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OZET

GRUP TEKNOLOJISI IMALAT SISTEMLERI TASARIMI iCIN
BiR METODOLOJi VE BU METODOLOJININ ENDUSTRI’ DE
UYGULANMASI

Avrupa toplulugu ile giimriik birligine girmeyi planlayan Tirkiye’nin dis pazarlardaki
rekabet giciinii arttirabilmesi, ilkemizdeki endiistriyel kuruluglarn istenilen performansi
yakalayabilmesi igin Grup Teknolojisine dayal1 “Hiicresel Uretim” felsefesine uygun sekilde
sistemlerini yeniden diizenleyerek diinya pazarlarindaki yerlerini almak zorundadirlar. Ancak
hiicresel iiretimin bagansi, mevcut sistemi basitlestirebilme diizeyine, yani tasarimin
etkinligine ve degisime inanmaya baghdir. Boyle bir projenin hazirlanmasi bir ekip
calismasmi gerektirir ve zaman alir. Hiicresel imalat sistemleri gelecegin endiistri kuruluglan
i¢in yapilmig 6nemli bir stratejidir.

Bu galigma geleneksel iretim sistemleriyle galigan sistemlerin Hiicresel imalata
doniigiimii sirasinda yapilmasi gereken hazirhiklarin bilimsel tabana oturtulmasi amaciyla
gergeklestirilmistir.  Imalat sistemi icinde basit ve etkin bir malzeme akisi kurulmaya
caligilmugtir. Bu hazirlik, tezde d6rt agamali bir metodoloji halinde sergilenmektedir:

Bilindigi iizere, giiniimiizde imalat sektériindeki gelismelere paralel olarak yaygin bir
sekilde, CNC tezgahlar kullanilmaya baglanmigtir. Bunun getirdigi rotalama esnekliginden,
imalat sistemlerinin tasarnminda yararlanmak gerekmektedir. Bunun igin dnerilen
metodolojinin birinci agsamasmda, minimum maliyet esasma goére, bir matematiksel model
yardimiyla iiriin rotast segimi sonucu, rotalama espekligi kullamlmugtir. ikinci asamada
minimum maliyethi rotalar kullamlarak yapay sinir ag1 yardum ile imalat hiicreleri
olusturulmugtur. Ugiincii asamada, hiicre konfigiirasyonuna son gekli vermek iizere, yeni
yatinm, iiretme/satin alma ve hiicreler aras1 akiga izin verme gibi karar verme siirecine
yardimc olacak bir matematiksel model kurulmugtur. Son asama ise uygulamaya alinacak
olan hiicrelerin i¢ diizenlemesinin yapilmasi ile ilgilidir.

Tezde, birinci, ikinci, dordiincii agamada literatiirde mevcut olan yéntemler segilerek
algoritmalan bilgisayarda kodlanmis ve endiistriyel bir firmaya uygulanmistir. Bilinen ve
farkh galismalarda ayn ayn kullanilmig olan s6z konusu yéntemlerin bir metodoloji halinde
toplanarak uygulanmig olmasi, tez galigmanin 6zgiin yénii olarak gésterilebilir.

Ugiincii agamada hiicre konfigiirasyonuna son sekli vermek iizere yeni yatirim,
iiretme/satm alma ve hiicreler arasi akiga izin verme gibi karar verme siirecine yardimei
olacak bir matematiksel model geligtirilmistir. Bu da tez ¢aligmasmmn 6zgiin bir yénii olarak
gosterilebilir.

Caligmanin teorisinin uygulama agisindan getirecegi yararlarin saghkli bir sekilde
tespit edilebilmesi igin, arastirma bir uygulama ile desteklenmistir. Uygulama Ulkemizde cam
sanayine kalip iiretimi yapan Sige Cam’a bagh Camig Makina ve Kalip San. A.S.” de
gergeklestirilmistir. Yoneticilere kararlarinda destek olmas: agisindan énemli ipuglan igerdigi
sOylenebilir.
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SUMMARY

A METHODOLOGY FOR GROUP TECHNOLOGY BASED
MANUFACTURING SYSTEM DESING AND ITS APPLICATION
TO BATCH MANUFACTURING INDUSTRY

Group technology (GT) is a technique that is proved to be quite effective in
solving many of the problems in discrete part batch manufacture. In the past,
industrial engineers have tended to view each part produced in a company as being
unique. Group technology brings similar parts together in families, each member is
unique but each has also some characteristics similar to the others.

