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Abstract

In optimizing the layout design of a multi-product assembly environment, the analysis of
the material flow is a vital ingredient. In flexible assembly systems, assembly time is
usually very short, thus the transfer time is relatively more important. Therefore operations
sequence must be so determined, that have no backtracking operations as possible as. It
is is important to form cells, so that they have no intercell movement in cuwmring much
processing delay, and to arrange machines as possible as densly.

This study presents a independent cell formation method considering operation sequences
and machine capacity in flexible assembly systems.
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AzA 294489 WX (layout)e AEHOE FEAYLY wlX|(job shop layout), &F A4t

% W] X (flow shop layout), A E WX (fixed layout) = EFH}t, 2y Az Jgez
A 1% BlaxEa A (Group Technology: ©18 GTz Adhe &2dL 7€ wA £Fd GT
W)X (GT layout) & A% #)X(cellular layout)zt= &hlel A= wjx] §¥-& Fr7HAZ.
A8 A=z ANA¥(Cellular Manufacturing System: CMS)®] AAe] e 4 FA(cell
formation)o]t}. Yutxoz A YAo|F RFESL olF HELE Fol7] o, J|A 4
(machine cel)5€ A&y RE F(part family)ES TFAS ZF oA 54 HEFET]
QAT E 74 ASd HEF FEL ¥ Aol Y A A (production
planning), 33 # ¥ (process planning), AA#e Al2¥(material handling system), 223
W) X (layout) 22 4 A o]9de] e A7 44 SHEE 49 A A2 7€ 9
aE FHolA ok §rH1,2].
AEAHQA =Y o] AAAoE tFAYLd HFEAHE AZe dFT F2E FHEALW
2 §A(flexible)dtAE gt} GTe AHL 49 AR Al2¥(Flexible Manufacturing System:
FMS)ol &A1 AHFMSA vehd a43 T84 dats 43 4 7dol fd =
Y A2 (Flexible Assembly System: FAS)?] AAdE &&= oA o},
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2y gyt Az 29 JAUe Ao wFo] A PFMS(cellular FMS)9t A §TFAS(cellular
FAS)ZHel 4 34 2 wixe] =gdv FYsA fh FASAAE 2§ E4d waA ¥E A
g7t 7t5dd. &, 8% ZYEE(subassemblies)o] FAlol HEd F A F Y dA=
ZAAMA AF 2YPL & £ dd. 23 FMSHAMY 2 A AR 2E & 29 (order
of minutes) A%t FASo|A 9] Al AIte BE & @9l (order of seconds)® j-¢ & vH10].
ZY A2gdMs AR BF NS Fole AY €4 24F 2 A £AMd w2E 714 H)
| (machine layout)7} ©-% F83lct, A% FASHAAGdAME 714 & F(machine capacity)ol vk
714l ¥]-§-(machine cost)®} Z& A4t 89159 ue} 3, WA 83} 2L Y A2
A Bg 08 SHES n8istd 4% Ax A2¥ dAge Ads |8 g7rF gasit
Ay wjx)e] A £F I3 74 4% FA48= A 4 @A 4 Y A5 g
< AAs = 4 WA (cell layout) SAZF itk 7129 Ag YR ESY GT d7e @43 4 3
Aol B ASoln =Y Al2€ 7A wjxo] #3F AFEL URE ©d < Fq BT
Agol,

£ A7 E 4% FASS AAd oA A4FT A A, A4, 714 vE, A &%
€ n3EA 4 43 FAld A WA} o] R ¢AA dyPe AT

2. FASOA9 4 F4a wjxe] §F 2A

gAF 8d 2§ dddME Figls 2L 714 58 s ¢y [20]

Bypassing

In-Sequence

— 1 T 2 3 4 —

Backtracking

Fig.1. Three different flow movement within a multi-product flow line
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FASe] dAdAE dut Az FFdqxrd A 5§ °olF Azde ¥F& o 51 4.
aez 4% FASE T7%387] 98 4 34 Aede 2AY £Ad A® 4 g Al
nde ol a3t watq AP ¢AE nHNE 4 A X FF 97 =¥ 4
B RS AN € 7 A 2P 23 4% wEA Az olFe] HilF ¥ F 3,
E7EA A3 o]E L #Hok s AYE olF Addd AT olF HlE &9 ¥ Fo
g Ad 2 A2F FA9 EF4e] 4 AYAH e & wiASHE o] F
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Fig.2. (a) single flow line
(b) network flow line
(c) double-row network line

