Chapter Il
LITERATURE REVIEW

2.1 Layout Problem

The blems of an mdustn% dpcess arrangement |7ave the SI% nificant effects on
eover (rpr duction roduction engrneers avv]a¥ ? m how 10 ¢ rect
ese Kin rp?ls out fhe dev ment ﬁ actory system,
approaches ta |n solving t e% ant layout pro em are s 1o Iow

2.1.1 Traditional Schematic Technlque
f this techni esstt ebook allick and Gaudrau (1951),
Mutﬁ a965% Rp[ m% mmer .[3 and Moare ( %853 ()
roach oft 1S technl Ic II ofml miz the distance material
trave(éd ég)e)tween work cen rsOI \ﬁaslg/%a the (f ram an ?1 é)rOﬁI
harts are devi l?ﬁo \hw d| ensmna emPIates an e
Elm Psmnal sca els, ese \Were eva uate With a view to minimize the materia
andling costs
The development and evaluat he | ily on th
Jucgment, ?ﬁttﬁp lon, an%]exp\erlgnclg % Ré gna %O s were depended primaiy on the
2.1.2 Graphical and Systematic Technique
1 Travel Charting

The (se of travel
i Bl R
aaSt 1 g{ran%a A (f\rgee maier i Tar ing data’in a
concise and raprc/ way. eproce invo ve e o Iovvlng Steps:

ulatio |st ce volume mat an init
arvse 0 jne matrix dete minin [)qhh %e Criteria mO\ye and the ideal

ment ev Lte the Improvement
done 15 Sho JF&% continued until no ?EP her Improvement can be

2. Sequence Analysis

ecq'ﬁl'suebaﬁ%’s O“ﬁ%?o%’é%'yﬁbs AR RS
analySIS are as 1010w,

g%‘le t|on of F fa rta|n|i1 0 the vollfme and seq ch of handling



Al

Collected data co cernmq th seﬂuence of the operation, p foductloH
requirements and. unit oad all” parts. Areas” required” for eac
eoarment or SECUOP Was estimated.
velop a sequential summary giving the work center each part wall go

ext.
S S

This method represents a slight improvement over the traditional approach
and S eior o T fchartlngg P ap

3. Systematic Layout Planning

It was deve|oped b r (1962). This is a method of schematical
zwal m’%sth e aP atm%t P?p rgetvvegn Work centers. %e steps ano cgl%
these methods are as oI OWS;

- Relaﬂv& activities to e ch otﬁer W a method of closeness desired

ting that results Inare at onshi

- Estanlis [e |red area and configuration of each activity

- raP |caIX ate.activities an rang sgace 10 form éi ba3|c Pattern
) | ans as

ternative layouts against objectives and const

eswe% management.
2.1.3 Mathematical Programming Models
Some of the popular algorithms are briefly discussed in the following section:
) CORELAP (Lee & Moore, 1967)
Iuter |zed Rel t|onsh La ut PIannmg CORELAP) constructs a layout
T%l'%a %ceyc at|n closenessr In ort 8F niént
51 e Sl rlceh va UES asmﬁne f %osenesa |on
enaeamenan ame PE

mens aré st f)nte ﬂﬂe%sttf%ﬁ?{d r%, o w@est

2@6% ﬁ elected, wit tleb F rst)(
uates the layout by calculating the fayout score as fo
Layout Score =/ numerical closeness rating * length of shortest path

2. ALDEP (Seehofand Evans, 1%7)

R s
égﬂmﬂ g{(ﬁgﬁ S[E;YS’[ (ﬁ)a en rea G\PVI e fota ? DER
ITTE et

rt| |Ie Cls t rst metan fes ran om
%o%op ical difference the two agont IS that ObFE tnes to g

g
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Pest layout, whereas Al DEP podc mawg layouts, rates each of them and
eaves the evaluation of them tot acility ceSigners.
3. CRAFT (Armour and Buffa, 1963)

omputerized Relative Allacation of Facilities Technique tries
eg ? ou vF\e/ﬁlw ﬁhe mllrﬁ1 mum tran ortatleon cPst aFg ortatio costtg

3 agro uct of fl c{lstanc (mt ﬁrave fportau ne st

W%emltl out is calqulated rﬁt and then C WI| aert

Interc anr% dﬁ ofﬁ artments that have the equal area or a common border In an

effort to reduce t etransportatlon 00St,
4. COFAD (Tomkins and Reed, 1%7)