The part-machine grouping problem forms one of the first and most important
steps in the design of a cellular manufacturing system. It was first identified by
BURBIDGE (1963) as ‘group analysis’ within the context of production flow analysis
(PFA). A description of the overall cell-formation problem is provided.

Cellular manufacturing (CM) involves processing a collection of similar parts
on a dedicated cluster of dissimilar machines. CM has been found beneficial to some
companies because it can reduce lead time, material handling, setup time, work in
process, etc (BLACK 1983).

In batch manufacture, the concept of GT leads to the formation of families of
parts that are similar in design or manufacture. The machines are required to produce
a family of parts are grouped together to form a manufacturing cell. Such a grouping
of machines, which is known as cellular manufacturing reduces material handling and
enables a smooth flow of parts in the plant. Cellular manufacturing, whether
automated or not, provides many advantages over the traditional approach of

functional layout.
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Shorter lead times, reduced work-in-process inventories, and improved
product quality are some of the benefits which have been reported (HYEROF 1987).

WEMMERLOV and HYEROF (1987) divide the design phase of the cellular
manufacturing system into five stages. These five stages are:

(1) selection of part populations and grouping of parts into families;

(2) selection of machine and process populations and grouping of these into

cells;
(3) selection of tools fixture and pallets;
(4) selection of material handling equipment;

(5) choice of equipment layout.

In the first chapter, production systems are defined by the system approach
and the role of manufacturing systems in determined.

Later on, manufacturing systems are divided in two classes;

Traditional Manufacturing Systems
Cellular or GT Manufacturing Systems.
Traditional manufacturing systems are often classified into three categories:
Job shop
Flow shop
Project shop

The job-shop uses flexible, general-purpose machines, and it is a process in
which units for different orders follow different paths (individual routes or sequences)
through processes or machines.

The flow-shop is characterised by product flow layout that uses special-
purpose, single-function machines. Flow shop is a process in which successive units
undergo the same sequence of operations with more specialised, dedicated equipment.

The third category of traditional manufacturing is a project shop. This system
is directed toward creating a product which is very large or one-of-a-kind, which
typically must be produced in some specified sequence. The men, material, and the
machines all come to the project site for assembly or processing.

Cellular manufacturing (group production) and family programming are

basically manufacturing process which produces families of parts within a single line
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or cell of machines operated by machinists or robots that operate only within the line
or cell.

Some of the benefits of Cellular Manufacturing Systems are:

(1) Elimination of or decrease in setup time and setup cost.

(2) Greater manufacturing flexibility.

(3) Reduced work-in-process and lower inventory (just-in-time).

(4) Less floor space around the machines.

(5) Lower raw materials.

(6) Reduction in the cost of goods produced.

(7) Capability of using high-investment machinery in the production process.

(8) Reduction in direct labour cost.

(9) Higher productivity.

The part-machine grouping problem involves a reorganisation of the rows and
columns of a part-machine incidence matrix to obtain a block diagonal form. The
intractability of this subproblem has led to the development of numerous heuristic
procedures. CHU (1989) classified the literature under the categories: (1) array-
based methods; (2) hierarchical clustering techniques; (3) non-hierarchical clustering
methods; (4) mathematical programming formulations; (5) graph-theoretic

approaches; and (6) other heuristic methods.

In the second chapter, the larger problem involves the consideration for
several real-world complexities, including, the presence of multiple copies of machines
of each type, and load balancing among various cells. In addition, recent analytical
models have highlighted the need to address the loss of pooling synergy when
partitioning job shop work centres to form cells (SURESH 1991, 1992, SURESH and
MEREDITH, forthcoming).

Artificial neural network (ANN) models are characterised by their properties,
viz., the structures of the network (topology), how and what the network computes
(computational property) and how and what the network learns to compute (learning
or training property). The learning factor, more than any other, is responsible for

exhibiting the characteristics of the brain. Learning is the process in which a set of
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input vectors is presented sequentially to the input of the networks and the network
weights are adjusted such that similar vectors activate the same output neuron.
Learning strategies are categorised as supervised and unsupervised.