Ao 4 P PHEC FY diFEY ATEL 2 Fol €9HE 4 U9 JARELe 2
HE5& &A% AY ster 22 FEE 7S Az gy sMgEa Utk asezg 7
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FE3TIR 3a ey )AL HAe JA di5E FASEA old BEE BL AT ofF
€ ol Aol FASHA 87Ee 4 FAL 714 Hl&e] 433 =4 4= & F
A Ao AT M &FE A uBE A3k olFo] ¢ AJIEE A Y& F=
ol ¥ 2Y A2”dXE B2 FEF v 29 @ 29 AL FoiFez I3 o
1 FHgo] gAFet, aEz 4 A Ad Hd &A% A e ¥FE ¥ F= 2d
o] #83jr}

3. 71AEFHR AYeAE nHde UL F4 Al ¢ 24 I

31 gugE

C .4
P :¥E&s
M : Z1AF

Ni : HFig Ao &G4, =1,

Nmax : Nmax = max Ni

Qi : FF io AYF

SQv A volAe REEL F A4 +F
OPjj : 2% il j¥# &g

Cvk : A volXe kA 71419 A ¢4
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MCk : 714 ke 4§ ($/month)

CMCv : A volAe] 714 "8, v=l,..c (P

TRAv : 4 vollAe] BEE9 F o]F ulE ($/unit)
TCv : A vol % u]& ($)

Tj : 714 jolA A5 7147A 9] olF A

Lk : 714 k<] iz 4

Fk : 714 koM o] REES] 713 3 €9

N :Hlz] g4l Jo 34

B2 0 c=p (£7]d] RF 4 5] 4L FAHGA g o] & FFo] WA= FE JNAES
g3¢) Evk = CRik i=l,..c. k=1,.,n. v=1,...c. & Ae] BF o]F 4§ TRAvE At

Nv Nv
TRAV <! alT\TJ +b ({71 - e

z} 49 714 ®-& CMCvE Ad¥.

CMCy - ; |' C/?vk]n Ck

Z+ Ao Fulg TCvE 73
TCv = TRAv + CMCv

@A 1 A5 2 8 (wel datel 4 vwdl EESe 4 ) AAS kA ste BE
+AF 3. V=1,..c w=v+l .. c

> DikSQi

!
Fk= 2.8Q/ ilv,w) klv,w)
Fko ¢ A€oz FE d& 9 & A9 ¢4 HkE 781 Zk 714k 9 #d

i
k= | N Lmax = maxLk

2 &,
Tj =Lk+1-Lkj

G Tj< 0ol T=T-BT *«Tx*xb (backtracking)
=0od T=T+a (level move)
=10 T=T+b (B2 & level2 ©]F)
>1od T=T+SC*Tj+*b (bypassing)

_ > Tk
a2E2 4 Y F o]F ul8 TRAvw = 7 k=1,...J

A U %74 ue CMCw = CMOWw + (Evk + Ewk|) MCk

TCvw = TRAvw+CMCvw
A vet wrt B3RS v gAY
CSww =TCv +TCw ~TCvw
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oA 20 RE 4de # (vyw)ol gF CSvwsE 7o /1% & CSvw e 71AE 49 % x,
yE & F
CSxy = mwz;x CSvw
7 CSxy0 ol¥d @4 3= 7t
A vow 7} B A& oo wjLH3}

CSvw = TCv + TCw - TCvw

BEE 49 % (vwwd dH¥ CSvwE Fdo JF & CSvwiaE 7HA
€ 49 4 x, y& = &,
CSxy = Max CSvw

9 CSxy 0019, @4 3= .
4 xs y& A¥sn

C=C-1 V=12 %4,
C=10l9 ¥4 32 7tz 234 ¢oud BAlE ¢5¥d.

2243 9 €8
AR Aol 71AES A Aol we MEdd,
32 F3A A4 —

FolAE ARE GEF 2T

machine

Part OP 1 2 3 4 5 Qi
1 1-2-3 Nl =3 1 2 3 ‘ 100
2 2-3 N2 = 2 1 2 100
3 1-3 N3 =2 1 2 50
4 1-2-3-4 N4=3 1 2 3 4 200
5 2-1-5 N5 =3 2 1 3 300
6 4-5 N6 = 2 1 2 150
7 5-4 N7 =2 2 1 100
8 5-4 N8 = 2 2 1 150
=8 OPjj Nmax Cvk n=95
N=2 1 2 3 4 5
Cter intercell cost 10 $/unit 1 03 04 13
Ctra intracell move 10 $/unit 2 02 03

a=1 3 0.2 04

b=1 4 01 02 03 01

5 21 03 0.1
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6 08 03

7 01 03

8 02 13
CRik

40 10 30 12 10
machine cost MC(k)

