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Abstract

Cellular manufacturing system (CMS) is an efficient approach for implementing
the principles of Group Technology in a manufacturing environment. In this paper, we
suggest met heuristics solution approach that Genetic Algorithm (GA) to solve this
problem (small, medium and large problems). The objectives of the research are to
minimize total inter-cell movement cost, intra-cell movement cost movement cost,
operating cost, purchasing machinery and, salary cost. Computational results are
presented by solving three problems.
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Ffiunuitgeiulutiagiiu wu dunuiagiu fuyuaudiasnds funuouds duyudiunineins
Hudu feiuisiliepamnssudnlugfesnmaianieimadundsandunumani

msdaigadnsudauuuieagans (cellular manufacturing system; CMS) felddndu
SniEmanisesnianadnisudaiiazdrelfsruunisndniaanudaneuuiniy awnn
uiBsumemandneseaufiunnandud detvsslovives CMS 16y aaraarly
nsfinca (SEt-Up time) anauiiAnduszwinanszuaunisas work-in-process (WIP) amdtusu
yasdudnsrds (inventory cost) annanluniswin (processing time) (Muangwattana, 2000)
andunulunisvuéeyag (material handling cost) ifiuszuunswdauuusiuaan (just-in-
time; JIT) uaznsdnnaniesinsirlddedu (maching utilization) (Kia et al., 2012; Kia
et al., 2014; Muangwattana, 2000)

CMS snannmssauduvesnisnanuuuniuds (job shop) way msudnuuuniweane
msusznav (flow production ling) Fsits 2 wuveiinigndnudasnanmaluladnisiangs
(group technology; GT) (Kia et al,, 2012) GT gnuniaueafsusnlae Mitrofanov (M|trofanov
1966) vvmammiiamamawumwummmuauﬂumaﬂmaﬂaambmanmwammawmﬂ
Tunsldsu (Javaid et aI., 2014) %5 CMS sfulgimunanléfunmsdnmadnisuanlugnamnssy
Tnsmssaunguvonaiesinsudotunuiiienumiioutulifefuitennuazaanlunisudn
wazUszdagunulinndian (Ahkioon et al., 2009) fanwit 1 Fadlqmn CMS Tagiald
useenidu 4 wuu Tdun 1) Yapmnisdmuadniswdn (cell formation problem: CFP) 1dunns
uhtlymivesnisdanguiudauuay Lﬂiamﬂswummmuauﬂuiamanmwaaﬂmumiu
msddunuas (Kia et al., 2014) 2) Yamnisdnnguifanisadn (group layout) iitennsiumu
Tunsindeuiinnelu (intra-cell movement) wazatewen (inter-cell movement) (Bagheri &
Bashiri, 2014) 3) daymnisdnmsnsnnswaa (scheduling problem) iumsdnansislunssien
vostud 1n3esdns iewdnaulunisvhaudugy 4) Jgymmsdnassnineans (resource
allocation) w4 1edesilegunsal Tagiv wiineu wazgunsallumsvuéetag Wud

