITHELZ YA I VI ALt %
FEBE, FABLIEESTRL (Fuy 78R, BAECFRHEMBRET 5O TRESEIO
RN BRASE N OEERENE FES R SR, Lo T 7oy 7EFEF S0z (24) K
OBHEDSER D 31722 & O B RIEFH B O 2Tb kT hidk ok, 2 UREEEER, Mo HiL
VESE DT (R IR, SR DR VEERER, RFUIESEOFREMEERF 2 £ N Z L Mtamity, Mpeant, Lectestion,
tain &3 5,

r> A
M family

(23), (24) R KIEMELSE L BAMFEE OSBRSS (25) AD & 5B LD,

; t=npearl, selection, drill (24)

mf,,mny:[ % . ml,,bo,] ; ¢ =pearl, selection, drill (26)

IO XD SR OERASB G EEENC, KEFEHIERGEICGREES D, KRO®K
TrREEMIIEERAY Y2 —VEHAL TS L TRLVEELZERTH 2EHEER & FPEEERHD>S
WEINDE, DFVEHELEEAY Va—NVEERSE L0, TEEERHMACFELER?
BT % 2 L DSATRERH B RS T B LEND Y, UHKMFEY AT LAOEERS (FH/R) 2EKRT
% (23) ROV A I NI A LABEERY Y a—NVERES B 25 ZEWBETH S, (AT, £ER
Yo —VEEEEE, FESENEEETI LT S) J2T, HELER, TEAEREL QT
8Lk, (26) KDY IID &S CHEHERARRIER SR, KB, Tpun ZFTEY A 7 VIT A L
e,

= Tpan>T (26)

O~

BlLE, BEUINSGA—F R TARTHILTH D, 22T, ILEBEEABRITOBRMEMEK TT - I
Sl - FEFEREEE T A—F IS TIED, (23), (25), (26) REATEES AT LEEL,
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(a) Conventional work flow

Workshop

{b) New work flow

Workshop

Ear-hanging machine -

Fig. 27. Comparison between the conventional process and the mechanized one.
Q (shell) : whole throughput, ge. (shell): produced amount by ear-hanging
machine, guor (shell) : produced amount by ear-hanging workers.

FRAIL72@R T3 1 H 8RR @ (T) T4 (Q) OXRI T HA RMBET 2EERAY V2 —NT
botco BIFEBEROERIELERI O PR RIX Fig. 16 02 V2, 7, YFEECTRbh 3 b
Y ANVORSFEEIE, EETEENTRED D BIERERFH M OFEER I BRI E 720, KIEME
FEBCHDLT 1E60A LTS, FAKT 1B 1 EEER2EY 2 O CREMFEEEBCET 5 2
izt B,

I DI & EEEROBREHOEZME L LT, HELER, TELERYE, SIEEEROIEER
FEARER 2SR U TROEE AT L2 H L L Fig. 28.(a) DL Sk, ZOFBRITERIU -
ROEES AT LE—BL TV,

PED XS CSFEERIRNEEDRBICESOEEY X 7T AR I L TWw, BERRIE, &
BRicEDE EEED & S BRI R EEECRBORD 21T-> T 3,

2) WHRSORELFBRR

URAFE OB [ FERIENZFE (Fig. 29) |- LHBHZTUE (Fig 30) | -[£HBE)ZLE (Fig
3] [BEEMOIE (Fig.32) | 0L I RBEL TSz, I Ti3IhsEBBEOBRIEE L LWBEEH D
g 2175 L HcHER Y BOF AR WTHAT 5,
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(a) Conventional system
Taking scallop Thinning
out of peal nets scallops

- N >,
2] i |§‘_

— 25
e B

Drilling hole Setting a gut
in ear of scallop through the hole

Y
.
(P Bk
Cistern-1  Cistern-2 Cistern-3
% ggg
1-trommel 3-drills

Half automatic m
drilling machine

3-workers
€—— Household

1-trommel

2-workers

(c) Mechanized work system

1-trommel

2-workers

st
Fig. 29. Picture of a worker operating a prototypical
drilling-machine.

(b) Conventional system with full automatic

6-workers

——> < Employee *

drilling_ machine

.

2-drills

Full automatic
drilling machine m
*M—workers

53 W

2-drills 3-workers

Fig. 30. Picture of a worker operating a half auto-
matic drilling-machine.
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Fig. 31. Picture of a worker operating an automatic Fig. 32. Picture of a worker operating an ear-hanging
drilling-machine. machine.

FHBREXZEABEH OIS, ARV —FBHFFTRUALEEZ N FVEEL, b5 EEIOFETH
F T H A BRI R EE G I AAALTEERZET LRI R S o lehs, FABMSEHETIE R YL
HOFEEFEEEE (R 0.5~1.0 [A]) HEA S iz 7zDFEERNLE OIc HOBRE %22 LA # 0T
VPRI T 2Lk, LL, ZOBMTRATICEEZTY 103, BEEEEZEADKEIC R Y
WVERDEHEC GO TFRSCFHCRETE 28 L ARV —F 28, £/, FULESEHL
KRS TR I ELSEADHFHNGERTH2 ZEBMEMENTE L, S5 RIBLAYORFE T, B
I Th 2 BUF@H IS LELLRBCRIE RS R W, ERETIEEE RSB 238 5 (e
OHTHRY v 7 Lo Tnic, —H, £HBHFUEL, EEE N EHEREE L P FIcfz ohi By
TANICRR ERT THARILTSIZDT, FEEHL WS R VEICES 744 288 L BERE
AT AR > T2, 2O DY EEFFAEE D EENESLLER, 3ot —F DR
HEMbT ORI ERFEIC L, %, BIEVNLETH LT Lo o WUFEEDERELEE LT
FECE L MBI R LN TED LD 0o, MEHEEEFRITA <V — ¥ O AR £ -
THZEDL 2D, BEFEROD LW d v —FIcB 0T & Z OIEERENIIRE L4~ v — 2 23tk
A2 & D AR HEEERE R X D e L T v % (Fig. 33), 2 D 7: 0, S HBIZEAEA~OEIC L5 T,
Bz 1% Fig. 28.(a) TR 72 6 A\OREHH @] % BENS € 2 DK LERFIESBHIEES 2, (25) RTHE
Q& Fig28.(b) DEIWC2ANERY, Kol l N\OFEFE BT 7 2B LAFLCHSTE2 L1
otz LpL, ZOBREOIEEY AT L OFHR T34 B 8HZE FLE OSBRI L3Rk B 22 FLEE D 20 TR
#ir 5 120~180 HE Bk bS5 T3 2 L 2 E T 2 L EEA R TEE 0 2 b SR U S ]
MbdHo,