COFAD IS %me from CRAFT o it allows sm t move costs for a
\{]anert% tenaT andlin qw entatema ve c%suc MQVe Costs,
ayo tena ndlling met cost must etermme or each atematlve
5. COALA (Porth, GM. and Vemadat, F., 1991)

The auth 5 h eveI ed a new manufacturl lavout al orlth

recaed eysugesa ewteeaea ?1
man ufact urm Iant a Irst tae i esion

i ar&ufa N
consisting in g CI It SWI n ec t ocat

Stage I C nce ne WI cmgt €Ce SOﬂ the op OI' U ae

moJ& %d}fégqltﬁgstpgygg%ﬁe% éaslgorlthms ahove, investigators have tried to

- Linear Assignment Prot¥ n] S IS ﬁapaqle of takmg S ver
nter ctions among he ﬁc s a5 well as the relocation costs bu
b % \r/lers]tnftl Al tnat there should not be any interaction amongt e
- Traveling Salesman Problem SP It ca take into con rat| n the
reIocatm[? C0sts ut |t has ellmgtloé\t at t ere shoul onyone

and one quiput to and from ty respective
- @)B tic ASSI ment g]robf can the into acco
eI Qca on oss as |ti-jnteractions amo
|t|es |s una e for the plant [ayout prB em o
o T
non;t)ol mma ounded [0 Pd co | ato in nature, “the
{ [EOVe,

not emse es easily to analytical s ’1 eom Iee
en mehatlon 0 tepefs?l e a53| ent tefacffltl s 10 loca ong

the. exception. of e roble nsjdere
comp p?as W|t E |steno O?? llitie

Ut onaI
are Usua éﬁ notys ehme act way. 0, heur| tic methods are tﬁe onf
p033| utlon techniques.



2.2 Chosen Techniques in Research
2.2.1 Technique of Muther and Apple

The tradm nal schemat q%uq e of utqer and Ie IS chosen in t IS Case,
h% te o meth a out eveo men rthe X|st|n d curgent
[a tuﬁg srese rchg eIec n| orte §|scus% ny
Q re j (i %)ovvm

[£aSon Qf redesign for t eeX|st|n t|st e la outgshox £ adapte
the enwronmev? In orcer tos 'XES 1
1 Study the current condition ofthe factory

environm oreover, the |1 etlme 8H eP rS?J\I[ P r(c))u%jc Iew%ds on the
%n;fus\kfray eHwe [DrOCesS o# %e existing layout eveﬁop ent consists of 4
10 |mP]rove the r<|st| Iaychut efficiency, the objective and S00 PJ
gevelopmet st e r?n? e commit éGom Pﬁe management
rovided. The examé) gs orm 10N Brov romt ement are the
U oot b n e |
itio teare3 rousodaasgul c%
ECK WNethe

erof eo?pro tanésoon
e exist shoul

- N r the layout in
correct rﬂt actual or not, I? It'S not correct, the%?ta sh(Pan

- tLHOeaﬂegw of terf(al and WIP:. Operation Pro gﬁChart OPQ\)n 1S

frooliced to che thez%o op/iate rocess Wlt e) é tug)
ecuHent ﬁ 1S Veriti R ess Chart
15 chart will he understan epro on time, waltl t| e
congltlon Of frans ortatlo ?n o on eﬁe can ident
& ition of flow, to botfleneck or t ecorr Cness ayout
er outthec rent layout: teex mples of data |nt|sgro f

:u_..

1S tne Out. resource In facto SUC machine, station’ ﬂr%e
B l.1 POH capacity, man power and so on. This In ormation Wi
seful for improverment.

2. Analyze the Problem

In this step, the. information collected in last section wall be used to analyze.
The resu\t oanatp 15 ma)%e 4

- the continu |on of nEtenaI flow
- twe omf) ttlenec

the oum ero VA;;round
- the formation of 1l
- B

and o on.

All of results are categarized to conclude which problem should.be the first or
secon(! priority. More etg(i Inthis section Wi Beeﬁscussed In SGCIIOH%E.



3. Propose the correction method

As a reslt ofanal SIS, many cortection methods may be provided such
change 0 H rﬁe(tt O(c 10N Process, ttre equrfrrr]ment chané rP qhe cﬁange 0 tn
trans%ortatron

4. Theory Estimation

Accordrnérn Jo the thethg the _al m of Im rovem nt is s[t(r)ouchXImlz

FOOUICIVI mrnrmr ans (e NEw (ayou ovice the
f] r cost, ¢ nﬁ %OH movﬁ dl stance %ﬂd S0 on.

