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ABSTRACT

In this study, the procedure of conventional cost calculation of the plastic
injection moulds are programmed via Delphi programming modules. In the
calculation, the mass properties of the designed part are directly obtained from
AutoCAD program and, the machining periods of the mould parts are interactively
estimated by using MasterCAM package. Both the data from MasterCAM and the
mass properties from AutoCAD are transferred to the Delphi programming
domain to calculate the mould cost. Consequently, the design of a plastic injection
mould, the manufacturing of a mould cavity and the cost calculation of a mould
are evaluated in one programming procedure. In the cost calculation, the real
estimation is performed using the appropriate data by developed program.
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PLASTIiK ENJEKSiYON KALIPLARININ KLASIK MALIYET HESABINA

ALGORITMIK BiR YAKLASIM
OZET

Bu c¢alismada, plastik enjeksiyon kaliplar1 i¢in klasik maliyet hesabi
prosediirleri algoritmik olarak bilgisayar ortamina Delphi programlama dili
kullanilarak aktarilmistir. Hesaplamada; AutoCAD ortamindan, kalibin ¢ekirdek
parcalarmin kati model tasarimi, kiitle ve hacimlerinin hesaplanmasi igin ve
MasterCAM ortamindan AutoCAD yaziliminda tasarlanan kalip ¢ekirdek
bloklarinin isleme siirelerini belirlemekte faydalamilmistir. Gerek AutoCAD
gerekse MasterCAM ortamindan elde edilen veriler, kalip maliyeti hesabinda
kullanilacak sekilde Delphi ortamina transfer edilmistir. Dolayisiyla plastik
enjeksiyon kalibinin tasarimi, iiretimi ve maliyet hesabi birbiri ile iligkilendirilmis
ve maliyet hesaplamalarinda daha gergekei veriler kullanilmasi saglanmustir.

Anahtar Kelimeler: Enjeksiyon kaliplari, maliyet tahmini, bilgisayar destekli
maliyet hesab1

1. GiRiS 1. INTRODUCTION

Giinlimiizde isletmelerin, harcamalarinin ve The control of the expenses and costs of the present

maliyetlerinin kontrolii, isletmelerin gelecegi agisindan
6nemlidir. Plastik enjeksiyon kalibi imalatt yapan
isletmeler i¢in kalip maliyeti hayati 6nem kazanmaktadir.

Menges G. ve Mohren P.; yaptiklart ¢alismada, kalip
maliyeti hazirlamada gelistirdigi GKV metodu sayesinde
plastik enjeksiyon kaliplar1 igin kalip maliyet hesabi
prosediirleri olusturmus ve bu  prosediirlerle kalip
maliyetini yaklagik olarak hesaplamaya ¢alismistir. Kalip
Maliyeti i¢in yapilan bir tahmin, kesinligi ve dogrulugu
arttirmali, kalip maliyeti icin harcanan zaman tiiketimini
azaltmali, deneyimin olmadig1 veya az oldugu durumlarda
dahi kaliplarin maliyetinin hesaplanmasint miimkiin

firms are very important for their future investments.
Mould cost is getting a life importance for the firms which
are manufacturing plastic injection mould.

Menges G. and Mohren P.; in their studies they formed
mould cost account procedures for the plastic injection
mould with the GKV method developed for the
preparation of mould cost and tried with this procedures to
calculate the general cost of the mould. An estimation
done for mould cost should increase the certainty and
correction, decrease the time consumption spend for
producing mould, the calculation of the cost of the mould
should also be possible in the situation when there is not
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kilmali ve deneyimli kisiler olmasa bile giivenilir bir
maliyet hesabi ortaya koyacak 6zelliklerde olmalidir (1).

Scheuermann H.; yaptigi caligmada, kalip maliyet
farkliliklarmin farkli hesaplama metotlarindan olustugunu
aktarmaktadir. Gelistirdigi program sayesinde daha hassas
degerler veren ve farkli bir yaklagimi esas alan bir kalip
maliyet metodunu Snermistir (2).

Maier C.; gelistirdigi ASMOULD adli program
sayesinde kalip maliyet tahmini yapmaya calismustir.
Gelistirdigi programi 5 modiile ayirmig ve her bir modiilde
tasarim, teklif, siparis, kalip Ozellikleri ve imalat
asamalarini detaylandirmistir (3).

Peret R.J. tarafindan hazirlanan ve diizenli bir kalip
maliyeti ¢tkarmak icin yeterli zaman olmadig1 durumlarda,
ozellikle kalip maliyeti igin gelistirilen bir bilgisayar
programi, yaklagik takim hazirlama maliyetlerini hizlica
verebilmektedir (4).

Herbert R; “Mold Engineering” adli kitapta makul
enjeksiyon kalip maliyetini ana olarak 8 temel elemanla
aciklamistir. Bunlar, 1. Kalip tasarim miihendisliginin
maliyeti, 2. Uretim miihendisliginin maliyeti, 3. Kalip
govdelerinin maliyeti, 4. Kalip magalarinin maliyeti, 5.
Montajin maliyeti, 6. Test maliyeti, 7. Genel giderler
maliyeti, 8. Kar, olarak siniflandirilmistir (5).