Supervised training requires the pairing of each input vector with a target
vector representing the desired output. An input vector is applied and the output of
the network is calculated. This type of learning indicates whether the computed
output is right or wrong. It has been criticised as being biologically implausible.

In unsupervised learning, the training set consists of input vectors only. The
output is determined by the network during the course of training. The training
procedures construct internal models that capture regularities in their input vectors
without receiving any additional information. In this thesis, we pay attention to

unsupervised learning.

In the third chapter, the four stages have been desenbed for the integrated
manufacturing design.

In the first stage, a mathematical model has been described for the minimal on
route selection.

In the second stage, this stage presents a neural network clustering method for
the part-machine grouping problem in group technology. Among the several neural
networks, a CARPENTER-GROSSBERG network is selected due to the fact that this
clustering method utilizes binary-valued inputs and it can be trained without
supervision. It is shown that this adaptive leader algorithm offers the capability of
handling large, industry-size data sets due to the computational efficiency.

In the third stage, an integer mathematical model has been developed to aid
the decision process to minimize exceptional elements, new machine tool purchasing,
subcontracting, intercell movements between the cells.

In the forth stage, two model have been presented to layout the machines and

equipment in the cell and then alternative layouts have been compared.

In the fourth chapter, the methodology developed has been applied to test the
algorithm in a real industrial company. We can say that it contains important insigths

for giving managements an overall information.



At the first stage, alternate part routing are considered to determine the best
part routing that minimises the operating cost. Integer programming model was
formulated and solved to select the optimal part routing for every part. This integer
programming model was solved using LINDO (SCHRAGE 1987) on the personnel
computer.

At the second stage, the results from the first stage from 0-1 part-machine
matrix. The binary is used as the input to an ART1 neural network based cell
formation module to group machines into a specified number of cells. The algorithm
can be effectively utilized for part-machine grouping especially for large, industry size
problems. The algorithm was coded in Visual C++ and run on the personnel
computer.

At the third stage, Cell formation solutions often contain exceptional elements
(EE). EE create interactions between two manufacturing cells. They can be
considered the result of bottleneck machines, i.e. machines required by two or more
part families. Conversely, EE can be viewed as parts that require processing on
machines in two or more cells. The interaction between cells caused by the existence
of EE runs counter to the express CM philosophy of creating independent cells. As
will be discussed later, this interaction creates disruptions in a CM environment, for
which tangible and intangible costs are incurred.

If the part involved in EE cannot be re-designed or altered, two major options
have been suggested for eliminating EE. Duplicates of the bottleneck machine can be
acquired. This action would eliminate the need for transferring parts between cells in
order for them to receive processing on bottleneck machines. In some instances, the
part can be subcontracted, removing it from the CM production environment.

This thesis presents a mathematical programming approach for dealing with
exceptional elements in CM. The approach suggests whether it is cost-effective to
intercellular transfers caused by the EE should remain in the cell formation. It
provides an optimal solution for resolving the interaction created by EE in the initial
cell formation solution. In addition, the model recognises potentially advantageous
mixed strategies by previous approaches.

Integer programming model can be used to minimize the costs associated with

intercellular transfers, part subcontracting and bottleneck machine duplication.



Integer programming model was formulated and solved using LINDO (SCHRAGE
1987) on the personnel computer.

At the fourth stage, In optimising the layout design of a multi-product
assembly environment, the analysis of the material flow is a vital ingredient. In a
multi-product production environment, products are usually grouped together into
families.

First Category, the ANEKE and CARRIE (1986) presented a travel-chart
method. This method, similar to Hollier’s link-analysis, constructs the flowline from
‘both ends simultaneously. This construction method is usually good in situations
where a family of products have similar initial and final work station requirements,
and processes in which the difference occur mainly in the intermediate process. The

algorithm was coded in Visual C++ and run on the personnel computer.

In the second category, Heuristic pattern matching model is shown. This
method was the traditional line structure as a basic for flowline construction process
of the heuristic pattern matching method emphasises sequence similarity among
products and uses sequence similarity information to construct the flow line.