fthys, BEEMDEE, [FIFE] & [7 7 ABUIEE] 2EABUETE2EFL LTSS LE, =
OBEBERIER, AV —FIDFTLHORY TAA OERES E BEMEER 2 &5 CEER A, B
D7y bAL vy F el itk > THBKRE #EME NV L TBRALL, #0FficF 7 A %@L
TTHE2%>TWw5b, INETHNEL T UT-o>TE [RFMEE] RO [F 7 2ABLIEE] oMl
HefH e RETHLET2 2 25T, 35 O BHEIESERSH b ST L 7 7 B LU IFE O R HEfr s
Ml L b R& <EHEsh (Fig 33), BAF@EOEEETEEIC L TWAEEA5ED ICE>Twb, Lk
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27 (n=55)

i

Half automatic
drilling machine

0.95 (n=50)

Full automatic
drilling machine

1, 155 (n=50)

Ear-hanging machine

0.000 1.000 2.000 3.000

Performance time (s/shell)

Fig. 33. Comparison in performance among the three machines.

U, BRI 55 380~500 HH & @i Cdh 5 2 Lichiz, R OB BRI & R bR+ 2 L E
DB 57D HBERE LB aR « BIEBNEE R D, D19, (5 - ERFZSORBaA b o L]
ERALOAEZFEL ALY T05, EBOA YT F Y ABR, B 5% BB LZDHEL
BT, LoL, TOEIBROIBRE - KERTICL > TRR 2708 15~#730 I & K& 225
EUTnw3,

ZOESICHBERVBOBARREREVSER T 220D 270, ERGKEN2 7o o BEY
EAT LMD HE—T, £ITHRVEROEET S, £/, BREHABEOKRNCE->Tb Ly LER
HBNIOBRTRBIRESBEZ-oTWRILbHD, BATIRRILCERVBOBRAERIIR ST
WEEBRBFEHNETRTERVBCEBSBZ: 2B LL) BREZ2HRERL w325, BRD
BEBALLBROEEACRERYEHEHHAL T 2RETH 3,

(3) BRILIERES X T LADRESE

HEHRVBOBEA L > TEASHBRBTETH L bDOD, L7 &> wEEBECIEEERY
BRI CORBRAFBHCEE b > T RLT — AN, Lieht > TEBILIEEY A7 A2 ET 2
WIZEBYBORAGH L BRAEEZEORS 2HAAATHELEET NV EE L BLEND 5,

3 Fig. 27(0) IR $ L5 CERVBEAROEEERBCRN 2Ky T V4 BB EB L, 22
TEABRUVER D EONERS quo, gu (shell) &3 3 & 20EE Q (shell) 13 27) KD LSk
ns,

Q= Guvor + Gour (27)

RZER D EOBABEE muwe, 1 AM72D 07 7 A8 U BEAIEERBR 1 54720 OFR D B
DIFSERFBI % bisors lear (time/shell), @ER@EFFMHEIZ T (time) X33 X Zh TN ONEE ¥ SN O
i (28), (29) ROL >k B,

qmF%ﬁf-T (28)

= . T (29)

Lear

(28), (29) Xz (27) KcRAT 2L Qik 30) KDk SRS 3,
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Q=(mun ) g (30)

tlnbor tes.r
ZZTR1IMDERYREIZ 22 Ro 0 EOMEEK] z (time/shell) & (30) XNz EBL (31) KD
roKHE2BIETE S,

-1
T:( Misbor + meu) (31)

tlsbor tear

L85 T, (26), (31) ROBMELSFHEY A 7 V54 A LERYBORAGK L REEAEROMN
Rid (32) XD &Sk b, COEAERE, BRIV ESTELERBN CHESERE ZLETERVLR
RIET 57D CLBEEBTH D,

Miabor = ’7< T:lan —%> * tlabor“ (32)

—H, BRAFENIPIET 2HOR quwe 2FFIFEZ THIL T LT 2 LB RIBEEBT Meawmy 1
(33) ROBETHE D T2 hid ke 5% 0,
T > A
Quabor  Mfamily
L7z o7T (28) A% (33) ALY TRDERT 2, HREOEL2BRET 24 Vv — 7 UADOKES
BEHE 34) Ko krickEn 3,

; 4=pearl, selection, drill (33)

b

tear

Misamity = R%— me“) . 24 ; 1=pearl, selection, drill (34)

Fig. 28.(c) & (a) ODRERIEET AT A LA UCHEAER E PELEEHMEAVCEOWLERIELES
BPEAULEBIEES AT ATHS, ZOLIRHETL2LERYVEPEATL I LT3 ADERY
BHBEIRENTWE Z L2, L, BRAFEOEHEE - RASKOBRR ((32) R) 13FEEHE
Bz DT, Fig.28.(c) DLW 1EHRALLDS EV-> TERAENEIZ 3 AFIRTE 2 LIZBS 1w,

DEDES cERYBEALAOIEBBAEEY X7 41%, (27)~(34) ROBRTIEXE L R0
Bashs %25,

5-2. HLIEE S X7 AORBIHIROINT

(1) BBRE TR

B R A (22) OEEHE L EIEOZE IR RIZTIROENMST 2RI e, IhiRER
BOFHMIEE (40) L LTHRETBIENTE S, 12720, R FH A BMETIHLERSEISAZRE
KRS TV OBBALEBREE L kv k, BRVEEABROBRBEIHFR CR PTERTEEL DR
ELRWIEERAHRE T 5, L7208 T, BBIERERNTRENT WS Em & Ml OIEREWBHADE
4C »ERYBREROTMMIEL 32, 22 TAC 3BERVEBEABRORBHNBEYRT I LTS,
Zh®E (35) RiZRd,