Ut t
heretlor shou grovrcle the Variety of Improve ave more
choices for any purpose

2.2.2 Flow and Relationship Analysis
Because there is the, prablem in the moving. distance, this method |
Htroduc dp a‘t!ﬁer i %B s mptlr%s method: How analysis, reﬁttfonshrp ar?]Fyg% an
the Integration of bot
2.2.2.1 Flow Analysis
1 Overview of Flow Analysis

‘plsFlon]ggal%ers S tﬂ? [%ortantf ctor with layout develo ment Before

ayouts {0

dence that qur ro uctron roc ss |s correct

ata requir é SPor this anap 5is IS the raﬂspo ar movr
tions nume mrl

or set sare ulfl-

rom-10 ow lagram. In thrs rese

S appropriate vvrt the numboer o?product ean e

utegcl | |ste%88 betvvee
éuct r}cessrﬁt Nﬁ%z
sc 0SeN becaus
srze 0 orders
2. Multi-Product Process Chart

This chart shows the proce of each roduct In etarls and the dens %/of
ra orta lon between stations. N USe f he grgr fo e urcf7 OItor

out, Ihe onc t this method | statro s should be
osect1 %1 v\/?trc ot actrvrtres ave gh densr

3. Total Distance Calculation

ﬁou N the result mM Ccanbethecrrtgrrafor la out neration, rtsr]Oe
enoarg estimation. E éal maving distance 1n p gon S ou|d
H Thbs metnod IS a arto caton LIS cacu ate y multiptying
Istance etvveen stafions with loaa or movrng founds.



2.2.2.2 Relationship Analysis

hzere are 4 steps of this analysis. The example of Relationship chart is shown
inFigure 2-

Figure 2-1: Relationship Chart

1 Specify Activity

Flrtste to Speci 4Bhe neeessa |t| df||I in the ta eIn ractical,

? have over 40 act v1 es ere re over 40 actl tles We
sou miX the activities Ioo I| ethe samevvlth together.
2. Study the factors affecting the relationship

To evalugfe the IeKeI of reIat|onsh|1p effectlvel he f ctors shoehd t?e studle%i
o(rm eFan}n éxre the permanent 0 equmen ecange In the future, the

oraisle

3. Categorize the level of Relationship

The level of relationship used for analysis can be categorized into 6 levels.



e
rmal
: X Oier
These levels are filled inthe chart for each relationship.
4. Reason for the level of Relationship

to no mgthematica or the relationship estimation, the reason
shoa glven fus can proo? (Hwe level for eacﬁr at|on}1

2223 Integration of Analysis
If we use either flow or relationship analysis, we.may get the layout which is not
ﬂ]oe(%ﬂo(?soug .%us, tlwé’\fntegra%on o?gn Pyss can sﬂWs s%emt %nehts roml%o%
1 Level of Relationship between both Analysis
Becal f|ow an?yﬁ me%be more usef than re atlonsm a 5|s |ns

£
OUtS t@ evel of relationship between oh analys rV|
,'-auredz presented by R%uther N used 10 select tx efe el relatlo



According.to fi reﬁ
éls USeq for roduction factory such as the Cﬁr |r]duslry
1S Use orte Eroducm LS such as the plastic’ inaustry
bls Used for t eser\/lc ?P] any"would like to use more paper

15 SLied for the normal 0
2. Analysis Integration

The_level chosen in last step is used in this step to calculate new the priority
level of activities.

2.3 Simulation Tool
231 Overview of Simulation

S|mulat|?n means the tec nlques f% ]u r] comPuters to Imitate, or simulate, the
operations of various kinds ot real-world tacilities or processes.

Dlscrebe event simulation con ers he modelin ofasxstem 2 It has qulved
overt|me epresentajon in the state w)ﬁa les change Instantaneo

Separ. nt5| time. These omts are times B events oceur, EventH ere 1S
de?l nede aB an Instantaneous occﬂrrence t%at may change the state oﬁ‘ He system.
As atechnque s|muIa on is one of most vmde,gt used in oEeratmns res 3arch

emen |cat are rs| lon are .numerous and. div rse
E 15 a list of AEITIC ?r klp probl ems%gr V\ﬁnc s|muliat|on has
ound tohe ause

- | n|n é\nal manufacturin sstems

- Evaltiaty ar re re ents foracomputer system
- termln r| oI|C|es or an nve on

- s| n|n ope transportaﬂon aC |t es such as freeways,

u(\{va or o

uatm BS ns or servlce organizations such as hospitals, post

es o res aUrants,
anC|a OF ECONOMIC Systems

The adﬁnta (j Ofi|mulat|on are to permit S to investigate:
anned real system

stmgn%:te é/g%pgut Interruption of its operation and organization
ﬁ gsg temsmat are ch n ed | |[1 some factors
rrover long period of real time In short simulation time

B
3 ramm%VI
oS P 5 A L v o s
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1 Mgrste a é)rogoram in general purpose computer language sich as FORTRAN,
c UI e and (e alread%svvntten generic model whose parameters can be
egwea%?rgégﬁt e ea?adb il h el in mode_and accompanied
Ian Liage provided by RWSackage Hro einso [els software? etﬁls

The last has the following advantages:

- E%vaerful softvvaretfallored to the rﬁl{ (ﬁ)se of simulation .

[glrﬁln%user t?e Oﬁl}ﬁc%n S@Qperlen ’ a?lo Opr)]r 6?grrr?nnﬁ%ngeﬁort of

e(|
Rﬁod&st he deveI ed more tha in. general se
computer?anguagean If%nore partlc arhw maread;g Itten 8

10 od | is US gvln this thesis for bqulng the model of study hecause it is
available and 0 manya antages as mentione

232 ProModel Software
1 Overview of ProModel
Pquode/ IS a State-of- th -art ma uacturlragfsmulator It |sacomieuter baﬁﬁd
Simu atlon animation- dee In too esigned for engingers agd ma agersa
0 evaluate competing alternatives prlort making Irfportant busingss Gecisions.
ProMoclel. corpbmes the ease ofa dat%edrlveg mulator with the flexibility of
generals:a ation | g caE ISe evan%/ suc
Hstrla glnees E turln INEers, eragons sear ersonng|,
(itlon chedulers, cator anagem lant Layout Personnel,

Consu tants and so on.

0ps echn Jst-In-T cturln
finuouS

low Manu agturlng examp es of Sers ae as
Aeroq él Fé
- E
? , R‘ . XEROX
BERMAID

: te]rsP err er :
gler;rsume% y O
3 @EﬂC&L NN, ToRARE RN

aaa B A B
s Rt e
010

QJ
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2 ProModeI Usage

h of the ease n using Pro odeI om the d

stra yrn he models are. defl eﬁirnt Qel F?Jn g faﬂ

rsd e same Wa rn h a many acturrng ehgnr\eer
atu escr rodu c]tron using the sam

ter og/ esame tr ,onling, ¢ ntext -Sensitive nelp screens provie

use for ata Input

Most erf]prefgr 0 (efing amodel us] Pol\/IoﬂeI Auto trc Model rId
Er hh gur BS YU Step: % rolign each o e nrtron

X
- ahn.ao {5t 2 trt :

rpjor all (}4
loue Teature of ro oclel Insures cata Integrity and Saves va ua
engineering i

deI ma frr be defined or ﬁohrcall vvell To define a]rrodel

ca 3/ agrn bmp acrng tions on ou r%/out SCreen. A ocatron
32 A i s L e e
ﬁ Ir%ra at" (P or may creflteo [ OWN rcgr}usrn t ﬁ dorxe(i hase

g]ra(o edrtor fter [a gout our clcatr 5, e ﬁ R
hesstemrnt Eutrrp]gﬂtodu f [0 o(e LE 'twecanus 8
te mogto uretrou the rest o the Cel uilding”process an
or any Ge nr ons thatm y have heen overlooke
er Qur mo has heen com |eted, we can save it and the op rnas uIatro‘t
rstme rt are]an rsorrnconsrte crdslh dInut%nacoud
not he et cte rIete 0de ern roModel provides erro
me%s ges t at or t out ma have cause the err f
|npu |s errors xec In Imu atr
Oreover, a ata IS v\rrtten to an M urc
rter? Or Saved or ocumep]tatron ur£] ﬁ dS S0 a ovvs ex rence
srmu atlon USers to bypass the mentis eveIop modkls usrngatext rtor
3, ProModel Elements
Inthis section, the necessary elements in this thesis are discussed only.
Routing

The routrn defines the part row rc rncIudrn location and
operation se s oeratr DXtrmes nput- outpu relationships

uc 85 asse yor (lISASsem Fp Itions, Move trHres 5)
rt) fan rote con %{b AN or User-ge ne§
prooabilistically, or etermrnrstrca e atron times and move tim
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Be defined using bult-n stat)ftrcal dEtrrbutrons user-cefined
|str| Utions or functions, user variables, attrioutes or Subroutines,

Part Scheduling

Part Scheduling refers the mecha Ism for introglic an% par%
0 theJ Pro uctro S te rin%tena urchase
&, 0 O|3 du into' the- system sm
che || ﬁhe ulin can(sa ner dgrnl deermmr fica yor
crca e necessary data or sche prts nc Es. Pr}
catron vvher rts enter the S st ?rze al a
mbero |v s and ¢ starting fime ?rt Irst arriva
L% at c% |mporte info ProModel from an external
manu {uring database.

Resources

eiso rees refer to (tems that are .used for roducm arts,
These incluce: routing Iocattons Are machines, tora eareas eues
eiC.) Where parts are”sent Tor the e ecution o so
Hen ral resources (1.e. ogerators too IXEUreS,

eH”n a0, opera vement eour m
ass| ntres an ovmt mes SOUFCES  must
%g crtres aresource IS the maximum num arts
t tcan m e en ent use the. resource at any giv n tl e o
stora uur tion, 1t J5 the maximum nim ? partst at
cans uta eous occu that ocatrt%n For amachining lo

n 9 catlon.or a
neral resource, it |st number of resources available to perform
entical operations.

Parts

Parts O(efer {0 Items, trat ae grocessed Ina B[nduc on S
ncIu raw materials prec parts aSSemplies, r%ads
\gnan m hc% B ac(terte(rs ar‘t:1 CnarnersI uea eers ISang hg]segts Wlth

iy e Rt
agg(r)bnt%s tﬁnt cana%Se ?rcusto zeg

Model Features

or complex routing logic or

simulation features are what qive ProModel . its
elin com g ma utacturin

e
poger g [% Tl necessaryf
prgse”ﬁaée systems LT SUTary Of et e

Part attributes (999 per part type)



ggger d efll User Variables (999)
m Varianles .
Ser

SCrete.an ntmuou Haer tefined distributions (999)
Ined fLnc |ons§

serg Fmeg outm ac cal limi
Eelsr?lo 6§ISIICY;6 rob |0na'3| tr uta)n ponent
ormaI { %et Erlzgn ’

Iform a, (Gamma, elbu
ognorma

Figure 2-3 on the next page represents the model built in ProModel software.

angu a
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ProModel model BASE

*Test model
_ _ _ Output  Next Condi- Move
Part Location..Operation (min) part location tion Qty time (min)
LOAD STORAGE 0 LOAD  INPUT 0 1 2
LOAD INPUT?N .05 PLATE GRINDING 0 10 .05
PLATE GRINDING .8 PLATE OUTPUT%) 0 1 .05
PLATE OUTPUTQ .05 PLATE INSPEC 0 1 3
PLATE INSPECT USE INSP .5 PLATE EXIT 800 1 0
BAD  REJECT 200 0 .05
BAD REJECT  ACCUM 10 BAD INPUTOQ1 0 1 4
BAD  INPUT .05 BAD _ GRINDING 0 10 .05
BAD GRINDING .4 PLATE OUTPUTQ 0 1 .05
PART SCHEDULING .
_ Qty. per No. of Start Arrival _
Part Location arrival arrivals ~ (min) frequency (min)
LOAD  STORAGE 30 1 0 0
CAPACITIES

Resource Qty  Resource Qty  Resource Qty Resource Qty  Resource Qty

GRINDING 2 INPUT 3 INSP 1 INSPECT &3 OUTPUTQ 3
REJECT 20  STORAGE 30

SIMULATION PARAMETERS GRAPHIC OPTIONS

Run  Startup Re (ft Resource Graph Max Max Scr Fig lcon

(hrs) (hrs) e to track  Seed mode row col clr clr file

— - o 0 0 4100 200 D PM.LIB
STATIC SYMBOLS

ID Sym CIr Row Col ID Sym ClIr Row Col ID Sym Clr Row Col

GRINDING 6R ¢ 7 18 INPUT AT 12 18 INSP 8 ¢ 23 21
INSPECT WB ¢ 20 21 OUTPUTQ 2D ¢ 10 21 REJECT WB ¢ 20 17
STORAGE WB ¢ 15 8

DYNAMIC SYMBOLS
ID Sym Clr ID Sym Clr ID Sym Clr

BAD R LOAD .6 PLATE 8

FIGURES AND LABELS
Type Clr Row Col Figure

HORZ 6 13 4 STORAGE

HORZ 6 4 13 GRINDING
HORZ 6 20 24 INSPECT
HORZ 6 20 9 REJECT
END

Figure 2-3: The example of Model built in ProModel
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