There are three main stages in the heuristic pattern matching method. The
first stage is the selection stage where a candidate product is selected. The sequence
of the candidate product is accommodated into the constructed flowline, which is a
flow path that consists of different operations (machines/workstations). The selection
of the candidate product is mainly based on the sequence similarity between the
product sequence and the sequence of the constructed flowline. The product that has
the highest sequence similarity with the constructed flowline is selected. A sequence
similarity measurement called ‘compliant index’ is introduced in this method. The
second stage is the construction stage where a new flowline is constructed by
modifying its sequence so that the sequence of the candidate product can be included
into the flowline. The third stage is the elimination stage where the elimination of the
infeasible or uneconomic workstations/machines from the constructed flowline is
performed. The algorithm was coded in Visual C++ and run on the personnel

computer.
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The performance measure used here is total flow distance. In order to
calculate flow distance, it is assumed that the length of the links connecting two
workstations is one unit.

From the test experiments, it is observed that the method of ANEKE and
CARRIE (1986) is sensitive to the initial and the final operations of the products. This
is because their method selects the operations from either end of the products, and
adds the selected operations to the corresponding end of the flowline. The
disadvantage of this is that the products may travel through many unnecessary
intermediate workstations, resulting in larger flow distance. On the other hand, the
heuristic pattern matching algorithm emphasizes the overall sequence similarity in its
building processes, and less sensitive to the initial and final operational of the

products, which explain its better performances.
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BOLUM 1. GIRIS

1.1. URETIM SISTEMLERI TASARIMINA GIRIS

Ikibinlere yaklastigimiz rekabete dayah ortamda, dinya pazanmn
kiiresellesmesi sonucu endustriyel kuruluglar, Gretimlerini daha iyilestirmek sureklilik
kazandirmak ve tiiketici pazarlarindaki yerlerini alabilmek igin tretim felsefelerini
yenilemek zorundadirlar.

Endiistriyel kuruluslar yasamlanm siirdiirebilmek i¢in ileri teknoloji ile tretim
felsefelerindeki degisikligi birlestirerek mamulii istenilen kalitede, istenilen zamanda ve
diugik maliyetle iretmek arayigt igindedirler. Bu sorunlara ¢6ziim ireten Grup
Teknolojist (GT) makina imalat sanayinde her gegen giin 6nem kazanmaktadir.

Bugiine kadar literatiirde GT igin gesitli tamimlar verilmigtir:

Operasyonlarin benzerlikleri veya aym olmalan esasina gore, pargalar ailelere,
makinalar da hiicrelere sinuflandirilir (CHANDRASEKHARAN ve RAJAGOPALAN,
1987).

Grup Teknolojisinin temel fikri bir imalat sistemini, yonetimi biitiin imalat
sistemine gore daha kolay olan alt sistemlere ayngtirmaktir (KUSIAK, 1990).

Ana fikri benzer faaliyetlerin biraraya getirilmesi olan bir imalat felsefesidir
(WEMMERLOV ve HYER, 1987).

Grup Teknolojisi(GT) sadece talagh imalatta degil, parti Gretiminin s6zkonusu
oldugu her tur imalatta uygulanabilir (BURBIDGE, 1992).

Grup teknolojisi (GT), bir ¢ok problemin temelde birbirine benzer oldugundan
hareketle, benzer problemleri bularak toplayan ve boylece elde edilen gruplar igin bir
tek ¢oziim arayan bir yaklagimdir. Boylece zaman ve gabalardan tasarruf saglanir.
Imalatta ise, GT parga ve imalat islemlerinin benzerliklerine dayanarak, éncelikle parca

gruplan ile makina hiicreleri olusturmay1 amaglar.



Hiicresel imalat esasna dayanan GT , bilyiikk ve orta biyiklikte parti tipi
iiretim yapan imalat sisitemlerindeki verimlilik ve etkinlik sorununa, en ¢ok kabul
edilen ¢ozimlerden birirni sunan bir yaklagim olarak tamnmaktadir. Bu yaklagim
cesitli pargalann az sayidaki miktarlarinin benzer yada ortak karakteristiklerine gore
gruplandinlmast sartiyla, ¢ok daha ekonomik olarak iiretilebilecegi gergegi lzerine
kurulmugtur. Grup Teknolojisi(GT), grup vyerlestirme ve malzeme akigim
basitlestirmeye dayanan parti iretiminde yeni bir yaklagim olmustur. Kiitle imalatinda
hat diizenleme ile saglanan avantajlar, parti Gretiminde bu teknik ile saglanir.