AC=Ma—(Ls+s) (35)
O &3 (35) AOBEHIZ, BRVEBEARRTHEMN, HiRIn2BHATH 25, IEEH (BE
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BREEHEAEOMRLZRELRY, H2HRC L > TR 2BHAEED Z & (IRE-F, 1974)) H
HEZYTRHEIETRT IENTE S, AIEBAEHBER Y BEARTRORROEIIE, B
#, ERBOHIERUHEE, HEEOHEENEZ SN, Zho OEBIRUZIELICB T 2 5%
{LRTED 18 (14F) 4720 ORE» SEH SN AEHETHMT 2 (UUT, HlZE L 0FR), 27201, #
WOEHE L, BB ciRbU 2 BMENE T3k {, ELOBMNIGE (ZE% L) 2EELILEFR
BMECRET 2 (RROBHBEOEMIL, BERERBEET 3 & &, BE U B S OB LEMHE H IR fif
EOEV LI L > TREYROB L SBRKEESAOMEIC S 5 2 TOEFHELIET (RR - T4,
1974)),

Z TR OEHIE, REMTE, S5, HHE, AEBOEMEEE, FNFN Cipmisions Crsinensce,
Cruny Casteristy Cravr £ T3 L 4C 1E (36) KDL S cEIh B,

A 0 = ( Cdepreci&tion + Cms,inl:enanee + Or\m) - ( Omawﬁal + Olabor) (36)

INSDOERELRFET ST, HRYBEARORBHENESFHECE 5,

(2) TEREHOEHEEOHEE

HEE HROBVUETEX 28 u AT OR T ERABXER Y BEABORASIRE
o LIet3oT, RFTH4 1KE 0 CH» 2 ERAE (F@BEM) % hee & T2 EER D ma. 51
ABRDFTHEBEOFEMEE (BRHRE) & 87 R0k deRT e TEs,

Clabor:qear * hlabor: Mo * T * hlabor (37)

te&r

7‘:7’3 b%é%m'fb (mlabor:()) @%ﬁ’ (38) iﬁo); 5 bztr6o
Olabor: Q * hlabor (38)

BHE®R SRENROSMERIERVBEZEATILOOESO 1 () Y7 DFHEL
%o eI LEEORMNMESS T2 20, B BOBBMEME Po \CERENGRE (F8, 1971)
2RERUIEICRY (39) RO LS wrdhz, HEESTHRL L S eksh 3,

Odepreciation: Pe&r * Mear * (39)

g
1—(1+7)"
Tear, J &, BMOVBEOBEEZTET 510 DHEFH, FIRTHS, 7KL, HCESOBESRFERE
BERENRE L TIID 2,

RIBTTR REHE L IEEE, ERFBLCRBCAET IBALERL, JITRZOEME
USRS i SRR ¢ ZRULMELERT 5, BMUBEAROFABEEHT 2 2 L 2F 2 hid,
BARTHE D Cnainenance 13 (40) RD & 51278 5, 72721, TERIEERF & BALOZFLBEE FUII man
kU MM family E¥ 5%,

C usintensnce = (Pesr * Mone+ Pt * (Mtomity— Masn)) * & (40)

PERIEFEY X T ADEFUEESE man 13 (41) RN TRED, My 13 (26) RCRENTVB, 205 %
(40) RIZARAT 2 & Cusintenaaee 13 (42) RD LD WCFRIN B,

Tplan

mlitﬂ]:’V 1 . zt,l ; +=pearl, selection, drill (41)
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OminbenanerI:Pw hd mm+Pd:ill * (’7( 1 _k) ° th“

T plan Lear

(42)

T'plan

—[ 1, Et.D] » k ; i=npeal, selection, drill

MR RERERUER VB CERT 27 7 AWM (272 LT 72 LRI 2ROENRS 34
B) % bu b £ 5 &, MEBOEMEER (43) ROL > 1042,

Cmaterial:(bla.bor_ bea.r) ° 2”’&.—62! . T (43)

122 LB DBE, (44) XD LSk,
Cmatetis.] = ( blabox - bea.r) d g (44)

BRR EEBIBROWEENBE LT 5. FIE BN BOREMEBENRS ren, Tw, B
Hifii % e, PEFLIFEOEMEMERERME tan & T2 LEEREE LER Y BEABOEGEEFEM C fw, Ol
X (46), (46) XD LS KR T I LN TE 2,

Clow=rain* by~ €+ Q (45)
C;:m:'rd.rill°tdxill'e'(Q—QW)'l'rea.r'tear'e'qeat (46)

L7, EEEOEMELRIT 7)) ROLICERTIENTE 2,

Cmn: 0 ;l,m_ O ;un:('re&r ¢ bewr— Tann * tdrill) M g ﬂﬂ ° T (47)

bour

TR LB iboBs, 48) Rokdienks,
Cran={Tea * tow— Tasi * tarm) * € * Q (48)

(3) BEEBAEAOKE

PLED & 51240 \33EEEBEREE O Hil, SAE/rER, SudEir o8t s, 22 TEERE
BREBOHMi 2R 5,

7 7 AW UALCRE S W BAZRERECID T sk 126 K07 7 2 icHLa - HE 24K
DOV 2, BRABE~NOEHBXIFEIR, BELALOBMARIERMIAS L ckiibhs
HEELOCEEAL TS, Ledd> T, HEEMEHREL O EH2EHAT 2 L1033, 7
TABUAEETOR 1D OBficaE 2+ 1 i TH5 (TableT), 7z, BRI 1 X7 7
A 125 K =B 1) 2 BEMHSI T b ERABED XN B 720, HEHM haver % HKEH L LB
RS COVHEMOME T 5, 72720, BRI TR UBEEBEMM T TWw 3,

HF D B CRABIIEEC & - TR, BENIBEL S, 27, (FERMNLRR S Z LTINS,
TERREOHEEMII A I 0 7 RERS N T35, ZOLEHEERICIERH Y, EE/EEEE 3
ETHIEBTERY, Lo T, FRCTRIEEREOHB 2T - BBOA 2R ET 5, HRD
O FAER near, FEESOFIE ¢ ZREBARCESTED SN T 3E : ERSEEEOF % FHu
%, B8, HOCESR DL IRt WwI izt 3,

