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A Cell Formation Model For Manufacturing System
with Sequence Dependence
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Abstract

This paper considers the cell formation in a manufacturing environment where the setup times
and costs are significantly dependent on the sequence. The trade-off between saving on the setup
costs and additional investment on new machines is considered for determining the economic
number of cells. Accordingly, This paper develops a mixed integer program and mentions a variety
of manufacturing situations where this model can be useful. This paper also includes an illustrative

example.

1. A

f

g AxA g i %%"g""(batch production) Al=go|™[1], tiSeo] 1A "3"‘_‘%”’49—] *ﬂ% =
HA BRAEI 0TH ol e %% BT ol8d £TE FSAMTAE
A8 g2 AF7L olFAZY 2 'E(Cell) AZN2ego] 74 EEAHY Wieg A7
(CMYE AAE 74T fASE REFES Hol && T8I EEL 713%e Aotk A= "]ieé}fl ’S
AE M oz BEZT 7IASS A 284 sot.
BE-71A 42§ FHEA =S
tH2,348111 z2u B JEQATFAAM
HjAIZb vigo] APEAMed SHEH APBAEE

ue

od B oot o

E AR e A AGdFAA A A8 F e e FLHAA ZAE 2o A
74121°ﬂ*1 A FH AT Bl o] Mo FLHA A dHMe #E& A7t ATHO,10,12).
GT(group technology)9] A o2 &35 g Q&AL Ao} MGl 28z £84
= U dAAY AxgedME dTH grie]l. 2ev TTAEANME &M F453Q
o distey ge AFUt o) RAAA &2 Yt

i "H

il

£AEEHA AZBHAN BE REES0 Uy ZolA AT Le BTt 18P0 BT
% Qe Rol aHY o] S FH AT Fulu§e F7HAY Rojoh Wy A REY ueD 47
Age] LA webd OMASUE AAT dols EHulgR e 2en $AbEL B T
2 etolof @},

£ AP NE g4 F4HA FuuEd AR SR 45 LAY 5 Y EF AFAY
2Yg AT o] Yo AT AN F A4S 2 PulelN ANE RES HA T
Ne AR BT




60 % 4%  tFedd 2559 AZA29E AY F94RY

2 A7 WEe te 2ol FAIUL B FANE B AT dgol H& Aol detel ¥
datm g Fa AFel tsted PV 3elAE RYL LR 4BINE AP e A
2¥e 5848 BAY SAYez 5FNE A Bl

2. #AR e

AF g Fo7F AR G2, ojupg LA 487 o & W A8 7kA EAvr gAaR
3 F s AN JIEE BEE AER gulFe] & & UeA HqRojrt o] AS wtEAgate] B
83, BB A e ZlART obYet A AbEile] Qe wet 2 FEL wpE 5 glojok
Li= s

Azt AF met AAHoR wiyojof Fotd AHAYE £ AAME \WEANY R85}
gdasich giFE2e F¢ AGEulAge] 3T Aghel SPHojgtn A A A An 2x
2ok dE B9 UE o] FRE W @& A2HAAE Bx dolo H4E F oo FHeA et 7
Aol gAg AAGA o] 2eAA Bt ol 2 FH ddeA E3] HE & gk

st Aol 2AhL ATHor Fsr] A7 #ye Myl €2tk CM(Cellular manufacturing)
2 Job shop® Flow shopd] FAE A3 AJETuA EAE 4387 9% Hulsja] Alago)
. g2dlME & B0 EAFSAHA AJTuALT vl o] CMof ol%A JtE F=AE HYs)
g gk

2.1 AYEH w g} 52

bgsjokd B¥Eol A B 28] C AZAZ & o FrhAY F9A dol gl & ok R
gute FelM BF /MEHE ASoln, €A A AY ZdA ZZ AFHE Aol F oAe
2 Y| e FdME F Y REE JHEEA g2 M T UvA shie) 2 F F
o 2t el @38 FEES FHAL EE HEE HAE Fe "Hi a3g gk dE9 L 7hast
A &) dsl M ke REL A B, C A& 718(Z, C->A, C->B £+ B->A®AEZ 7132 + @
B0 7HHEE £& FASE 49T oS ¥ 1% 2o

Cha o g z 1 T 2 T3
1 3 A B C
2 2 A B C

3 2 A C B

4 2 A B, C

5 1 A B C

E 1 A MY EF AB CY ET4

A A8 RES 27 B Feloln $AA AR AA AFEGD PR, £AEEA Fuju) g
3 Azbo] g E 29 2om BA



LErsm @ ie o9 2248 0 490 19994 2J] 61

S A B C T, A B C
A 0 8 5 A 0 10 5
B 0 9 B 0 10
C 0 C 0

¥ 2. Fujul& FHAZ

T

A71NH  SyH T, $E go] BE Ho] Y] Zuu§H AHE dehdch o deln ¥
% Bs Ct ARG M9T £ ¢lx, %¥ Ct BEo 4984 o) WEd S,9 T,5 A=A 2
St F lol 712 RE ASol @ FHMLL E 29 HUE o]gael Ay + Aok