Cather, H.L. ve Chan, K.H.; yaptiklar1 caligmada
AutoCAD ve dBase arasinda entegrasyon yaparak plastik
enjeksiyon kaliplarinin  maliyet tahminini yapmustir.
Maliyet belirleme asamasinda, miisteri ihtiyaclar ile farkli
makine kapasiteleri arasinda esleme yapmak igin farkl
caligma miktarlari, farkli takim ve tezgahlarin maliyet
belirlemeleri igin bu entegrasyonu kullanmislar ve ¢ikan
sonuglar1 plastik enjeksiyon kalip maliyet tahmininde
uygulanmustir (6).

Chin, K.S.; ve Wong, T.N.; ESIMCOST adl1, uzman
sistem yaklasimma dayali bir bilgisayar programi
geligtirme ¢alismas1 yapmistir. Yazarlar {irlin tasariminin
ilk asamalarinda, iriiniin kalip maliyet tahminlerinde
iireticileri desteklemek amaciyla bir program gelistirmistir.
Sistem, plastik parca tasarimina karar verilmesi,
enjeksiyon kalip tasarimi ve kalip yapim proses planlama
asamalarini  kapsamaktadir. Aralarinda,  iligkili
degiskenler ve enjeksiyon kalip maliyet tahminleri igin
teknik Dbilgiler miikkemmel organize edilmistir. Plastik
parcanin  Ozelliklerinin  girilmesiyle ESIMCOST, bir
parcanin iiretimi i¢in gerekli enjeksiyon kalibt maliyetini
cikartmaktadir (7).

Bu ¢aligmada da, iilkemiz kalip¢ilik sektoriinde faaliyet
gosteren  isletmelerin  kolayca  kullanabilecegi  ve
Ogrenebilecegi bir bilgisayar destekli kalip maliyeti
hazirlama programi, Delphi 7.0 ortaminda gelistirilmistir.
Tasarlanan programin, plastik enjeksiyon kaliplarmin
maliyet hesaplamasinda zaman tasarrufunu saglayacak
sekilde hizli, esnek, verilerde kolayca degisiklik yapma ve
aynt sonucu tekrar elde edebilme &zelliklerini
saglayabilecek yapida olmasina O6zen gosterilmistir.
Ulkemizde 6zellikle bu amagla hazirlanmis yazilim
olmayist bu ¢aligmanin kalipgilik sektorii igin son derece
6nemli bir gelisme olarak diisiiniilmektedir.

any experience or lack of experience and it should have
the specifications in order to put out a trusty cost account
whenever there is not any experienced person (1).

Scheurmann H.; in his study, is stating that the mould
cost differences are occurring due the various calculation
methods. Due the program developed by him, he created a
mould cost method which is giving more sensitive values
and considering a different approach as a base (2).

Maier C.; developed a computer program which is
named ASMOULD and he tried to estimate the mould
cost. He separated his developed program into 5 modules
and each of the module design, proposal, order, mould
specification and manufacturing processes have been
detailed (3).

Peret R.J. ; a computer program developed by himself
specially for mould calculation is in the ability to give
rapidly approx. team preparation costs in the situation of
when there is no enough time to put out a general mould
cost (4).

Herbert R.; in his “Mould Engineering” book he
explained the reasonable injection mould cost with 8
major base elements. It is classified as 1. Cost of mould
design engineering, 2. Cost of manufacturing engineering,
3. Cost of mould plates, 4. Cost of mould cores, 5. Fixing
cost, 6. Test cost, 7. Cost of general expenses, 8. Profit

o).

Cather, H.L. and Chan, K.H.; in their studies, together
making integration between AutoCAD and dBase, they
estimated the cost of plastic injection moulds. In the cost
estimating stage, the various working times are used for
making a mate between the customer requirements and the
different machine tool capacities. In order to decide
different tools and machines, this integration is evaluated
and the obtained results are applied to the plastic injection
mould cost estimation (6).

Chin, K. S. and Wong, T.N.; is developed a computer
program which named ESIMCOST depend on expert
system approach. Authors designed the computer program
that supports the mould manufacturers for the cost
estimations in the first step of product design. The
program consists of there stages, the decide of plastic part
design, the design of injection mould and the process
planning of mould manufactory. The technical data
between the connect variables and the estimations of the
injection mould cost are well organized. After giving
plastic part properties, the ESIMCOST can produce the
necessary injection mould cost for a plastic part (7).