R E k IBBERRE O E I @RS, MWEBEH r 3IEBREESEECHBIL 2@ % B
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W5 ZEWT b, INHDEEFBR L 2N BT 2TEH% Table 8 iR L 72,

(4) HSYESEAROEBIRSTmE

ALHEERKBHRANC BT 2 58 FEM 0 EEO 1R 47 0 UK (£EE) 13, 80 FH~300 kK
L3ETETH D, &7, FEHMRETORERFLEB SN2 3 A E» S &8 744 RENK
U425 AAE TON2y ABRERL 2> TWw3, L L, HEREED 4 B2 F il a2 4SEEDBIGS
BRI, RO OBERRBICR2HD R RV ER2FHET L L, ZOHBIcEWT40 A%
B2 BFEHBOMERIINETH L EFEZONLIBHEETER Y, I I TRBERERFC L 2EEEDE
HEFEOZE R ER L T, FHEiLEEE Q (sehll) % 80 AL & 240 Jitk, Mg T % 240 B & 480 BEFRS
LA DDAV DEER Y Y 2 — )L A (80 JFHK, 480 BEE), B (80 Ji#, 240 Bfs), C (240 JFHk, 480
K5RE), D (240 %, 240 Refdl) 2FHEL, HBE D BOKEHEE 2R T 5,

Fig. 34, Fig. 35 i&, BERVBBAD - HIZ, FhFPhRIEIRILES (BB 10 4, = 3.29%), B
FlERBEEE ((HEHHR 6 &, FIE72%) OBEEEPFHE LB ED A, B, C, DOLEEAY Y2 —1itB
JBEMEREEZELUIERTH S, 8T Table8 1035 2 — ¥l f DHEHEVERIR ] % & EliZ%ED
ATER ((36)~48) R) KRAL TT-o Mo 2L, EERE R Z OMOBREHB ICHAMY TH o118
HBotz, £/, TNThOEERAT Y 2 - NVIZBTIREB[AEGHBEBERE 2L THR L 7522 8m1L
DERNEBEEKT 2,

ZITFig M hohERAT Y2 — NV EERIBRAGROHBIRE 2RI T %, A4 HE 4C
EHEKT 5L, EEER T Y 2 -V T L REREESRERIZTER D EBRASESR R 5 2 L3 3,

Table 7. Unit payment to ear-hanging worker.

The number of investigated Average payment to Average payment per
fisherv households an ear hanging line one shell
Y (yen/braided line) (yen/shell)
Ear hanging work 257 1.028
14
Work of setting a nylon line

to a braided line 100 0.4

Total 14 357 1.428

Table. 8. Values inputted into the parameters of eq. (36)~(48)

Half automatic drilling

Ear-hanging machine machine Unit
Acquisition cost P 45,000,000 P 206,000 yen
Electric power Tear 0.558 Tarin 0.074 kW
Unit fastener bear 0.25 biavor 0.2 yen
Term of redemption Near 10*! b5*2 year
Rate of interest J 3.2¢! 7.2*2 %
Rate of maintenance k 5 %
Unit labor cost Prabor 1.428 yen/shell
Unit electric cost e .19.85 yen/kWh

*! Fishery modernization found (5, November, 1996).
*2  An example private found.
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Whole throughput O
6 800,000 (shell) 6 2,400,000 (shell
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Fig. 34. Differences between the conventional work system and the new work system,
which are calculated under rate of interest as 3.29.

Whole throughput O

6 800,000 (shell) 6 2,400,000 (shell)
o A 4
2 2
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5 1 T e
o
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X
g 0 E
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Number of ear-hanging mashine
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Fig. 35. Differences between the conventional work system and the new work system,
which are calculated under rate of interest as 7.29,.

ABR1E, ABD3EOEERTHLC,DRTAEFNLE, 4BEE>TWE, ZDXIEESE
WRE L2 ERREFIRE RIFTRAERDEL 55, 2 CCRACEEROEERA7 Y2 -1 C,D
DIELYD AC BT 2L, CTE AC/1 5=#82 AN L FEEERENC L EnD T
BAC/NE=K3FMCLOES LV, ZORRLY, FEAEESALTVECSER Y BOERIR T
Lo TREBHBEIRSIKE %208, FEEERBNEL FNITBALEYD O A0 /a2 L8
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MAERE I Nz, I I hiE, BREANBEPREAHEE L Lo LETEAOEMEELRA S (M)
PEHE LLEIMBERTH 0N, HEE, MHHE, B8 L vo REHBERAOEMEENE VI
B RBAGE (ma) & FERERM (T) 28R LEBABERICR->TWB IS BT
5, LIehio T, AERBIGC GEELERVEER BIZ SEERS0 AHRTIZ 1A, 240 KT
2EBEDA) 2EFEL, UBFEOBERMNORA Y Y2 N2 CDII3RVAIUNTTEIPITELHET
& ZWR TIEIBBILEERABTHCHET 2 EE LN S,

RCESTFZEOBEH SN L TH 2, Fig 34, Fig 35 2 HET ¥ 2 & 512, EESRER S
DECREZREINTIHRYBRAC L 2HFIRVB/ET IHER LS, Zhid, BEESBEEED
BESFZETIRROEANEDERMRENEL k5720, BEIRLES IV ERIE 154D
OEHEVSEET 5205 Th %, BR, RMESEBEOESHE (Fig 35) 2BELLEE, C2BR<4E
EAT Y2 — N2 TTRABHCHED & THMZEAET R AC>0 L 2572, A, B T3 80 MO &
ERZHABIBIGOATETAEL L LT HEBROEBEHEBOMES *EREBHRENEZ L
5, k7, EEHBESKEL TH DD LS CFEEERENIEVES, 1 50BAICE VT HEERM
ERLIEBRENT, ZOESCERIVEEAD D CEHSHMEEOESPIEL -BES2BET
28, C0L) CEERESKE S RRHEEZT> COLARKTREEHBIENRD 5 b DD, 7DHE
BEEAREESOR LD /&L, £, A,BD L5 R/INFHEEEORRTL D O & 5 4 mEHEN
RELTHEVWTFELERE2FHE TE 2VLAR CEEIRSIRL R W Z L3 - 72,