Grup Teknolojisinin (GT) temel uygulamalarindan bin de “Hicresel
uretim”dir. Geleneksel olarak yapilandinlmig at6lye imalatimin giintimiiz ihtiyaglarini
kargilayamamas hiicresel iiretime yonelen ilgiyi her gegen giin artirmaktadir.

Hiicresel iretim yaklagimumin esast kugiik bir sistemin etkin ve kontrol
edilebilir olma 6zelligini, bityiik bir sisteme yansitmak geklindedir. Bu yansima, biyiik
bir sistemin iginde, birbirinden bagimsiz kiigiik alt sistemler (hiicreler) olusturma
seklinde gergeklesir. Biiyiik sistemin karmagiklig1 yerine olusturulan kiigiik sistemlerin
problemleri ile ugragir.

Hucresel imalat sistemleri, sistem ig¢indeki benzer imalat karakteristiklerine
sahip belirli bir pargalar grubunun (parga ailesi) bagtan sona imalatina yénelik iglem,
insan ve Ozellikle de makina gruplanmin var oldugu veya olugturdugu sistemlerdir. GT
konfigiirasyonlarmnin en uygun gorildigi ortamlar, orta derecede iiretim hacmine ve
iiriin yelpazesine sahip iretim sistemleridir. Uretim hacminin gok yiiksek oldugu ve
olduk¢a az sayida iiriin tipinin imal edildigi hat yerlesimi hala alternatif bir yerlesim
olarak digiinilmektedir. Uriin yelpazesindeki degiskenligin ¢ok yiiksek oldugu

>

sistemlerde prosese yonelik yerlesim onerilmekte ise de GT ’ nin gergek hayat
uygulamalarinda gorilmektedir ki tiim Uretim ortamlarinda, GT ile oldukga iyi
avantajlar saglanabilmektedir.
Calisma ana hatlanyla su boliimlerden olusmaktadir:
e Birinci bolimde Grup Teknolojisinin tanimi, avantajlan, dezavantajlan,
genel ozellikleri yerlesim ve kiimelendirme yontemleri,
e Ikinci boliimde Yapay sinir ag1 tammu, yapisi ve 6grenme kurallan,

e Ugiincii bolum gelistirilen dort asamali metodolojinin tanttilmast,

e Dordiincii boliim dort agamalan metodolojinin firmaya uygulanmas:.



1.2. Grup Teknolojisinin Genel Ozellikleri

GT 'de 6nemli olan fabrika yerlestirmesinde, prosese gore degil dretilecek
mamiile gore yapiimalidir.

GT uygulamasindaki esas amag, fabrika igindeki malzeme akig sisteminin
basitlestirilmesidir. Tiim basitlestirmeler, gereksiz ¢esitlerin elenmesi ile ilgilidir.

GT, ozellikle gereksiz malzeme akis rotalarinin ortadan kaldinimasini saglar.

GT’ de iki genel ozellik s6z konusudur.  Bunlar, "Tesis Yerlesim
Dizenlemesi" ve "Malzeme akiginin basitlestirilmesi"dir.

Uretim araglannin, yardimc1 birimlerin  veya is istasyonlaninmn, tagima,
depolama kalite kontrol gibi tiretimle ilgili faaliyetlerin fiziksel konumlan agisindan bir
butiin olarak koordinasyonuna tesis yerlesim diizenlenmesi denir.

Tesis yerlesim diizenlenmesinin en belirgin amaci fabrika iginde iiretime
yonelik faaliyetlerde yer alan bitiin varliklarin tiimiiniin hareket miktarlarini minimum
diizeye indirmektir.

Bir fabrikada makinalanin yerlegtirilmesi planlandigi zaman ana problem
makinalarin boliimlere nasil ayrilacagidir. Her boliim kendi postabasilarimn denetimi

altmda, organizasyonel bir birim olusturmalidir.
1.3. Yerlesim Yontemleri ve P-QAnalizi

Genel olarak u¢ yerlesim tesis diizenleme yontemi vardir.
o Fonksiyonel (proses) diizenleme
¢ Grup diizenleme
e Hat (liriine gore) diizenleme
En uygun tesis duzenleme, uretilecek par¢a sayisi (P) ile iiretim miktari(Q)
arasindaki iliskiye dayanarak yapilan dizenlemedir. $ekil 1.1. Yerlesim yStemlerini

gostermektedir.
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Sekil 1.1. Yerlesim Yontemleri

1.3.1. Fonksiyonel Diizenleme

Q / P oram kugiiktiir. Yani Gretim miktant ¢ok azdir. Bu tip diizenlemede
fabrika, her biri tek bir poses igin gruplanmig makinalann bulundugu boéliimlere aynlir.
Ornegin,torna tezgahlan igin ayn bir bolim olusturulur. Bu, ¢ok sayida parti iiretimi

yapan fabrikalarda halen geleneksel bir tesis diizenleme yontemidir.