Y
L=Location Ppalil
M=Machine L1
P=Part y

awi 1 msdnwadnisndanuuisagans

dwsulunudseazynsudledam CMS Tagfiansandami 3 wuudredu loua
Jagmmsdnadnisndn Jemnisdanguisnisudauasdyminisdnassnsnenns lnudnvoue
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w91 (operator assignment) Tnsfindnsmusarauagiiinuglunsieuiome 5 sedu
1duA sedy dann s Ununans geuazgann suddu wagiinueivaniasdesnansenusionan
Tunnsndntudiu Inendnauiiivinsegaagldnalunisndedosnimiinauidfnug i
Hudu faguszasdndnvesnuifeiddoniamiddunuiidiiian (Minimize Z) $1uau 5
Fnguszasd lun dununsindeuiinigluisad duyunsindouiiniousnivad dunulunis
sufiueu (operating cost) suyulunisdeiaiesdns (purchase machine cost) wagsumnulu
msaeweineu (salary cost)
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Frunudwmialaiiiu 14 duvds wazdunueadlunssdedliiiu 2 wadnsuda (nsdi
gnamnssuiinsdmanauinduaution) dudymruianasliiifonufe Sruaududndi
$ruay i 5 Fudau sruawnmadenlunisrdniildiiu 11 naden s1uaudunisms
fnfiuauiliiu 25 Eune Sauetinedesdnsildlunisudadisiuuliiu 4 odin $ausu
wisadnsurazelafildiin 12 n3es Sruauauandlihy 4 au SrusudunialdiAu 39
Fuviis wazdunumadlunaniiliiiu 3 wadnsndn (nsdiigramnssudnnsdandnaudn
nnulunan) wazgavedaymaualugliideude Srnutuduiitsnuu iy § Fudo
Snumadenlunisudaiiliiiuy 16 maden Suiudunemsaiiunuildiu 35 1dunia
Srunuriaaiodnsildlunsndnisiwaulihu 6 o Suuedesdnsudazaiadlidu 17
wded SnnuaunuiTliiu 8 au SurwshumisliiAu 72 fumis wardunueadluniswanil
\Au 5 lwadnsudn (nsdifgnanvnssuiimsdsndnduidiuoumnn) famnsed 1 laednsiamn
TWsunsumeufiamesiitetelunsAnadadsuseniy visual basic for applications (VBA)
wazUszsnanasneasufiumesiidl Intel Core i7 CPU 3.6 GHz and 4 GB of RAM wazdogaves

v
=1

landdynmedneiildlunisideluaillasidusedrmestymanindn famnsnei 2

a15199 1 aualandYamildlunuide

Number ~ Number Number Number Number ~ Number ~ Number Number
Problem X
Sizes of of of of machine of of of of
part route operations types duplicate  workers  locations  cells
small 3 6 12 2 4 2 14 2
medium 5 11 25 4 12 4 39 3
large 8 16 35 6 i} 8 72 5

A15199 2 fedhsedanddamuuiaian

o . Pl P2 P3
Machine information Rl 0 Rl 0 Rl 0
Machine type B O 0 02 o1 02 01 02 0 02 o1 02 0 0
Mzy Mz, 6 1200 41 37 53 40 48 15 20 12 3 43 30
Tt 500 500
May Mz, 3 1,400 38 38 20 50 ki) 54 50 16 15 ki)
Tz 500 500
Dy 100 50 50
Ay 5 10 12
IE, 4 15 18
New machine capacity=700
L=14, C=2, Min cell size 6, Max cell size 10
Workers information P1 p2 P3
R1 R2 R1 R2 R1 R2
0l 0 01 02 01 02 01 02 0L 02 01 02
New worker capacity=500 W1 1 3 1 2 5 4 3 3 5 2 5 5
Salary cost=200 Tut 500 4 3 2 4 5 4 1 3 3 4 3 4
W2 5 4 3 3 3 3 2 1 4 5 3 1
Tz 500 5 4 1 3 3 2 4 1 2 3 2 5
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Tumsmemsiwesves GA lusmmideilldnisenwuunisnaaeswuu full factorial
(Arkat et al., 2012; Paydar & Saidi-Mehrabad, 2013) wilemilaseiidunansznusodineui
Ifuaznistvunseiuvesdadelunisnaaewes GA wansdemsnad 3 PG=sruiuuseannis
(population) shuauseu (generation), Pc=snsinsaduanesiug (Crossover rate), Pm=emsn
nsnanesiug (mutation rate), COP=wiavesnisaduaneitug, MOP=ylnvesnisnaneiug
dnns9it 4 uanansiasz ANOVA vesmsiimes GA anansnsagulddntgmuuinnans
waztlgmwndnldidadeiidmansznuselyniasinsizliden p-value fighnin 0.0
witlyynunelvgwuintadeidsmansenusetmde PG wwsedidr p-value sndr 0.05