2 @olA EE ¥ES) ool we 2 Pol Waw A9 A5t ARAD waAd sAe) 27
Saue Fu¥ g8 nstel vEL FolYl N A AAe) Basith AV REF S 7|l
gotel RED 71Ae AL AABE 2YDL 1A 5ol T E 30 HAIH} glrh

7+ A ZHE 7149 199 71 A5 ¥
o & 3 % =
71 A% A B c 7t & (2/4)
1 8 40 18 15 300
2 17 28 21 10 300
Fa%/d 10 10 10

® 3 1A 894 AR

E 1ol EAE 571 B gl diste] EuHlAIZb Z1A ) AhE] 89 ffol E 40 EAIS ok o7]
AM 71ANTE 71ASER 24 FF] FoFo] UFHEE 7 JHFALE nso Addd o &
€ 29 A HA Z90t Y AAAHY AYS & F o ©F FelMe of EA o FeF =Y
§ AAE.

- AR - :
3% A1 T %32 A7) A& Folujg | FHIE
1 4 3 % 0 90
2 3 3 75 8 83
3 3 3 75 5 80
4 3 3 75 9 84
5 3 3 (5] 17 92
4 2 At A Fus
3. 594 =9
e;zo}ow o&—;wz AR REe) Agol TAY £ Yx AP ATE FEZFY A e 3
b ER A e Fol Brh orlolA 7 o) e thee) BEE Aosw ey 2o
o= 1 *
ot *



62 & 4% 7heeMo FH5HA AxzAade A% TPARY

7 2o Aoe A AFE 2 DA 2AA k WA Fole k AS AE 29 9
A AN 2B Gl '%8}4 wA 0% 4F A A2 PE ¥9E g,
SRS

Ae geHA ¥ Aolwh F AR T g ol g 2o,

(Flow shop) * " (Job shop)
T 1 A *
=+ 2 B = * %
+ 3 C = = A B C

P ATl AE SHFEVAL AW WFR FF I E ol RERD 88T 1o, 2184 @
°® 0% x §B ASWCL A ol FAWY A 7HA] REQ FP o] MER 27 XS HYso} 8
O, 99 HEY Aol 18 AT AelsE Aok ¥ ATM A§E JEEe thed 2o

Nye = 7 cllMY 71A m9) i, ¢c=1,2 ,C, m=1,2 -, M

b= 1 B U2 cdA AR j-1d @FHIL, BF £0] HA T HE 44,
;, 7=1,2 - N ¢=2
0 a9 B¢
tiw 71A me FF i FEAZ
d; ®¥F 19 29A T £

Cn 714 me ©$71209 @7n4
Sa ®F 29 N3F BEF ) Fuu g
T, %% ¢9 713% 2F i £

b ©A7IF 71A me] 7FEAZE

oldel 71538 ol &3t B d7elMe I 2L o 2YE AA g

Min , _ ﬁ; LY
w1 2 F mi"l cﬁ;‘lcmN'“+ ngilgl 2, Sa ¥
s.b.

Xi<1 =1, N oy
c=1 s=1
ﬁ_]lxgsl ¢c=12 N j=1 @
ngf,mS SIX?,- €=23 N j=12 - cl (3)
Y42 X6, + X6—1 i=23 N £=12 - N

(4)



TERsmBlgat & 2248 W 498 19994 24 63

(6]

c=12 -, N
Y420, X§5=01, Ne= 3% ®)

2 omye 2N A & pAueT Fuvgel §e HassE golth A lME 7
Hzo el T AatgitiE RS ek Al 2004 2 Fo R WA HAe) Ao st
Bxol ¥dgdE 4 &S verdu &, of" F /A FRHY FER 2L X0 €92 5 ok Ao
2 g atellA j+1 WA fA= A AR dFE Fo gFE S YEdD &

o B dFeAe B4 AVE Fol7 A8 FAE AAdTuE A
i T2 3gg X3 AANE P& #=ME0] 7}

& MAFLEA ANALTE B4 & ATk

2 ol kR
ol

4. 4% 4

@ eRSAAME GA 7tNe G B ARE HolH Wl etk AEE A A8 ol 8
Al ME 3 FFY 71A7 Hasteh o g EHANE Mol gARAE o 2 <+ g9 4
] 3] i