5-3. £

(1) FHEAEICOWT

AET, BHROVBEAOREE T 2 4C 1%, (22) ROBETET L DOTHY k3o, (22)
ROE & FEFERBIE A D B E OEA BT L7z, 2R, STHERY 74 1 BRI RE
4B, BMBSOREELSEILL TBY, RETERECEERBOFINSZBT N TR LT
HB, $lz, ~RAINTHEBBRERIEE, BAL, BMEL LI EROBHEEL TV 3BENH LI,
HEROBOFEAHNEZEAML (E£EIRXMR) OATHLERELIDOTHD,
[EEROERZHOZ W] 0 [EET R b 2EHRKT 5 | ML 28RET 258, BRESERTC &
2HBELEZ SN D (MAS, 1985), EASMRNT TId, [HEBIL—FEEERDOIM—~>ERSB SO LA

DB, DREHESMET T 22 ORESIEL L ShTWw 2, [BRIL->ZHEHORY > ERMEEOT
RE |23EE D 37 TS A L § 2 72 O IEEFS AN 72 & B WIESBILDSRII 3 2 Z L S22 05 Th B,
727U, BBALBROBBEMIIZED KV E LI RBCEThETERE SRV, L L, YFEETIR
BALIEE S A F ADEFLVTRINE DI, ERVEEABROLELRERER (X&) »4E
BRI TR PELEBREORABCBLTHET 2700, BEISSTENO L > hEEROAEERE
T ML BERABEKOEREE RV, £, SER, FENEEERE L 3 RTERORESNTE
B, W IHGAIBAR e DB I BT E R 5D, Lo TRE T, EEBEIERICHES
B E 2RV BRLERGoRcE DR, BER D REARORETHE M 5 HEE ((36) R)
2R, AR OBWROEEAY Y 2 —WEE L BRAGRRUAZESEHEE L 22, 4 DOBEF» >HE
DEOBEEDRILT B OEPERA LT,

(2) FEMHEORE

TS R & FHEE S LR T T  BERESRBENEMRICHELRIZT Lo,
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BRI HAEEOR THCRETHARC X > CET B KE, RITHA DT A -V 2ERL
TARSHEIAR I HI SN B, 2D, HBE L BRERFBIZLT L bZYRETE BV, 2/, £EBET
AGE U HR s (240 B5R) 2 TEIZ L5 CHNBHERVBOBEARBRTH S L E 2, HICHRER
M2 AIRICERS Z LB TENIERBOHBIRIIKESRBEEZ X5,

F, BROEHBIREELSOEBFREMIRL2 Y TRIO ML, ZOFbIEH < £ TERE
DF ¥y ¥Ya 70— T ETREHFELZIRIIIE LS THS, Lrl, ZTHRIERFERHO
FHET L 720, K, REREOFEFYEERRL 2858, MAFERCE SO IREIAR TR
5724, &, BFEEHEIND LEZLEES, FEREAEROREIREICZ5056THS, L
L, BEEMAER CRBERERE 2 B4 FELEDORLTVEILELHY, BERVED X S 2EBIHE
Wk OPHNLHAERRIRES LE VL, S 6ZMAERKIZIELZ OHRERICLEEL, 2—V—0
BESREBCEh o2 AEMNGEL, —BCHBTE Ry, Ld->T, ZOLIBBEETEEWER,
3] 2 1 PR SRR O FH RS b S L U TR/ YT A — ¥ IAENICIR D AA DD, BEMEAIRD
T % 5 2 C AT, BRILIEEY R 7 A0 BEREORB I DR N2 0EPRHMTE R, 2
DEBRETHEDZ I LIZT 3,
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6. Wb IIRMt

BOETIE, HRVEOH AL, BEEEHE 2 NECHMSTIIEED % OAGEEDHIROSATRE &
252k, BEERERTZEMIE L I L TRESRBAL T EALET 2 2 L BB RE Nz, Lk
L, BIEMFEICITBEIAEEE S Lo L BRERBEO EBEBLTHD, 72, BERIEOBEAIIZ, AGE
DOEEAEN 2 —75 T, HERBR OB HOEBERE DI 5, Ok OBEMEOETRE I,
BOHED L 5 BHELETHR O MM I M J Tk <, fEEICET 2 0 L S RE oma
FISHT 2 EE LTl 2R L CHWARERD 3 £ 272,

KETHE, HEOVIHRE T A + LERBEORBNZE(LORBR) & FHm FAES E KD 5 [MAPI R
DRMEF L (LT, BLTMAPL X 5 2) (Terbough, 1949 ; 35K, 1962) ) %5 5 FEOHREE
AL, ROTHBYEOHA K & > TREMFSER T & 5 £ERBE R BB & MAPT &%
THW LN IBESLHEE L ORFREHERBNCERL T, BRILSRIIT 2 BELHEEGH L2 ERBNICE
BTz BASHICBBAL DS 3 AT 3 2 offh & REIBHRE I 8V T H BRI TRALI 2 5 &40 H
3 ERHRL, BRGCET 2BEREORBEHOEERICODLWTHEELL,

6-1. HITHRIEENIRK

(1) BERYBEAC S ZBMEROTE
HROBOEADEATH LS -BE 0 EE (Fig 36.(3) ik, Ar TRV T o LT 2%
Bor T CHHEER LR 29 A TEFIL 7ot FEBROBRVREICT 2 EERETH 2, HFHMER
THEECkD 6 FFETITTObATE Y, SFEBPERTTROBFNAT L BRATERSIKREWIET
HDIEBERHINTVE, BRI T4 2REKNCERIREBIT S [77ABL] fERCIIFM
EAFRLET, BEGHICASTURIODIBOAZICEHL OEAHEHBRT AN T B (BE
B A L T 200~500 T OBEHAELZI b TWS) 855, —F, FEOHEHER D I BEEERN
REFAEERAOCAEL T HEREO [WE,: 7. fF%L [WE,: 7 728U 02 THE%
EHELTHBMETE 279, ZOEBELEAT S Z & T Fig 36.(b) O & 5 \CERHEEHOHEHTE
ey, XS THEKOER» S HORE FBERMIEI R w2y Mo Twnd, Ly
L, ZO—HTERVBEBALLER CIBBEBRE2 TX 20RO, FEEREBL
TUFEEPE 2RISR 2EACH 5, 20X EREOHAFEMFLEES 2R LS
5 RHE, fEEUMOEMEZFERL, BHBRMCHIN TRy 741 0L X 2 EFERDET
BPECIET, BREHCBBRIEOBREBENIRETEELZDDOCTEIENTRENTVS,