A151991 3 seeuvestateildlunisesnwuunITaaed

Factors Levels Factor values .
Low (-1) High (+1)
PG 2 25%100 100%25
%C 2 0.70 090
%M 2 0.05 0.15
cop 2 single-point double-point
MOP 2 one-shift change two-shift change
a1s519ii 4 nasiasied ANOVA wesanasafiwes GA
Small problem Medium problem Large problem
Source DF
F-value p-value F-value p-value F-value p-value
PG 1 337 0.069 262 0.107 1992 0.000
%C 1 107 0.302 0.30 0.586 058 0449
%M 1 0.05 0819 020 0.658 011 0.745
cop 1 001 0.906 0.00 0.996 1 0.281
MOP 1 1.58 0212 1.05 0.306 183 0178
PG*%C 1 0.26 0.614 0.04 0835 0.62 0432
PG*%M 1 1.04 0.310 0.04 0.844 0.39 0531
PG*COP 1 001 0903 0.02 0.899 0.85 0.359
PG*MOP 1 144 0231 033 0.568 013 0.720
%C*Pm 1 202 0.158 0.03 0.854 0.00 0951
%C*COP 1 0.75 0.388 001 0903 354 0.062
9%M*MOP 1 179 0182 250 0.116 2.94 0.088
%M*COP 1 0.04 0.839 013 0.720 365 0.058
9%M*MOP 1 101 0.316 001 0927 0.73 0.394
COP*MOP 1 0.80 0372 262 0.107 1.06 0.306
Error 144
57 159
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nansnaassvasnansznundn (main effect plot) vestgymvurndnainnisld
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NNEENMINAABIEILNTIMIAMIS1Imesves GA Auwanzauvestyniia 3 Jaymld
AIAN5199 O

A5 O Arnsfme sz auveslanddym

Source Small problem Medium problem Large problem
PG 100%25 100%25 100%25
cop One-point One-point Double-point
MOP Two-shift Two-shift One-shift
%C 090 090 090
%M 015 015 015

Weldamisifwesimunrauvssunas Jymudindunsinisnaassiulanddem
9 3 Tavd wavaunsamarduulaesinveswsazdaym dwi1s1ei 6

A15797 6 Arduulnesamvedandtaymilunmiide

Problem  Total costs Intra-cell Inter-cell Operating Salary ~ Machine
sizes (Minimize) movement movement costs costs  purchase
small 44,279 2,230 2,500 2949 8,600 28,000

medium 185,971 13,749 17732 9490 31,000 113400
large 425416 47,178 30,043 20,095 89400 238,700
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q
1%

yuadniifuyulaesainiu 44,2719 Jagmrvuanansdidunulaesauiadu 185971 wax
Joymunalngiidunulaesavinty 425416 annansvaassannsasiusenavesiineud
e dunaldimmeuvesymuuindn nane wazlng sxiivesinavesiinauiivinei sz
Tangtlgmlumadeifldannsosmundeyadosiulfiodasannsonunadlulsunsud
fiandusngeni VBA fldndnundeiy iy Weglddesnslifidnouilndidsiuoss
asﬁmau;Q‘L%mmsaﬁwumﬁwmu%udw Funuadesding Srwuntna Suudunians
dufluany Swaudumis Wvuedlndiaseiule Tngliiiafusinauduly damised 1
981917 ai’ﬂmus?jyudwﬂuaaﬂamwmmLﬁﬂLLazﬂJumﬂmqmmsaﬁmu@lﬁﬁﬂwmné’ﬁu
wndu Wl 4 Fuda viedymuwanatsazvwalnaifu 6 wie 7 Fudwls fazvinli
fnauiildvasdgmitmundudinouiilndifseiu fedsduiuogfuglfidunudmunies
LLasm@lﬁmui%’aﬁﬁwume&J“Luz?ﬂwmzﬁﬁLﬁa%ﬁﬂﬁlﬁﬂmmLLmﬂmaﬁ’uﬂuaaﬁmauﬁ%La]u
mﬂﬁﬂﬂﬁmaﬁﬁmmLLm'az{jmmﬁlﬁﬁwmimaawaﬁnszmums GA
ﬁﬂmamaqwamimaawaﬁﬂ@ymLwiazi‘]mmlumu%é’aﬁ%%uagjﬁ’uﬂﬁwma{laﬁaﬁ
denasiafnausaty drwves GA azdudmisfimesina 5 # wavdruvestamaziduvun
yastgymitgnriinualy 1y $uuvestudau ndesdnsuasniinau uwiddineudildann
nAtvilandudneuiimnzauiigavielndifssiudnouiifiaadeiinig GA iy dau
indevinlaauladesonimiateiliideddouustineg 2 nsdl Ao nadil 1 iislandgmillély

N =

msvaaasliuintu nsdifl 2 aasldisniswmdssafndviindu JedlagUuildnideliAndunas

duaueegiiuaunnuyhmsisuiisuiu GA vesiddeiiiiegamnmuesiney

81



Rajabhat J. Sci. Humanit. Soc. Sci. 18(1): 72-82, 2017

AnAnssuUsENA
YaroUAMANEINAluladgnaInTTI NN INeNduTIuAgiyaaInsy NYleatuayy
Wesmauiatmodmsusunan IAaI A luNyITe Y

LONEI581989

Ahkioon, S., Bulgak, A.A. & Bektas, T.(2009). Cellular manufacturing systems design with routing
flexibility, machine procurement, production planning and dynamic system reconfiguration.
International Journal of Production Research, 47(6), 1573-1600.

Arkat, J., Farahani, M.H. & Ahmadizar, F. (2012). Multi-objective genetic algorithm for cell formation
problem considering cellular layout and operations scheduling. International Journal of
Computer Integrated Manufacturing, 25(7), 625-635.

Bagheri, M. & Bashiri, M. (2014). A new mathematical model towards the integration of cell formation
with operator assignment and inter-cell layout problems in a dynamic environment. Applied
Mathematical Modelling, 38(4), 1237-1254.

Holland, J.H. (1975). Adaptation in Natural and Artificial Systems. Ann Arbon: University of Machigan
Press.

Javaid, W., Tarig, A. & Hussain, I. (2014). A comparison of a standard genetic algorithm with a hybrid
genetic algorithm applied to cell formation problem. Advances in Mechanical Engineering,
64(6), 397-404.

Kia, R., Baboli, A., Javadian, N., Tavakkoli-Moghaddam, R., Kazemi, M. & Khorrami, J. (2012). Solving a
group layout design model of a dynamic cellular manufacturing system with alternative
process routings, lot splitting and flexible reconfiguration by simulated annealing. Computers
& Operations Research, 39(11), 2642-2658.

Kia, R., Khaksar-Haghani, F., Javadian, N. & Tavakkoli-Moghaddam, R. (2014). Solving a multi-floor
layout design model of a dynamic cellular manufacturing system by an efficient genetic
algorithm. Journal of Manufacturing Systems, 33(1), 218-232.

Mitrofanov, S. (1966). The Scientific Principles of Group Technology. New York: Boston.

Muangwattana, A. (2000). Design of Cellular Manufacturing Systems for Dynamic and Uncertain
Production Requirements with Presence of Routing Flexibility. Blackburg: Doctor of
Philosophy, Verginia Polytechnic Institute and State University.

Paydar, M.M. & Saidi-Mehrabad, M. (2013). A hybrid genetic-variable neighborhood search algorithm for
the cell formation problem based on grouping efficacy. Computers & Operations Research, 40(4),
980-990.

82