< NAE AHstn NP BH2 Aee Aol Hasty W dE FELS TTEY HE o
zuj7} Westth Fe AT o 285E X2 &7 Aol B ¥ 59 FoA U
S 22H(1) LE(©) 2.2%|(3) ) 2 (4) B |
EXENGE 0 8 10 10 10
EAR-0) 2 0 4 3 9
2R (3) 5 18 0 8 10
o F (4) 6 17 7 0 8
A 3 (5) 4 12 5 4 0
Ty 2e(1) EE(Q) 2R (3) 2 (4) B |
- O 0 16 17 4 24
EA-0) 20 0 22 3 24
2 A= (3) 17 20 0 3 22
W F (4) 34 % 30 0 32
4 3 (5) 21 17 20 3 0

F 5 &4)u]8(1,0009) 3 Fu]AZHE)

3 71A e Zrtujg 5ol F 6ol EAIEY it ol
S ZAdF Y AR g E£3Y e
e AARsteln ok B Aol Awd 23S LINDOE ol&3lq Eich #le 23 3y &
GHERE, A7 AT 2 5 49 A el 2o LD, AF 194 3¢ A% WA 2
gk 2 2ol de VAL dee ® 7F 2o

a



NA=E 7FEATHE) 7“4]%"%’ 71 A 9] %‘7“3]%
1 2 3 4 5 (F/shift) (1,0009/shift)
m =1 10 2 7 7 5 100 15
m = 2 8 3 9 3 2 100 10
m =3 7 4 6 1 8 100 20
%= 8 /shift 10 20 10 30 20
® 6 JFEAZ, F£8, 71AY 583 Ztu g
o T 1 T 2 - 3
7 E 1 3 2,5 4
71 A
m=1 1 1 4
m = 2 1 1 3
m = 1 1 3

7. HHY T AF, 4 FelAY JANRE

5. d&

B @AFeMiE Fu)AZks v]go] HFEAd 2453 AZBANN F FHEAE OFUT 4
of T4 Evul g3 Qg2 JAY Flol ExEE vE30e HEL FAHSNAUD, FRI¥er 7Y
etk B Aol A Ry ERAHSFA H(mixed integer program)eltl B 2ZHEL 3y =
Fo BEol AY M2 THE B AxFAHo ALl of ¢ olaAel) = YAy,
S 3AL AF JHFEANS A&7 Y 2Yolnh

"ZAnEd

1. Chevalier, P.W., “Group Technology as a CAD/CAM Integrator in Batch Manufacturing”,
International Journal of Operations and Production Management, 4(3), 3-12, 1986.

2. Choobineh, F., “A Framework for the Design of Cellular Manufacturing Systems”, International
Journal of Production Research, 26(7), 1161-1172, 1988.

3. Cuu, C. H, and Pan. P, “The Use of Chatering Techniques in Manufacturing Cellular Formation”,
Proceedings : International Industrial Engineering Conferencd, Orlando, Flirida, pp. 495-500, 1988.

4. Co, H. C.,, and Arrar, A., “Configuring Cellular Manufacturing Systems”, International Journal of
Production Research, 26(9), 1511-1522, 1988.

5. Flynn, B. B, “The Effects of Setup Time on Output Capacity in Cellular Manufacturing”,
International Journal of Production Research, 25(12), 1761-1772, 1987.

6. Foo, F. C., and Wager, J. G., “Set~up Times in Cyclic and Acyclic Group Technology Scheduling
Systems”, International Journal of Production Research, 21(1), 63-73, 1983.

7. Groover, M. P., “Automation, Production Systems and Computer Aided Manufacturing”, New
Jersey : Prentice Hall, 1980.

8. Rajamani, D., Singh, N., and Aneja, Y. P., “Integrated Design of Cellular Manufacturing Systems
in the Presence of Alternate Process Plans”, International Journal of Production Research, 28(8),



TREBB G § 24 H 408 1994 24 65

1541-1554, 1990.
9. Singh, H., and Foster, J. B, “Production Scheduling with Sequence Dependent Setup Costs”, HE
Transactions, March 43-49, 1987.

10. Srikar, B. N,, and Ghosh, S., “A MILP Model for the N-job, M-stage Flow Shop with Sequence
Dependent Set-up Times”, International Journal of Production Research, 24(6), 1459-1474, 1986.
11. Wemmerlov, U, and Hyer, N. L., “Procedures for the Part Family/Machine Group Identification

Problem in Cellular Manufacturing”, Journal of Operations Management, 6(2), 125-147, 1986.
12. Zhou, C., and Egbelu, P. ], “Scheduling in a Manufacturing Shop with Sequence-Dependent
Set-Ups”, Robotics and Computer Integrated Manufacturing, 5(1), 73-81, 1989.