1.3.2. Grup Diizenleme

Q/P orammnin orta buayiiklikte oldugu bir diizenleme tipidir.  Grup
diizenlemede fabrika, benzer pargalara (aile) ait islemlerin yapildig: "grup " ad: verilen
boliimlere aynlir. Basit bir 6rnek olarak, benzer diglilerin Giretimini tamamlamak i¢in

gerekli tiim makinalan i¢eren makina grubu verilebilir.



n

1.3.3. Hat Diizenleme

Q/P oranimmn biyiik oldugu bir diizenleme seklidir. Siirekli kiitle tiretiminin

oldugu durumlarda uygulamr. Hat diizenlemede, grup diizenlemede oldugu gibi ,

fabrika bir parga iizerinde gruplara boliinir. Geleneksel hat tretiminde , bu makina

gruplan hat geklinde diizenlenir ve her makina tek bir parga igin siirekli olarak

yiiklenir. Giinimiizde, benzer parg¢a aileleri igin hat diizenlenme sistemi kullanilmaya

Tablo 1.1. Diizenleme Tiplerinin Ana Karakteristikleri

Karakteristik Fonksiyonel D. Grup Diizenleme Hat Diizenleme

Thtisaslasma Prosese gore Parga Tipine Gore Parga Tipine Gore

Makinalar Arasinda

Malzeme Akag1 Uzun Yaklastk siirekli Siirekli

Uretim Zamam Uzun Kisa Daha kasa

Proses I¢i Stok Diizeyi | Yiiksek Diigiik Daha Diigiik

Kalite Sorumlulugu Parca Basmma Birgok | Parca Bagmina Birtek | Parga Basina  Birtek
Postabasi Postabasi Postabasi

Vaktinde Dagiim | Parca Basmna Birgok | Parga Bagina Birtek | Parca Bagina Birtek

Sorumlulugu Postabasi Postabagi Postabasi

Ozel Takim Yatinmu Yiiksek Diigiik Yiiksek

Bina Yatirimi Yiiksek Diigiik Daha Diigiik

Malzeme Akis | Kanisik Basit Daha Basit

Kontrolii

baslamustir. Bu taktirde, grup diizenlemeden farkli olarak bir hat ailesindeki her bir

par¢a, aym siradaki makinalarda iglenmektedir.

Ornegin, bir torna, bir freze, bir

taglama ve bir matkaptan olugan bir hat diizenlemede, bu hat ailesinin her bir pargas:

once torna, sonra freze v.s. seklinde iglenecek demektir. Her parti isi bir usta ve bir

grup ig¢i tamamlar.




1.4. Malzeme Akisinin Basitlestirilmesi

Fonksiyonel diizenlemeden grup dizenlemeye gegisin esas avantaj,
isletmedeki malzeme akis sisteminin biiyik Olgide basitlestirilmesidir.  Cinki
isletmecilifin en 6nemli kismu malzeme akiginin kontrolii ile ilgilidir. Boyle basit bir
akig sisteminin tiimiiniin kontrolii gok daha kolaydir (DURMUSOGLU, 1983) .

Malzeme akigiun basitlestirilmesine 6rnek olarak sekil 1.2 *de fonksiyonel ve
grup yerlestirmeleri gosterilebilir. Grup yerlestirmesindeki malzeme akigi, fonksiyonel
yerlestirmeye gore ¢ok daha basittir.

Malzeme hareketlerinin ve ig siralama iglemlerinin basitlegtirilmesi, gerek
tasima, gerekse kuyrukta bekleme zamanlanini oldukga disiirmektedir.