(2) MRHE & EIERT

HF D OER I3 mR O/EEHRN I 38V TR RAALEE 2N & 8 3 72 01 BN O B
BRI ERAMT 2EACH 5, O OIEEARPORERKRIEEZB LS 2 BT, YFERKE
T IHFEER SRR R 2 IR T 3 7 & ORUE U 7o SRR EIE R RS, BN EEESE Lo
TITbhTws, ZOMRERECTHbLNL2ERE, BErEERRCI>TERLZb DD, BBL*
HRFEAMRE 3.8~5 B AN L THEH 13~50 A RATWw 3,

AR TIZ 19983 FBRFE S N 45 HAHOER Y BEEMENRE LicdS, BARBEE K 2%
DY —EARER IS FHEEDONTWS, UL, HEEICIZBHER SR iEsHE T 57
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(a) Conventional line system

Taking scallop Drilling hole Setting a gut
out of peal nets Thinning scallops , in ear of scallop  through the hole
Gut
fastener
Braided
. m -
\
e
OWEI[\‘WEZ(\WEJE/ Q@O
| X 535
1
1
'
I
I
'

i«——  Fishery household members —>. m

'
i
1-trommel 3-drills .<— Employee ->i
H
i
i
i
i
3-workers : 6-workers H

(b) New line system

Plnst}: fastener )
New path

,a",,v"‘.f‘s )
Py N %@
Braided rope Ear-hanging machine

C) WEI1 £ WE2 - WE3 V(/\ : C
D 35

: I
E 1-trommel 2-drills E(' Employee *:
w——  Fishery household members —3) '

;
O Node 2-workers 3-workers

Fig. 36. Schematic diagrams of typical conventional line system and new one of the
thinning and ear hanging work.

B, 1993 F£n 5 9T FEWCHEB L /2 114 EOFHERE T 20 % EE Y, FIREROEMIENZ OB
A E»ih s LRI 2E@ICH 3 2 LB -7 (Fig 37), 5 EH F TOLBOEVEHEHEIZ 21T H
HThd, £z, RIPEIN7EHEO THLAEZ L FHAUADO LD TH 228, 10 FHEBEZ 5 HEIMED
I TED, RIS OMELESECBHS 2EH L bERIcZzhZTh 2L 1 #bH %, Fig.
N ERTHZ2E I EFNODHRRTRYEEOBHEBEL I TI0O AMEELI TCWE, Z0L S eThit
BB OERILICEWENT % &, 6 FEUBOBBMEREIIEC 21T THERT 2 Z L N THEE
N5, SSRHDERE CRTHEREROD 5 &M B—B Iz ns L Thid, ZORBOBREFE R
668 A LR, IhEFEETSE, FHREROBEMICHEW 40 HFHR 0 FM2E2 2AREED FR X
hz,

B OER b L  ZFREEORE IS FE D BBMERE O Q1K 2 b BTHRIROBES
PEEE R K E { ERI A FRBOTERARTICE > TTFENE EEZN2DOD, BEDEZ S, H
BEROBCBELTRIDL I BEFOIZEL, $/, BEIEETRC L IBERCTbRHINSN
WidR47 55w, BEMOBEBA LRI TR, BBERBILEEL THL bon, RIENCEEE
FlAT2bDEEZoND, LIW-> THEERBEOMNE, 05 LEBEREOMMERIRELT
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Fig. 37. Repair cost of the used ear-hanging machines from 1993 to 1997.

TOBENS 3,

6-2. HWMLOATIREM: & DIHE

(1) #RLn&kH

BESERRICET SRBENRG BRLE2ETT 288, FL4ETRLE (22) RoNEL Sk
NIEZORBREIRERELBEMESE S, Liedo T, BROBEIABCEERNZEL TV 3BT
DIKRSY T HA BT, EERBEOILKRIZITI RE TRV D, BRI Em=0 (Em: 4 ERET A
SRBIRALIE S ) DEMT T (22) R Y SO EESIESERILOBERIE L 25, 372, 8
WAL S RREE, ECBBEORBEIC L 5 HESHEXSE § 0 E T UL~ OIEE ORI % 39
BB SR IAELZERT 225, BB CRER Y BOMNBEI £ 255 741 ~OBE I ERY T
VAR RE R Tz MI=0 £ % 2 5,

A TR BEENT A — 5 ZEFEERD RS 7 7 4 TR 30~400 FREDC AT 5 LigEs
KBEDOLDTH 55, HFHMEOEEERDIZE A LIZ 100 FHULEOEERE YL 5T %,

ERBRRNGN HMFEECIBREE T ERI N2 BEEE L o L ERER L OMREESH
%o ALEBERKBEHE T, HEEOSARE L TUENRTH 2K 74 4 HEEHEEAEEY 4 ik
% 3 AhAIl (B 65 mm PLE) 205, ¥AEH ER L THOE - ONSE AR 2 5 A FAIZTO
TEREIN IR 2T Lk T hid, BRADHERRRAWERISENT 2 e £25h T3, L
L, =G CREBREOFHELBIEKR EBREMKE T 2 EETREI R EB LB T 220, B
FHiZ LR L 7 EEENOEHENC P2 KT SR 2 L BBEETH L L EL T VWD (KA,
1992), DA L0 & UFHEIC 61 2RIEKR S T 4 A HEE ORBPGBR % 9 U2 5R (JIIEHE, 1981)
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5, FEEIRMII AR AT 5 35 HATROMBICERE Lz, 721, FHMLic X Y RERTRERH
bhHrZ L bHFRBLT, FEATREHEIL 30 HRE LREL 72,

(2) MAPIELEBREHMH

[6-1.(2) XPRESK & BEREL| TRz &5, BBEEEHRMTS L &b CERN L sk - B -
P - TR ERT N, BREEOVENLMAEREEMT S I EBAETH S, LrL, BHR
HORFMEER LI5S, ZOMAFERIERER T 2 BMENE L BRERE & OHEXH B
FroRdDOND, D%, FHHAFEIRRT 5O TRHRMENRIBRYT 508, BREREYE
HIBSRE R MR L LS L2 E»SHMT 220, ZOWMEOESHETH 2 FHBERMEIE D 5 F£HI K
INEREOZLIZRYD, FOEPRNERCRUOABEFNRBE#RE LTEHRSNZ I ERER S,
MAPI i, ZOEZHREIL—FETHD, FRMHFRAH I T IBBEREOZREZ
[(BREISM | LR, 7 OEFIHE & BIMERE 2 &3 U E P EE O, 7 F N7 X —
N WKL 2EAMBREED T, 20 [B/hE (U, 7 FN—R 3 =< A)] kBT 5 [REFEWmHER
(XEFFER) | #ROREDO T THRET 2 HETH 5,

REL FRORMBOT F/3—R I =7 ARBEORBOZL ML TH 2,
5E 1. BEORKOBRBSERFEAMHC O > T B RBE N2, TO—EORMEASE [BEHHHEE] LHT 5.

T RN—RAT R — Y RBRAEL S n FEROFRCE 2 BB H O RHEZ BEMEICE S B2 -7
4R & B OB D GFHC EREFRBE TS 2 L ic L > TR SN B EFHRIBETH 2, %
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FHOHHHERETD %,

o= 5+ 4 () )
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MAPI (iZ X 234 2 MEL CHID THIRE L 72 %0 RFEDIEAGNIEF AL 10~20 F£0 B AR
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Enr L35,

V(g)=U(n;; g)=min{U(n; g)}, n=1,2,3, -, (50)
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Cost (yen/year)

Adverse minimum

Adverse average

U(n*) Average operating
< inferiority
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capital cost
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Fig. 38. Method of determining the adverse minimum and economi-
cal useful life.
P : acquisition cost of instrument, n : useful life, j : rate
of interest, ¢ : annual inferiority gradient. =»*: economi-
cal useful life.
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BRI EHE| LR LETZ &8 TE S, 72, NEHCEBEIEESNLGE0E n FEOBRER
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g=ritl., (51)

PFTiE, 20 V(g &S Ezhen [HEAFAEE) & [TVOMRERE) LERZ LT 2,
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Chabor, Cruny Croterit WEATOFIEIC & > TH 1YL D OEELSBL LD TE S, H1KNLY
DERBEMZ hwe (yen/shell) L 52 %, ERIVBCL > THIKREIN T2 BEEARER b 7
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(shell) ¥ 3hiE, BEFRBOZE Cux 13 (B3) RTEIN B, £72, BRVETOE IR BIZHERE



T X * E £ # [XXXXVII, 1

EOFAMOTELZEBL 2V 0, ZOLER I BEAFKR TR 1Y) OBNHEZNEL S, 2
CTHEABKUVERYBOMEEE L H 1K) OFIEERFME ZNZN ran,  Te (KWh) RO
tar, tea (time/shell) X U, B/Hli% e (yen/kWh) &3 hid, BENHEZCERT 5 EREOZHECon
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(53)~(85) R & (52) ok 3 — ML D ONEKE ¢ DB/IMEE g DBIB gun(g) TRHET
%L (56) RExB,

(g)= V{g)
qmm(g) N hlabor - (’rem- ° tea.r_ Tdarinl * td.rill) *ce— ( bem'_ blal:wn')/2 (56)

%72, qme(g) 2T 27D ABERER D BOREBFY rtaa(g) & (B7) Rk 3,
Phin§) = Gmin(G) * Lear (87)

Quin(g) RV rtuin(g) i3, BEILHED ¢ THLIEMRVEE n; EEATIHBBEATE T BTS2
A PR LS TREZ HEALE R & F N2 3 7 D LB R 1 B OBRBRERE S E%R T 3,
NODHERBEREERPERVBOBEA RN T2 L TR CTHEEREEEZEZONS, XS5IEBOER
FROBFEETUEL THeky 7 VA RE % Q (FERE), FEEHEANICER T & 2 BABHRERE
% Ton, BMVEOEREENE nt(=¢/tw) £ THIE,

ng>Qmm(g)m Tmugn>,rtmm(g) (58)

DIz E& D {g rt} CRD, WRL»ESIE 23,

BT qun(9), Ttoin(g) 2REL, (58) ROEHFCETOTEBIEOKIT 5 Q B Tuu DR
LEESHEOBRIC OV TRET %,

(4) NS A—IDRE

(56) BT AEE ST A —5 DfE% Table 9 2R L7z, RS O#EICIIERTEE ICE T WL
ERBRAL720 £72, tar, Ter & 1995 FEOMEERMNCILIEBEE B TERFRITIC B TER L FESE R
Mz, (ERORRHRBIRERMEELRE L LEETAE ERERT, £, HEEHIBRCHEESES
HEEFELTA Ny P74 v FTEHAIL 72,

6-3. MMt IrSGniRE

(1) HEHEEOBEERE

Fig. 39 i3 (49) ARV (50) RicEm D MOKTEHE L TR 8 4 11 A b HEEOHELNLEE TE
BONTWRHE (j=32%) 2L TIDT, BBHHEE g 0T 5 RENHHER & BRFRREE %
(B1) b o HgRIHERE L L TRELIBERTH 2,

[6-1.(2) XM & BERE ] ToRNI & 5 CEBOBRBEUEOWEITTRETH S, ZITH
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Table9. Parameter value to calculate eq. (56).

Production parameters Parameter Value Unit

Production cost

Unit labor cost Priavor 1.428*! yen/shell
Acquisition cost of the ear-hanging machine P 4,500,000 yen
Unit price of gut fastener biabor 0.2 yen/pe
Unit price of plastic fastener bear 0.25 yen/pe
Unit electric cost e 19.85*2 yen/kWh
The other parameters

Drilling time per a shell tarin 1.27 s/shell
Ear-hanging time per a shell lear 1.54 s/shell
Electric power of the ear-hanging machine Toar 155 x10-¢ kW
Electric power of drilling machine Tarin 20X 10-¢ kW

*! Average unit labor cost in Mori town at Hokkaido (1995).
*2 Unit electric cost for industry in Hokkaido (Oct. 1994~Sep. 1995).

40 - 1 1.2
b Adverse minimum N
Economic useful life

30 H Y/ 109
& g
— 3
2 2
) Average maintenance cost 5
39 20 | o 06 &
= = =
2 £
g " E
S [ =
Lu @n

10 103 O

gmin gmax
0 1 L L L L ! 1 1l OO

10 20 30 40 50 60 70 80 90 100

Annual inferiority gradient
g (thousand yen)

Fig. 39. Calculated results of the adverse minimum and economic useful life of an ear-
hanging machine to annual inferiority gradient (g) by eq. (49), and the average
maintenance cost by eq. (50) under interest rate as 3.29,.

7 0 B OPIRIBARSE S sRICB VT o 5 EH £ TOEBTHE 27 HIIc iR s g, BE%
HE g3 13 FHTHRBL, 2ORFNHBESIL M ECETES 2 LU 5, KHTIHEHEE SN
THILEABILTWEDT, g=126 FHABEZ oW 2BESEEOTRMEC: 5, £/, B@%HHk
B g=T0T FHHBET 2 L3 nil, BENHAERIZ 13EL 22, 20 L SHEARLS 13EHORE
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EF COVFIRBEREIRN 93 TN E RS2, 6 FEH» 5 128128V Tk 66.8 5 MO Tk
BRI T bW 2HE IR 5, 2O INE CRTREFEADLHIP—EirTRsn-Ba L
BThoriew, BEI TR IADPEIRVEINZE L SBESHEIR ¢=70.7T FHc#E T2 2 &
k%, LIch> TIOEIFRENTIIR WY, BHEETEZ ONIBEEMEDFREE %5,

EEOBREL M L b FHUROYENER DT L 2 hicfEuiiibh 2 SR & o a1z
FoTRESNG D, FRU7-BHED S %D FRRE guu % 7.07 TTH, TR o % 1.25 FF L LTLT
DRI EHED %,

(2) BRLRIIOEERMNFEG

Table 9 DAEFE T A —5 DfE% (56) RICHUTEDTREL 7 qunl(g) & BT) KA 6B OB
Tton(g) & TN T4 Fig. 40 & Fig 41 WR LTz, UF, 26 OREFBR L HH OB S HE ORE &R
{91 guin, guu] ZBAL T, BRBIHUE & EERBR CBMBEEE OG> S, BBILORIT % &M
DWTEKRRT %,

EREOBROLEERME Q LHEHNCBW THRETE 2B ABRMEENE Tuw P52 00 £ &,
(58) = & DEAS D & BEMAL DRI 2 BREH 1 D& I

gm;n<g<min{gm, q el @), 7T oi( me)} (59)
EERBMENB, 2720,
Ql g qmin( gma.x) ﬂ Tmaxg ’rtmin( gmax) (60)
0.8 -
0.7 ;r/ 9 min (gmax)
0.6 ¢ o,

qmin(gmin)

Amount of scallop
(million shell)
=)

N

0 10 20 30 40 S0 60 70 80 90 100

Annual inferiority gradient
g (thousand yen)
Fig. 40. The required minimum throughput guin (g) to reduce the production cost in the
case of using ear-hanging machine.

Q. means arbitrary production size. Section pointed by the white arrow shows
the range of ¢ being able to reduce cost.
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Fig. 41. The required minimum operation time 7tmin (g) to reduce the cost.

DR L T Z ORI TREFERICB W TOBBILLL TR T 5, AEBRIZ guin(gou) =
#7163 T D toin(gnea) =271 BEEITH 2 0 5, i 21F 100 LA EOBURE 25D & 5 B EELE
SEEIHA R 300 BEEiBR@I S ¥ 5 Z L 3T E g, BRI X 2 BRESRS S TRETHB LS
25, 2O 2OBBSEEGHIILCED {g/[1.28 FH, 7.01 FH]} 2RI B,

unin Gin) < Q1 < Gl Gimax) U Tsinl @) < Trin < T ) (61)
DGE, BWESHE OHE
Fuin < g=min{g zh(Q1), 7t 2h( Tnax)} < Gonax (62)
BT ST T ITERALIZERIIL 2o BT qun(g), tan(g) FHEFFHEMEKTH 25, 52607
Q g Tuwx 25 (61) ROHFHEHN TR TH 2 1F EBBIE BRI T 2 BEL U EHHBIHRL D 2 L
BB, EHZ
@, = Guin Gunin) U T onin = 1 nin( Gonin) (63)
DHE, BELEEOHE I r2b S TEBILIILTAREKILIC R 2, BEANEME R XEEREN
Griin( Gin) = # 30 TR E & 72 OERFHNAF XS TEZE BRI PNT 7lonin( Groin) = 8 129 B D BB ERBIRF ] 23
R TELWEERFIE, BENRES» SBRILZ2ET TS TREVWI LR S,
(3) #H—RRIF4
[6-3.(2) BALBOIOE BRG] TIXEERE Q & EXEHHMN RO ERE T X 2 RAKRH

Thex 25 212355, BRI O+05&M1 (60) T, 1, FRIZOTDE&MEE (63) RTHMTE
32 EERLT, & TCREGIFHFCHTERESLSEEORENMZ SNS (61) ROryr —RIZo0WT, &
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Va-LVEERL, 1 HOBBERERE M 208085 5,
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MAPI %% iz LEEOSHRER S &, BEUE KRR 2K 2 BRI BT 2 RE0ABbicERS
THEEBIEORE L, REEHENKEL TR D EE 255, MAEKEEBITUHEEY-D D
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HES 2 LTz,

—%, BEAAREEZEE T 201, £tETHVoRS [EEMBEER] sERIRZ N
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%,
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KR TIE, BBEE T A= 2HOTNEHTC MAPL 0S5 280 AN 2 EiC k- C, BEE
MR 2 ORI S ETE 2 2 ENRENI L EL D, ZOHEGH Y BRI RE DT
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