cell 1 2 3 4 5 1 3 4 5
1 1 1 2 2 2 1 1 2

2 1 2 1 2 2 1 1

3 1 2 1 2 2 1

4 1 1 2 2 3 1 1 2 2

5 1 1 2 2 2 1 1 2
6 2 2 2 1 1 1 1
7 2 2 2 1 1 1 1
8 2 2 2 1 1 1 1

Dvk (N=2) Cvk (N=2)

cell 1 2 3 4 5

1 03 04 13 Nv = Nv~

2 02 03 SQv =Qv

3 0.2 0.4

4 01 02 03 10

5 21 03 0.1

6 08 03

7 01 03

8 02 13

Evk

@A 0
C=P=8

2t de| Fnleg ALY,

2} Me) intramove cost

TRA1 = “{%J”U%l"’)lm = [ 1+@-1)] 100 = 200$

TRA2 = 1008 TRA3 = 503 TRA4 = 600$ TRAS5 = 600$ TRA6 = 150$
TRA7 = 100$ TRAS8 = 150%

Z} 4 °] machine cost
cMcl = |CATT]+[Cm2]+[Cm3]+0-[CR14]+0-[CAI5]

- [0.3]-40+[0.4]-10+[1.3]-2:30 _ 4,
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CMC2 = 40 CMC3 =70 CMC4 = 92 CMC5 = 140 CMC6 = 22
CMC7 = 22 CMC8 =32

Z+ Ale] total cost
TC1 = TRA1 + CMC1 = 200 + 110 = 310$
TC2 = 140 TC3 =120 TC4 =692 TC5 = 740 TC6 = 172
TC7 = 122 TC8 = 182

@41 459 4 & (vw)dl gt v&d3E A¥UY. v=1, .. ,c w= v+, ., ¢
41,29 % 12 diA 4 1, 2 9 FFEY JAE FdAe 5T €
& T8
F1 = D11 SQ1 + D21 SQ2 =15
F2 =1
F3=15

agd 7 7149 e

Hl =2, H2 =], H3=3, Hmin = H2 =1, Hmax = H3 = 3
Zt 1A WA AY F=
L1=1, L2=1, L3=2 Lmin = 1, Lmax =2

FE 19 o) ulg2 RF19 Fg 47} 1-2-3, #F29 #] €471 2-3 olE g,
FE 14 didtd]

Ll=Lmin=1 0

L2 - L1 =1-1=0 aQl = 100

L3- L2 = 2-1 =1 bQ1=100

L3=Lmax =2 0

ayopg BE1e olF vl8& T1 = 100+100 = 200
2F29 djstd

L2=Lmin 0

L3 - L2=a-1 100

L3=Lmax=a 0

asleg 5% 4 (1,2)9 ol%F Hl-& TRA(1,2)= 300

AACMC2) = |EV1+E21]-MCI +[E12 + £32]- MC2 + [ E13 + £23]- MC3

= 40+10+60=110
TC(1,2) = TRA(1,2) + CMC(1,2) = 300+110 =410

% Aol H-eHEFL

CS(1,2) = TC1 + TC2 - TC(1,2) = 310 + 140 - 410 = 450 - 410 = 408
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B2E Ao 4 (v,w) ol i u]-2Ag CSvywE & tabled g3 2t

1t [ 2 [ 3 17 4 [ 5 1T & [T 1 T 8

1 40 70 80 50 -4500 -1000 3000
2 30 40 -2990 -4500 -1000 -1500
3 70 -2960 -4500 -1000 -1500
4 50 -4500 -1000 -3000
5 -7490 -3990 4490
6 -1478 -1478
7 22

a4 2

413} 48 AR

X =1Y=4

WAL 942 & CSvw 0 U 74 A4 9@

@A 4 43 g8 Hol 4 I3} WA 2

2\A

=
o

OO [~J| OV || WD | m=-

44 &

B9 dEY 55 MAE /M & FAEY &4 B 7AEE Widdo olF ALE
Zolgle =¥ A2dd AFsdn unFHAE A FRol: Y £ARY WA ¢4 7
9 AMEStE 29 AFES 54, A 3D, Am, Az dvist A 5o A2F] F¥e] o
2 g uze & HAd wdg 4 Ak Y Al2de] SN w4 Y 6H,
A oA ZY €A, 1A §FE LH3te 4 ojFE 2YsA g ¢ 5HA 13
o ¥R &9 E4d JEYI 5854 HFE FE ol FRIT. & dFE % 2L
85 25 nejdte] 4% =Y Al2gl9 A olxe] 4 A vz Wg wa
p: 4o

2 3F d7gAzE 748 94 5449 3F94 6 weARE F757] A 4
Zt olEE& 2= Reln.
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