Kisa dretim zamam, bir diger avantaj olarak, igletmenin uretiminde, stok
kontrolii yerine akis kontrolii yapilmasi olanagim saglar. Etkin GT i¢in akig kontrolii
gereklidir. Gergekten grup diizenleme, fonksiyonel diizenlemede ulagilamayan veya
ulagilmasi ¢ok gii¢ olan tasarruflara giden yolu agan bir anahtardir.

A-Hat Yerlestirme
T > T} >V} 7]
s LT N 7 R e Vo Y
F>[ L 11— G }—»[ & }—»[ U ]
F> M {6 >[5 }—»[ 7]
B-Grup Yerlestirme
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C-Fonksiyonel Yerlestirme
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Sekil 1.2. Tesis Yerlesim Tipleri ( L,M,D,G : Makina Tipleri)



1.5. Grup Teknolojisinin faydah yonleri

Uretimde grup veya hiicresel yerlestirmenin birgok yarar vardir. Esas yaran

ise, siparig tipi at6lye sistemine nazaran ig akigi basitlestirmesi ve bu arada akig tipi

atdlyede mevcut olmayan Grin tasarimu ile talep esnekligini kaybetmemesidir. Diger

yararlari ise su gekilde siralanabilir ( WEMMERLOV ve HYER, 1987):

Kii¢iik parti imalatinin miimkiin olmasi ile diizgiin is akisinin saglanmast.
Uretim temin siirelerinin kisalmast.

Proses i¢i stoklann azalmasi.

Isciligin azalmas:.

Takim tertibat maliyetinin azalmas:.

Yeniden isleme ve iskarta malzemelerinin azalmas.

Toplam hazirlik surelerinin kisalmasi.

Teslim siirelerinin azalmasi.

Insan iligkilerinin geligmesi.

Kirtasiyeciligin azalmasi.

Uretim planlama ve kontroliinde kolaylik.

Sorumluluklann tiriine yénelik birlesmesi sonucu kalitenin artigi.

Malzeme tagima maliyetlerinin azalmasi (KINNEY ve dig. 1987).

1.6. Grup Teknolojisinin Sakincah Yoénleri

GT ’de parga aileleri ve makina gruplan olusturulmast sirasinda birgok

problem ve zorluklar ortaya ¢ikmaktadir.

Makina gruplani ve parga aileleri olusumu igin uygun yontemin segimi geni$
analizler gerektirmesi.

Hiicre yapisim olusturmak igin yeni makinalar satin alinmasini gerektirebilir.
Hiicrelere ayirma sonucu ekstra makina ihtiyaglanmin ortaya ¢ikmasi

Gerekli makinalann yeniden diizenlenmesi maliyeti

Kiimelendirme algoritmalan, kiimelendirme kriterleri ve performans olgiilerinin
¢oklugu ve bu nedenle uygun iyi bir kimelendirme yonteminin segiminin

zorlagmas1 (CHU, 1989).



e Aym veriler ve aym algoritma kullanilsa bile farkli kiimelendirme kriterlerinin farkh
gruplamalara sebep olmas:.
e Hiicre digt operasyonlarla ilgili zorluklarin bulunmas: (GALLAGHER, 1986)

e Optimal imalat hiicresi sayisinin belirlenememesi

1.7. Grup Teknolojisi Tekniklerinden Yararlanma
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Uriin Tipi Sayis1 (Uriin Cesitliligi)

Sekil 1.3. Uretim Biiyiikliigii ile Uriin Cegsitliliine Bagh Olarak Proses Tasarmm
Tipleri (GAITHER, 1992)
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Sekil 1.4. Klasik Tezgahlarla U tipi Yerlesim Diizenegine Gore Olusturulmus
Cok Yénlii Ug Isciyle Cahsan Bir Imalat Hiicresi ( Durmusoglu,
1988., Voss, 1989)

Bir hat Gzerinde karma modellerin iiretilmesine yonelik paylagimlhi hat
dizenlemeler ¢ok uygulama olanag: bulmakta ve bu tir yerlesim plaminin
olusturulmasinda grup teknolojisi tekniklerinden faydalamlabilinmektedir. Bu uretim
teknigi, proses tipi iiretim ile akig tipi Gretim arasinda, bu tir uretim sistemlerinin

amaglann uzlagtirmada etkindir. Sekil 1.3.'den de goruldigii gibi iiriine yonelik yap:






