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Abstract

This study is concerned with the loading problems in flexible manufacturing
system(FMS). The loading problem in FMS is a complex one, when the number of
machine and job is increased. It may be time-consuming and even impossible to achieve
an optimal solution about this problem mathematically. Thus, a heuristic method is
recommended in order to gain near-optimal solutions in a practically acceptable time.

A new loading algorithm is developed with a multi-criterion objective of considering the
workload unbalance, and maximizing the machine utilization, throughput for critical
resources such as the number of tool slots and the number of working hours in a
scheduling period and so on.

The results of SAS analysis indicated that true average throughput of proposed heuristic
loading statistically exceeds that of Shanker and Srinivasulus loading algorithm at the
significance level of 0.1.
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F2L FAANNY, AAAGY ¥7F Fol FI948 UA dg F F oA dEF 2F A
of Fgsich ey Be AT v Eo] 5] wF FREAS Fol7] YMME Ay
AU L2 9ol i, T &H 3L HAS YNAEY, IHZAY 4 %
2lo)) 2ls)Ajgte] 7}F3hu)

a3y, FMSe &&3 &4& 71&9 Azdd "3 thg 22 olf " of@
Dz 71 Al 79 Eelol oa kg TIPS & F A
NAZ ThE FEo] & FFE AL & F sldh (tool sharing)
)tk el REo] Fald Alad dolA HFE & ot
HZt FFol Yo wet FA2 qFd A AL A 5 A

A4 FMSE Ay 7Hexzroez zn, v FFIFLZ QA4S Woln, AE&FT
7} F32 A" old vl& W& FMSE &7HE ¥F9 FHI FAZ A8 ¥ ol o)
< O% FFY AFL AANT & den, HEIFE AR 4 FEL Y FES
=3y, REL 9 7R FAHE YRR 33, dAH IFAFEE HE F Aok F, 2R FFY
NAE 2L 3L A & F A3, A2 v e FFY VARG ¥ g8 22
ZF59 7148 2§ sidh :

a8D2, B Q3o B2He W FMSAHA 71AE /HEAZAYS, F7F A3 SFAS 2
A BFYARE ndste, dYANNDT AT Husksted 7]A ©] -4 (machine utilization)
S Eole BAd 7IAY E7Y L nsie APEF dnYdF S AA T

agln, AAE Z398% ¢18Ee Shanker®t SrinivasuluZt AAIE P& dnzFH
vt B =8oA AAse nEY ¢354 Hrelx, €93 (dispatching rule)?!
SPT & LPTH3 & AH&3te, 714 o] &&S vt
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2. 7V& 94 1

Liange 71€9 TA4E vl slolA FQITEAG AGA2MAEANE ETFAFAGEYL
2 dZ9th o] A& 7}-FH] & (machining cost), & 4] & (material handling cost), FHI
H] &(setup cost), 7] A5 F 8] &(machine idle cost) S-S & F 5]

Maimon and Gershwine FMSYAAYe] =7 Ao A¥d AdA=2E 7t A2
¢ Ze3itn AZPY. 2y HAZ, o] TR AFL gFEY AF =AM & 2
HYA gdetn RuFoe)

Shanker$ Tzene STHE FFY FTFHI/ FAE ¥ ¥ olyzmh #j$ ¥ random
FMSolA 71Aizte] %8 A4%S #3373, 79S¢ n8sts SH4S 2= 0-1 &
FAYREL AR FFAZEE] £33 4 7)AY A AGE MR 3, w2 o
AAAY Foto 743 BES AR, 7| ARSFEAE HAs A 28y e A
G e 7)1 Ale Rt @33 e AgA e Fo2H giA TS F L3k Fshohol
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A A &3, o] A AW (branch and bound method)& AHE-3ld, EAE sfAsHct 2
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Fo M 7tEsE BE £2 Hussie BN 2E ASAIRDZ O YAA 7|3
71EE R EES AAAGAL

Heinrich K& &JEIEAE & 7|4 95" 71 2 F4FE d422 3 E0-1
APATLAYRY S AA st i3, 2 714 BZ38 A 45}1 8THE 3T %9

ERAQ &g s AW HAEAE AHEste] EAE SHEsHATH]

AAYGEAE F2 598 78 2 22 e oa 2Ae] g Fech £IH Ay
& AAY 4 2E 7 Frhete Al 4B BFE BAI Hol4, FYHoE o
£ Fabtul Be Azl P, AAelE AE A ol BASE F9E wAREE, B
ERAE AP AT el AH9 AE A BAH JEE Mg

@

EEIEE:

31 249 714

O71A 9] &+ AGgL &FA o] ot

OAGE 7FEATH Tt (Automated Guided Vehicle)e] o] F A7 & ng Fo
o} .

@7 APL stelde FFE LAR 3, B3 Z2 IFFI AR dE BEA ALE F
1=N

@71A, F7 £ +FA 3FL 1A FE

B 71Ale 2o F79 FHYE oot e ngté} T UE ‘%‘%ﬂﬁl(gemeral purpose
machine) ] t}.

®=F A& (tool magazine)olX Al £F = 43A U

32 715A Y

3.2.1 HAH(subscript)

i AF (1 <i<1)
k:FZ (1 <k<y)
jr7IA (L <3 7))

3.2.2 ") 7) ¥ <= (parameter)

yi © Z4i 789 +

ai - &9 i w2 7](batch size)

BGk) @ &dig] ¥Rk F9E + de AY JE

H: 4AAY 713

JS 24 A& Job Set)

U: 895x ¢ 23 (Unassigned set)

A 3" 33 % (Assigned set)

Ri : 714 joll Fotdle 7HEAIZE

Si 714 joll golle T+ £&9 #

tewg ¢ BGiel FTAKI AN He = e I &Y F
FTj: 71A joll €39 2AHZZ 82 dte 7tEAL

oty : LARZANAN Adio] FAKI 1A BRE 3= 7FFAZL
atig © WA FRZNA FAdie) FAk7E 71AjANA BR2 & JHF
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Py © Adiel 34kt 71AIA 2o 2 dte 7FEAT
RTy : Folde 71419 7H8A0 dolds 1A ZF29 713 A g diAl 2= 7
AlZke] H] & (Ratio Time)olth. &, RTuy 2olslE 71419 7HEAITHR) / Foldle 1A
29 FFANHEFTHY A2 T8 RTige Aol dFd 71AdA Fa8d u, A2 B
& HaFgsAAM FAC AAFE Hog wA & F UAEE e JoF RTy/t 7H¢ &
%kg_ Aeste] e 71Ad S gFs. :

cuiAE AR Al2" 7 ¥ (System Unbalance)"i 011‘”31 2Re 7t 7149 @
P°‘t 7HEAIZFE Zero2 WEE Aot AW, @M oz EI/MEs] Wi dHA &
E Z 1A% e ZgAEARY F8S BEo ofe HeA, Rzt +Y wE AMEEXA ¢
F2 NS YeE, Ri7E -9 dE sFEAZe] 23 E AIe W,

J
SU =) IR
j=!

ox of

f'

3

323 8o 449 .
@A (Throughput) @ 83 € Aol A 9] s X (Batch)Z719 &-& "}E} Li=
Q@uAA=Z : e AYdele o= FAH UL F gen, o] i o=

74 170 gtoll g1 WE oju @
QUAAZ : oW & FAANAN FAHAZI 17 o)4Y o dAABZE 7HH T o

3.2.4 A A M (decision variable)
[ ADiCE AEE B
T olo 2%A 2L A
- 1&g io T4 kb 71A jol i A E 3%
"7 o2z e A

33 Fe8 mw’ |
274 (Objective) : A 2% BFHL ReAseA, SAlo AuFo] Aoz WAAA s 4
ol

A 2k A (Subject to) . i

() 37 AZE &F(tool magazine capacity) : 24 7141} AL4EFL T+ AT 37
FE5EE 294 F o '

(2) 71A &% (Machine capacity) : 71 Al 7}8AI% &3 AgE ofn &

(3) A &% Al g (Unique job routing) : AR Z YAA =2 THL
Yk ggs|ojof ghrt, A

(4) &g &% A3t (Nonsplitting of the job) : Z} ZolA & <8 &
o2, AP BE FAHL 4 A & @ ojof gt

(5) 2% A 3H(Integrality of decision variables) : B4 Z7A 2 o]t}

o},
g e 7A@

o2l

o] Yow oty

Xi =0 or 1
Xig =0 or 1

«ZADED B1E B2
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4. 7Y &3 (Loading)

PG EA e A I Gob poo)ZFE AP REAGES Az, slA F4& Wl
A sk Aoth

FMS9 #EEld S 93 Shanker®t Tzenol 23] AAH A FE539 £3 A1)
A 71He 7 7]74]°ﬂ it AFARE FaAeez wEsty 73 & 7EALE R E &
dE WA T BFo] E 7A &Fst 2 71Ae ETEE HAgse 7Yoo 9]
. ©loll ©]8l, Shanker® Srinivasulue] 7A&& 2AA 71> Shanker$}Tzenol 2l&) 7iZ€
HAH 7 vy, EHo) AdFE TFEA FPSEA AAFe mEde A, 74
1Al tigk 7EEAIZEE WEAE il LExEeR gt 4R ze JEAEE 7HA
= AgE HA wiAsE el thE 8]

At B =EodA AAste 4438 7192 Shanker$} Srinivasuludl 489 22z 2
Ak, Zh 1A ds) 2AAZE 7R A oA A2E R #Ad e ?—’?—5}&1 A B2

7} 9

N]O mlo

g 2 AYe Foks 1AY A ol A B2 AR DG, A=
9 B9 28 R 40BE AU G BH VES AL TIL A AUsS 49
gge =S o
E, o710 AASE wAH Jdel o Agude JAAE AgAzAt, B AR
A

LAY % A AYF2E n sy, AT AAFS HAUFstd T A0 EESE Eol
E FAld 71AZ e BT e e AJEY dnFeld. <a¥ 1>& AAE APET
g Fe FMEE YEdT. '

41 AN E AFEFe] TAH 7Y
oA 1

Zy 71A & FFEAITHRY), 3T AT F(S) B IRAFZ U AFAET)S A
Absta, 2 #A]de] FUFE A dis] LEAELR A JEFE SAdE YEdtd, Ade
) 2 gkt
2A 2
A A2E 71 B3Py = otw)ol® @A 2. 12 71n, A A2 & 7Fa ZY Py = atug)

2. 28 v} aEla, el wiRE wrkx @A 2. 13 @42 28 e

EEATZRAE UHIEAE At Wk, 5F0] ved, AYPiE AAsz,
a3 god, Jliel FAHKE 714 jol wiASE, Ry (Rj = Ry - otiy), S5 (S5 = S -
teii), FT; (FTy = FTj - ot), A, U, SUE 7§34t}

9A 2. 2

WA RAAZE 71 FAE 94 20 19 HHE AHEsid wiAStn, diA HA2E
IR AL ZAdis) BE FAHe] wiAE d7Al RTig (Ratio Time)dtel 718 & 3k
o] Yo 71Ald &3t a2l3, Ry Ry = Ry - atw), S5 (S5 = S5 - tewy), A, U
SUE 784l
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@A 3
A 2004 2Pl thd FAo] wiASEA &3 Follow, 1 FEE AAs L, 1 FAY 9
g9 Hol 73 #UMR;, S;, FTy, A, U, SU)E 22 T3, 282 GoH, FAHS wiA g
@A 4 '
ghok A 3o A Ala® B7¥ o]l Fop Ayt AW, AHE AN TG A
gL AAs, o YL Adsr) A9 FO=Z R, S, FTy, A, U, SUE 7Balgch
@A 5 ' :
Wgd A4l ]"1 wpx e 4gle AAST, B td AAATY AAS U Yol A
2 AAdREe ¢ AM2d BFEE nelstt} (Pairwise Interchange)
24 6
GA 4, 50l Az2dEFEHol A4 AY AYS FHHRZ M3, AaEs FI

Z} > A ol oA )
FH8 X 2k, R 2] o}
oY Fgo Wt
ANz} 2= a4

=2g &3

v

Pairwise
interchange

v

71 =
=BT e
g e A

<adg 1> APAEF dxdFY A=

r>' l)
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FAAAA 2] FH3RDL <O 2>¢ o] 1719 L/U Station® 4% Wdoz Y
‘tv:‘ ¢ AGV(Automated Guided Vehicle) 2 4t} 2] MC(Machining Center)2 ©]F9]
loop type)FMSe]th.

Z} NNAE FF AZEY &% Ao AZY F e TFFIT AdHAJUL o] ofAloA
E 3T AR £FL 5EEGot)o)s, 7 FAHL e FFE HWRE g 7 s A e
A&10 FEAZA dod, 9&F3 AFA(oading/Unloading Station)E 3 5912 &Y=
2 EyFHoln, dd(random)FA & 71AZ RuAT}

o
o
gi’\l.

MCl1 MC2
AGV L1 1 1
LU “ >
Station
- >
T [T [AGY
MC3 MC4
<a9 2> AN 2" md

i X (batch)®] Z7)& AFEE UGISE AHE3tT, 389 $& U1olx, Z+ FA g
7HF AL UBR, 302)& wach A2 Uede @9 72 (dispatching rule)° SPT 2 9]
U AXE @2FHe) & 7tEE B3 BE JFELS Euid AYEL 23 AYAE E9)
st gtk A 71732 8AZH4R0R) 0.2 Fhet,

ANE FFdad ¢18 S Shanker & srinivasuluz} -4 FMSH AHL3 do]E| & AL&3}
A <FE 1> A HA AAFE7)(first production cycle)E¢te] FYEES HoFE)
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<¥E 1> ®4 == (first production cycle)

2 WA 271 3F | ZHEAR | €F F | FAAE | 714
1 3 1 18 1 1 3
2 9 1 25 1 1 1

2 4
2 24 1 1 4
3 22 1 1 2 .
3 13 1 26 2 1 4
: 2 1
2 11 3 1 3
4 6 1 14 1 1 3
. 2 19 1 1 4
5 9 1 22 2 1 2
2 3
2 25 1 1 2
6 10 1 16 1 1 4
2 7 1 1 4
2 2
3 3
3 21 1 1 2
2 1
7 12 1 19 1 1 3
2 2
3 4
2 13 1 1 2
2 3
3 1
3 23 3 1 4
8 13 1 25 1 1 1
2 2
3 3
2 7 1 1 2
2 1
3 24 3 1 1

PEE
1Qeg dnFL AWs7) A8 Delphi 20& ol 43t} T2aqY s} x, £F 714 o
& & (Machine utilization)& 73t71 #18] SIMAN I € °]&3t1th

<29 3> AdelHE 44 YAL & At HVE veiEth o EolAr 3 WA
#7190 AYREE o183 YT A% % e,
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<29 3> Delphi¥ ©] &% A3 dgstd

<E 2>F ZE AAFE7)(production cycle) $9+¢ Shanker and Srinivasulu®] ¢xnaE&E=
ANE GdueZY AIE BRAFET) o] FoA, HF MWAEL Shanker and Srinivasulud] ¢
nY SR £ A3E Yehih o] A3E 9T AAEE JdiEstn, $Ad 714
o] BETEE neste APET A dXse gholdth

<E 2> RE AAF7l(production cycle)F¢te] A dd dngZ v

— S
Shitt Shanker :_;;‘d-,_ ;rglvasulu‘J ANE dag=
Number ugg :f:rrlré o | Throughput uigzlt:nncl: o | Throughput
1 253 39 122 42
2 388 51 308 73
3 288 63 413 79
4 819 51 819 51
5 467 62 516 - 51
6 - 548 51 436 73
7 189 5 396 63
8 459 36 318 48
9 462 79 492 88
10 518 44 541 55
H 439.1 53 436.1 62.3

71E9 AQET ¢ndEFH AANE AAET dugFe Aol A FAH 24L& 3
A, 53 2o
AFPEHo) 1l - w2 20
HE7FdH) ¢ gl - 2 <0
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AZNAM,  pr: 71EY FAJET GnFol AT HFYLF = 5370
AANE AFET e Fol o FFYAF = 62370
FelTE 104011*1 AF7HdHoL 7148, &, FAFE 10%0M AAD dagFol 71&
o ¢uYFERY FFivtn & F Ao

<E 3>e AgePol o8 Hed FYL WolH2 stof, SIMAN IE o] &% =l AYol
& 714 ol &EEL muEdPY AANE GnYIEE 97U SPTHAF LPTHAL ALg
& 2o 443 Z3 Shanker and Srinivasulu$ "é’"’?ﬂzit} 714 o] &Eo] gAY ZAIFJE
HoFE}

<E 3> 29 4¥(simulation)o] 3% 7]A ©]& & (machine utilization)

ntslr}rlllgtéa . Shanker %Er}l%— %r%rinvasulu-‘i] ANE dunE=

~ SPT LPT SPT LPT

1 0.723 0.673 0.782 0.664

2 0.588 0543 0.893 0.902
3 0.745 0.642 0.793 0.915
4 0.853 0.762 0.940 0.679
5 0.748 0.732 0.739 0.727
6 0.711 0.648 0.930 0.851
7 0.758 0.883 0.842 0.842
8 0.693 0692 0.765 0.608
9 0.691 0.694 0.912 0.941
10 0.832 0.761 0.810 0.826
iy 0.734 0.703 0.840 0.796

6. 2&

2 =%oA e H&(random) FMSOA 71A1E 718 AZA Y, 7 AL &F4F €L o

A AQAZE 1y, dHPADT AAFE AFsie VAo &ES Eolv Al AT
o] 278e nste FY &P (Loading)ol WE BAH 71 g AN Hch

7189 dFEol UA APRRE 1 IA Yol Al BAE Hadzm, AAE AgED
& 312]F 3 Shanker$} Srinivasuluz} AAIS Ao GdudFLS vy, B =FdA AA
3t duElFel ¥ £ AHE Yo, 9 EQA SPTHA T LPTHA S AH&31d, 7]
A o] & &(machine utilization)& ¥l ¥ ZA3} Shanker$} SrinivasuluZb AAIF ZAFEF <o
AFRTG FL 74 o]8ES B FJ

F3 dF FAZE 1009 FAEES o] &3 #AE Edod, o B dolHE o] &3}
AANE HAF 719y FaF AFol dojof HAZ, 7€ &F FHo| old A2 &7 7
1& A 714 ol & &l UIF vLE dtoFArLt
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