Also in this study, a computer supported mould cost
estimation program is developed under Delphi 7.0
environment which can be used and learned easily by the
businesses who are acting in our country’s mould sector. It
has given a care that the prepared program structure which
can provide the specifications fast, flexible, to make easy
change in data and to get the same result as to ensure the
time saving in the calculation of the plastic injection
moulds cost. Because there is not a software in our
country for that purpose, this study is thought as an
important development for the mould design and
manufacturing sector in the country.
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2. KALIP KLASIK MALIYETI HAZIRLAMA
PROSEDURLERI

Belirli bir faaliyet seviyesinde ve belirli sartlar altinda

2. CLASSICAL MOULD COST PREPARATION
PROCEDURES

To the costs which are fixed earlier according specific

bir mamul veya hizmetin maliyetini meydana getiren
dolaysiz malzeme, is¢ilik ve imalat genel giderlerinin
belirli oranlara gore Onceden tespit edilmis olan
maliyetlerine, standart maliyetler denmektedir (8). Bu
standart maliyetlerin plastik enjeksiyon kalibi yapim
prosesine gore diizenlenmesiyle olusan tahmin metodu ise
kalip klasik maliyetini olusturmaktadir.

rates of indirect general expenses of material, labour and
manufacturing which are boring the cost of a product or
service in a level of a specific action or under specific
conditions are called standard costs (8).

The conventional cost estimation according to the
mould making process is classified as mentioned in Figure
1.

Kalip yapim prosesine gore klasik olarak maliyet
tahmini Sekil 1°de verildigi gibi gruplandirilmaktadir.

1. Standard Costs / Standart Maliyetler

Raw material, Standard parts (Material, pusher pins, bushings ..)/ Ham malzeme, Standart pargalar ( Malzeme, itici pimler, burglar, ... )

+

2. Labour Costs / iscilik Giderleri

Cost paid for production of mould. (Lathe, Milling, Grinding, EDM, etc.) /
Kalibin imalati i¢in harcanan giderlerdir. (Torna, Freze, Taslama, EDM, El is¢iligi, vb.)

+

3. The Cost of Special Manufacturing Processes / Ozel imalat islemleri Giderleri

Mould finishing; some of special manufacturing processes costs are summed under this topic(This part is optional. If it is not used, it
will not be added to costs)/ Kalibin imalatindan sonra parlatilmasi, 6zel imalat islemlerinin giderleri bu kisimda toplanmustir.
(Opsiyoneldir, kullanilmamasi durumunda maliyete eklenmezler)

+

4. Administrative and Management Costs / Idari ve Isletme Genel Giderleri

These are the general costs of the company. (Electric, phone, tax...etc.) 20% percent of is cost is used / Isletmenin varligini
stirdiirebilmesi igin kullanilan genel giderler. ( Elektrik, su, telefon, muhasebe, ... ) Bu miktarlarin %20’si kullanilir

+

5. Amortization / Amortisman

Wear out costs of machines are under this topic. 10% percent of the total value is added to mould costs / Isletmede kullanilan
tezgahlarin yipranma pay1 bu grupta siniflandirilmaktadir. Toplanan miktarin %10’u amortisman bedeli olarak kalip maliyetine
aktarilmaktadir.

+

6. Profit / Kar

It is the value of gain added to the costs. Usually 20% percent profit is added to the costs / Isletmenin varligin siirdiirebilmesi igin her
isten kazanmasi gereken kazang miktaridir. Yapilan islerin genelde %20’si kér pay1 olarak maliyete eklenmektedir.

+

7. Value of Additional Tax / Katma Deger Vergisi (KDV)

It is the value of Additional tax paid to Government. It is 18% percent of the total value / Her igletmenin devlete 6demesi gereken
vergi miktar1. Toplanan paydan %18’i kadar vergi 6denmesi gerekmektedir.

Total Costs / Toplam Maliyet

Figure 1. General Mould Cost Calculation Procedures
Sekil 1. Kalip Klasik Maliyet Hesab1 Prosediirleri
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Yukarida verilen akis prosediiriine uygun olarak kalip
klasik maliyet hesabi i¢in hazirlanan program sayesinde
bu akis diyagrami bilgisayar ortamina aktarilarak daha
hizli, dogru, giivenilir ve tekrarlanabilir bi¢imde maliyet
hesabiin hazirlanmasi gergeklestirilmistir. Klasik kalip
maliyetini hazirlamada verilen bu adimlar asagida detayli
olarak agiklanmistir.

2.1. Standart Maliyetler

Bu grup her kalibin yapimi i¢in kullanilmasi gereken
standart maliyetleri olugturmaktadir. Bu maliyetler,
malzemeler, sabitleme kolonlari, burglar, itici pimler, vb.
olmak iizere hazir olarak kullanilan tiim pargalar
kapsamaktadir. Bu maliyetler icin programda, ilgili
kutucuklar iginde malzemeler belirlenerek bunlarin
ticretleri piyasaya goére programa girilmekte, kullanilan
adete bagli olarak fiyatlar dogrudan ¢ikarilmaktadir.

2.2. lscilik Giderleri

Istenilen plastik parcanin kalibimn yapmm igin
harcanan iscilik giderleri bu grupta siniflandirilmaktadir.
Kalibin her pargasinin yapimi igin tezgahlarda harcanan
calisma saatleri belirlenip tezgahlarin ¢alisma saat
iicretleriyle c¢arpilarak bu giderler olusturulmaktadir.
Programda her tezgah icin piyasa sartlarina gore bir
calisma saat {icreti belirlemistir, bu iicretler MasterCAM
programinda belirlenen ¢aligma zamanlariyla ¢arpilarak bu
giderler grubu toplamu elde edilmektedir.

2.3. Ozel imalat islemleri Giderleri

Kalibin imalatindan sonra, iiriinde istenilen yiizey kalitesi
ve hassasiyeti iriin agisindan 6nem arz etmekte ise kalip
parlatma islemine ihtiyag duyulmaktadir. Bu durumda,
kalip parlatilmas1 ve son bitirme yiizey islemleri, 6zel
imalat islemleri gideri olarak maliyete eklenmektedir.

2.4. ldari ve isletme Genel Giderleri

Isletmenin piyasada varligim siirdiirebilmesi i¢in temel
giderler olan elektrik, su, telefon, sigorta, kirtasiye,
muhasebe giderleri  bu grupta smiflandirilmaktadir.
Tasarlanan  programda bu giderler veri olarak
girilebilmekte ve istenilen oranlarda kalip maliyetine
yansitilmast saglanabilmektedir. Oranlarin olduk¢a sik
degistigi tilkemizde degisikliklerin bilgisayar ortamina
aktarilmas1 ayr1 bir kolaylik saglamaktadir. Ornegin,
maliyeti yliksek ¢ikan bir kalipta maliyeti diisiirmek igin
bu kalip basma aktarilan oranlarin degistirilmesiyle hizli
bir sekilde maliyetteki degisme goriilebilmektedir.

2.5. Amortisman

Yapilan her kalip i¢in imalat tezgahlar1 kullanilmakta
ve her kullanimla tezgah yipranmakta ve hassasiyetini
kaybetmektedir. Her tezgahin belirlenmis bir Omrii
bulunmaktadir. Elde edilen her kazangtan sonra tezgahlar
icin bir amortisman miktar1 diizenli olarak ayrilmalidir ki
tezgah kullanim siiresini doldurdugunda isletme yenisini
alabilecek durumda olsun. Bu duruma hazirlikli olmasi,
orta dlgekli bir isletmenin gelecegi igin hayati bir 6nem
kazanmaktadir. Amortisman bedelini ayirmayan bir
isletme ileride tezgahimi degistirmek zorunda kaldiginda

By using the computer program written according to
above given general mould cost calculation procedures;
mould costs can be obtained the fast, correct and reliable
results. General mould cost calculation procedures are
explained in details below.

2.1. Standard Costs

This group is forming the standard costs which have to
be used for structuring of each mould. These costs are
covering all of ready parts which are used on material,
fixing colons, bushes, pushing pins etc. In the program for
these costs, the materials are determined by clicking the
related boxes and the material prices are entered to the
program according the market and the prices are prepared
directly according to the used units.

2.2. Labour Costs

The labour expenses spend for structuring of the mould
of the desired plastic part is evaluated in this group. These
expenses are formed by multiplication of the
determination of the working hours spend at working
tables for structuring each part of the mould and working
hour wages of the working tables. For each working table
of this program a working hour wage is fixed according
the market and by multiplication of these wages and
working times determined in MasterCAM program the
sum of these expenses groups are fixed.

2.3. The Costs Special Manufacturing Processes

After manufacturing the mould, of course the surface
quality and dimensional accuracy of the mould is
requiring an importance, there is a need of mould
polishing and/or coating process. In this situation, the
mould polishing and the finishing surface processes are
added to cost as special manufacturing processes costs.

2.4. Administrative and Management Costs

In order to the existence of the firm in the market, the
basic expenses such as electricity, water, telephone,
insurance, stationary, accountancy expenses are classified
in this group. In the designed program, these expenses can
be entered as data and can be separated on the mould cost
as in desired level. It gives a separate easiness by
transferring the changes into computer environment in our
country where the rates are changing every time. For
example, to decreasing the cost of a mould of which the
cost is very high, by changing the transferred rates of these
moulds, the change in the cost can be seen rapidly.

2.5. Amortization

For each mould designing and manufacturing study, the
various manufacturing machine tools are selected and in
each use the machine tools is going to be tried off and
loses their accuracy. Each machine tool has got a specific
working life. In order to get a new one by the businesses,
after the life time compliance of the machine tools, after
each earned profit, the amortization quantity of the
machine tools shall be ordinary reserved. Being ready to
this situation, it has a vital importance for small and
medium industry firms. A firm which is not reserving an
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mali olarak biiyiik bir zorlukla karsilasacaktir. Klasik
maliyet hesaplamada ilk 3 basamakta belirlenen maliyet
toplaminin %10‘u amortisman bedeli olarak ayrilmaktadir.

2.6. Kar

Isletmenin, yapilan her kaliptan mutlaka kir etmesi
gerektiginden hareketle, klasik maliyet hesabina gore kar
miktar1 en az %20 olarak tayin edilmistir. Fakat bazi isler
vardir ki zorluk derecesi yiiksektir veya piyasada yapimi
zahmetli ve uzun siirelidir. Bu tiir isler i¢in imalatg1 kar
miktarin1 %80 ve daha yukarisina ¢ikartabilmektedir.
Zorluk derecesi yiiksek olmayan isler i¢in ise, isletmeler is
akisint saglamak icin cok az karlarla kalibi tiretmek igin
alabilmektedir. Bu gibi durumlarda kullanic1 kar miktarin
degistirebilmektedir. Programda kar igin olusturulan
modiil sayesinde, kir miktari, klasik maliyet analizine
gore ilk 4 grupta belirlenen maliyetlerin toplami {izerinden
alinmakta ve belirtilen yiizde oranmma gore toplam
maliyete dahil edilmektedir. Miisteri ile olan ihtilaflarda
kar oranmin degistirilebilmesi, miisteriye alternatifli
maliyet listesinin verilmesinde biiyiik kolaylik ve zaman
tasarrufu saglamaktadir.

2.7. Katma Deger Vergisi (KDV)

Her isletme yapilan iiretim faaliyetleri i¢in devletin
belirlemis oldugu %18’lik Katma Deger Vergisini (KDV)
eklemek zorundadir. Programda bu yiizde girilebilerek
maliyete dogrudan yansitilmaktadir. Ekonomik kurallarin
mali kurumlarca degistirilmesi ihtimaline karsin, katma
deger vergisi oraninin program yapist iginde farkli
degerler alabilmesi imkan1 kullaniciya verilmistir.

3.  PROGRAMIN TANITIMI VE CALISMASI

Kalip klasik maliyet hazirlama prosediirlerinin
programlanmasi, Delphi ortaminda hazirlanan mini-
modiiler programlarin bir araya getirilmesiyle yapilmustir.
Delphi ile programlama dilinin bir¢ok isletim sistemi ile
uyumlu ve yaygm kullaniltyor olmasi, programin
yapisinda tasarim degisikliklerine ve kolayliklarina imkan
vermesi, programlama ortami olarak  segilmesini
saglamistir.

Gelistirilen program cesitli modiillerden olugmaktadir.
Bu modiiller, hazir malzeme kiitiiphanesi modiild, iscilik
giderleri modiilii, idari ve isletme giderleri modiili,
misteri takip modili, veri ekleme ve ¢ikarma
modiilleridir. Bu modiiller yardimryla kalip klasik maliyeti
hazirlama prosediirleri programlama ortamina
aktartlmistir. Programin girdilerinden biri olan plastik
parca tasarimi, AutoCAD ortaminda yapilmaktadir.
AutoCAD, gelismis, etkilesimli grafik kullanici ekrani
sayesinde tiim komutlara kolayca erisilecek bigimde
diizenlemeye imkan veren bir bilgisayar destekli tasarim
programidir (9).

Miisteri tarafindan istenen iiriin i¢in tasarim islemi kati
model olarak yapilmaktadir. AutoCAD ortaminda tasarimi
yapilan kalibin yine AutoCAD ortaminda hacim ve kiitle
hesabi, kiitle Ozellikleri komutu kullanilarak elde
edilmektedir. Bu ortamda hazirlanan veriler gelistirilen

amortization cost will be met with a grate financial
difficulty in the need of changing the machine tools in the
future. In the classical cost calculation, 10% of the sum of
the cost determined after the first 3 stages is reserved as
amortization cost.

2.6. Profit

While a business have to make profit from each
structured mould, according the classical cost calculation,
the profit rate is fixed at least 20%. But there are some
works of which the difficulty level are very high or it is
very hard and takes long time to produce them in the
market. For this works the manufacturer can increase the
profit amount to 80% or higher. For the works of which
the difficulty level is not high, the businesses may
purchase much cheaper for mould production. For these
situations, the user may change the profit percent. At this
program, due the module formed for profit, according the
classical cost analyze, the profit rate is calculated upon the
sum of the costs determined at first 4 groups and are
included to the total cost according the determined
percentage rate. In the conflicts with the customer,
changing the profit rate is given an easiness and time
saving by submitting alternative cost list.

2.7. Value Added Tax (VAT)

Each business has to add the Value Added Tax (VAT)
in the amount of 18% determined by the government for
the manufacturing actions. That is why it can be enter to
the program and add it directly to the cost. For the
probability of the change of the economic rules by the
institutions, the possibility of getting different values
inside the program structure of the rate of value added tax
is given to the users.

3. HOW TO RUN PROGRAM

The program of the classical cost preparation
procedures of a plastic injection mould is formed by
bringing together the mini-modular programs prepared in
the Delphi environment. The sufficient and expand use of
Delphi and the programming language with many process
systems, the opportunity of to make design changes and
easiness, has provided to select it as a programming
environment.

The developed program is coming into being from
various modules. These are the modules such ready
material library module, labour expenses module,
administration and operation expenses module, customer
following module, data adding and getting out modules.
Due the help of these modules, the classical cost
preparation procedures of mould are transferred into
programming environment. One of the entries of the
program, plastic part design is done in AutoCAD
environment. Due the developed effective graphic user
monitor, AutoCAD is a computer supported design
program which gives the possibility to access easily to all
commands (9).

For the product demanded by the customer, the
designing process is done as a solid model. The volume
and mass calculation in AutoCAD environment of mould
which design is done in AutoCAD environment is
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programin ilgili modiillerine aktarilmaktadir. Katt model
olarak tasarlanan plastik parcanin kalip bloklari,
MasterCAM  ortaminda  degerlendirilmekte, isleme
parametreleri ve bu parametrelere gore isleme siireleri
belirlenmektedir.  isleme parametrelerinin  segilmesi
asamasinda kullanilan takim ve sarf giderler, hazirlanan
programin malzeme kiitiphanesi modiiliine
aktarilmaktadir. Kalip bloklarinin igleme siireleri, isgilik
giderlerinin hesaplanmasinda kullanilmaktadir.

Gelistirilen ~ programin  caligmasmin  anlagilmasi
amaciyla bir 6mek uygulama yapilmistir.  Ornek
uygulamada, bir adet priz kapagmin maliyet analizi
yapilmstir. Tk olarak AutoCAD ortaminda parganin kati
model olarak tasarimi yapilmistir. Daha sonra parga
tasarimindan  kalip tasarimina gecilmistir. Tasarim
esnasinda kullanilacak standart malzemeler belirlenerek
tasarlanan kalibin hacim ve kiitlesi hesaplanmis, bu veriler
sayesinde kullanilacak ham malzeme maliyetleri
cikartlmigtir.  Bir  sonraki asamada  MasterCAM
programinda iglemeye ait parametreler belirlenmis ve
isleme siireleri elde edilmistir. Bu veriler dogrudan
program ortamina aktarilarak belirlenen diger girdilerle
plastik trliniin katt modelinden hareketle klasik kalip
maliyeti elde edilmistir.

4. ORNEK UYGULAMA

Ilk asamada AutoCAD tasarim ortaminda maliyet
analizi yapilacak plastik parcanin katt modeli ve tasarimi
yapilmistir. Ornek uygulama olarak bir elektrik uzatma
donaniminin ikili prizinin st kapagi secilmis ve Sekil
4.1°de verildigi gibi kat1 modeli elde edilmistir. Ornek
alinan plastik parganin bilgisayarda tasarim siiresi yaklasik
45 dk.’ dir.
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obtained by using the mass properties command. The data
prepared in this environment are transferred into the
related modules of the developed program. The mould
blocks of the plastic part designed as a solid model are
evaluated in the MasterCAM environment. The process
parameters are determined and according to these
parameters the machining time are obtained. The tool cost
and general expenses used during the selection of the
process parameters are transferred to the material library
module of the prepared program. The process time of
mould blocks are used in the calculation of labour fees.

In order to understand the run of the developed
program, a sample practice has been done. In the sample
practice, cost of an portable socket cover is analyzed as an
plastic part. At first, a design as 3D solid model of the
plastic part is done in AutoCAD environment. Then the
model is transferred from part design to mould design. By
determining the standard material which will be used
during designing, the volume and mass of the prepared
mould is calculated. With these data, the raw material
costs which will be used are determined. In the next stage,
parameters belonging to the machining strategy of the
MasterCAM are determined and the machining times are
obtained. By transferring this data directly to the program
environment, other entries and conventional mould cost is
determined via by starting from the solid model of the
plastic product.

4. SAMPLE APPLICATION

In the first step, the solid model of the sample part is
designed by using AutoCAD. In this example, the upper
cover of a plastic electric socket is chosen for sample part
and the solid model of this part is shown in the Fig.4.1.
Computer aided design of this part takes about 45 minutes.
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Figure 4.1. Solid Model of the Sample Plastic Part in the AutoCAD Environment
Sekil 4.1. Kaliplanacak Plastik Parcanin AutoCAD Ortaminda Modellenmesi

Modellemesi yapilan plastik parcanin kalip tasarimi
AutoCAD ortaminda gergeklestirilmis ve 4 gozlii olmasi
diistiniilen kalip ¢ekirdeklerinin erkek ve disi plakalar
hazirlanmustir. Gerekli kalip seti hazirlandiktan (Sekil 4.2)
sonra komple kalibin agirlik hesabinda kullanilmak iizere

Then mould design of this plastic part is done by using
AutoCAD package and the male and female plates of
mould cores having 4 cavities are prepared. After
preparation of mould set (Fig.4.2), mass calculation of raw
parts is done by using “massprop” command (Table 4.1).
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“massprop” komutu ile ham pargalarin kiitle hesaplari elde
edilmistir (Cizelge 4.1).
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Figure 4.2. The Solid Model of Mould with Four Cavities
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Sekil 4.2. Tasarimi Yapilan Dort Gozlii Kalibin AutoCAD Ortaminda Modellenmesi

Table 4.1. Mass Calculation Results of the Mould Blocks Using Mass Properties
Cizelge 4.1 Kalip Bloklarinmn Kiitle Ozelliklerinden Hareketle Agirlik Hesaplari

No Part Number / Parca Ad1

Mass / Agirhk

1 Female Mould Plate /
Disi kalip plakasi

9,854cm’ x 7,81 gr/em’® = 76,96kg.

2 Male Core / Erkek macga

376,209 cm® x 7,81 gr/em® = 2,938kg. x 4 = 11,752 kg.

Itici baglanma plakasi

3 Lower Support Plate / 4,461 cm® x 7,2 gr/em’® = 32,119 kg.
Alt destek plakasi
4 Parallels / Paraleller 1,484 cm® x 7,2 gr/cm3 =10,684 kg. x 2 =21,369 kg.
5 Lower Connection Plate / 5,720 cm®x 7,2 gr/cm3 =41,184 kg.
Alt baglanma plakast
6 Pusher Connection Plate / 1,725 cm® x 7,2 gr/cm3 =12,42 kg.

7 Lower Connection Fixing Plate /
Itici baglanma sabitleme plakasi

1,751 em® x 7,2 gr/em® = 4,72 kg.

8 Upper Support Plate /
Ust destek plakasi

5,719 cm® x 7,2 gr/em’ = 41,176 kg.

Tasarlanan plastik enjeksiyon kalibinin bilgisayarda
tasarim siiresi yaklasik 360 dk. olarak belirlenmistir
AutoCAD ortaminda elde edilen ¢elik bloklara ait agirlik
degerleri gelistirilen programa girdi olarak aktarilmis ve
kullanilan ham celik tiirlerine gore malzeme tutarlari
belirlenmistir. Bu tasarim i¢in giliniimiiz birim fiyatlarryla
hazirlanan plastik enjeksiyon kalibinin malzeme maliyeti 1
048 250 000 TL. dir. Ayrica, AutoCAD programinda kalip
tasarimi yapilirken kullanilan standart malzemeler ayri
tespit edilmistir. Boylece standart kalip seti elemanlarina
ait giderler, kalip maliyeti hesabina dahil edilmistir. Dort
gozlii plastik enjeksiyon kalibi tasariminda kullanilan
standart malzemeler Cizelge 4.2°de verilmistir.

Computer Aided Design time of this plastic injection
mould is about 360 minutes. Mass properties of steel
blocks calculated in AutoCAD are entered into computer
program and material prices of mould steel are evaluated
into the program. Material cost of this plastic injection
mould is calculated as 1 048 250 000 TL by using the
material prices dated December 2004. Moreover, standard
materials used in mould design are found separately by
using AutoCAD. So, costs of standard materials used in
mould set are included in mould cost. The standard
materials used for the plastic injection mould having 4
cavities are given in Table 4.2.
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Table 4.2. Standard Parts Used in Mould Production
Cizelge 4.2. Kalip Imalatinda Kullanilan Standart Parcalar

No | Standard Part Name and Description / Standart Elemanin Adi ve Quantity /
Aciklamasi Miktari

1 | Runner Bushing / Yolluk Burcu 1

2 | Fixing Colon / Sabitleme kolonu (@ 35) 4

3 | Fixing Bushing / Sabitleme burcu (@ 35) 4

4 | Pushing Pin/ Itici Pim (@ 6) 24

5 | Return Pin / Geri doniistiiriicli pim (& 10) 2

6 | Runner Pull Pin/ Yolluk ¢ekici pim (@ 10) 1

7 | Water Pipe Nut / Su rekoru (R %) 8

8 | Hose/Hortum (0.25mt. - @ 10) 4

9 M10x40, DIN 912, Imbus Slotted Hexagonal Bolt / Imbus Alyen Civata 4

10 | M8x10, DIN 912, Imbus Slotted Hexagonal Bolt / Imbus Alyen Civata 4

11 | M10x130, DIN 912, Imbus Slotted Hexagonal Bolt / Imbus Alyen Civata 4

12 | M8x50, DIN 912, Imbus Slotted Hexagonal Bolt / Imbus Alyen Civata 4

13 | M8x60, DIN 912, Imbus Slotted Hexagonal Bolt / Imbus Alyen Civata 8

Kalip yapiminda kullanilan standart parcalarin After the determination of the standard part costs of

belirlenmesi asamasindan sonra kalibi meydana getiren mould, it is now the step of determining manufacturing
¢ekirdek plakalarin  igleme siirelerinin  belirlenmesi time of mould core plates. In this step, manufacturing time
asamasia gecilmistir. Bu agamada MasterCAM paket of mould core plates are found by using MasterCAM
programi yardimiyla bu plakalarin isleme siireleri elde program.

edilmigtir.
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Figure 4.3. The Display of Mould Block Transferred Into MasterCAM
Sekil 4.3. Kalip Blogunun MasterCAM Ortamina Transferi

AutoCAD ortaminda tasarlanan kalibin MasterCAM For transferring the mould designed in AutoCAD into
ortamina aktarilmasi isglemi i¢in c¢ekirdek plakalar MasterCAM, the 3D drawings of core plates are saved as
AutoCAD ortaminda ayr1 ayr1i DWG uzantis1 ile *.dwg format in AutoCAD. Then, by using MasterCAM
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kaydedilmistir. MasterCAM programinin “File” diisey
meniisii altinda yer alan “Converts” secenegi ile dosya
transferi gergeklestirilmistir ( Sekil 4.3).

“converts” command in the file menu, the file transfer is
established. (See Fig.4.3)
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Figure 4.4. The Determination of Part Dimensions in MasterCAM
Sekil 4.4. Kaliplanacak Par¢anin MasterCAM Ortaminda Par¢a Boyutlarinin Belirlenmesi

Dosyanin  MasterCAM  ortamina  doniistiiriilerek
Transfer (Convert) edilmesi isleminden sonra MasterCAM
ortaminda malzeme atamast ve par¢a boyutlarmin
tanimlanmast iglemleri yapilmistir. Bu iglemler icin

“Toolpaths” meniisii altindan “Jobsetup” secenegi
almarak malzeme atamasi ve par¢a boyutlarinin
MasterCAM ortaminda tanitilmasi islemleri

gerceklestirilmistir (Sekil 4.4).

MasterCAM ortaminda malzeme atamasi ve parga
boyutlarinin tanitilmasi islemlerinden sonraki asamada bu
parcay1 isleme icin gerekli parametreler Takimyollar
(Toolpaths)  meniisiinden  yapilacak  operasyonlar
araciligryla secilmistir.Operasyonlarin se¢imi
islemlerinde, isleme igin gerekli takimlar ve igleme
parametreleri belirlenmistir. MasterCAM paketinde isleme
simiilasyonunun yani sira igleme siirelerine ait veriler
yaklagik olarak elde edilir.

Ornek plastik parcanm kalip cekirdeklerinin tahmini
isleme sireleri, 285 dk. ve disi ve erkek olarak siire
toplami 540dk. olarak belirlenmistir. Isleme siirelerinin
elde edilmesinde MasterCAM yaziliminda harcanan siire
40 dk.” duir.

Bu agamalardan sonra gelistirilen programa elde edilen
verilerin aktarilmasina gegilmistir. Program c¢aligtirilarak
ana meniisii agtlmaktadir. Program, Miisteri Kayit-Kalip
Maliyeti, GKV Onerim Metodu, Maliyet-Miisteri
Goriintiileme, Maliyet-Formiil Islemleri, Veri
Ekleme/Degistirme olmak {iizere toplam 5 modiilden
olusmaktadir. Misteri Kayit-Kalip Maliyeti modiiliine
girilerek misteriye ait bilgiler kayit altina alimmaktadir.
Miisteri takibi, miisteriye verilen kalip maliyeti, maliyette
kullanilan giderlerin belirlenmesi saglanmaktadir (Sekil
4.5).

After MasterCAM file transfer procedure (convert),
material is chosen and dimensions are determined in
MasterCAM. For these procedures, in the “Jobsetup”
screen the “Toolpaths” menu is selected in MasterCAM.
(See Fig.4.4)

After determination of material and part dimensions in
MasterCAM, required parameters for manufacturing the
part are chosen by selecting the operations in the toolpaths
menu. While selecting the operations, the manufacturing
tools and the parameters are determined. Both the
manufacturing simulation and approximate manufacturing
times are estimated in MasterCAM.

Approximate manufacturing time of the mould cores of
sample plastic part is 285 minutes and the total required
time is 540 minutes for both male and female. In order to
get manufacturing times, 45 minutes is spent in
MasterCAM program.

After all these steps, now it is the time to enter the
value into the developed program. After running the
program, main menu is opened. There are 5 modules in
the program; Customer Record-Mould Cost, GKV
Suggestion Method, Cost-Customer Display, Cost-
Formula Operations, Data Add/Change. First, customer
data is recorded by entering the customer Record-Mould
Cost module. Following of the customer, Mould cost
proposed to the customer and the determinations of the
expenses used in the cost calculation are done in this
module (See Fig.4.5).
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Figure 4.5. Customer Record-Mould Cost Module of the Program
Sekil 4.5. Gelistirilen Programin Miisteri Kay1t - Kalip Maliyeti Modiilii

Programda kalip maliyet ve misteri goriintiileme
modiiliinde miisterilere ait olan genel bilgilere, kalip
maliyeti ile ilgili bilgilere, kullanilan malzeme detaylari
gibi bilgilere ulasilabilmektedir. Veri Ekleme/degistirme
modiilii, klasik kalip maliyetini hazirlamak i¢in kullanilan
malzemelere ait verilerin bulundugu ve bu verilerin
eklenip degistirilebildigi modiil olarak hazirlanmigtir
(Sekil 4.6).
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Figure 4.6. Data Addition/Change Module
Sekil 4.6. Programin Veri Ekleme/Degistirme Modiilii

Bilgisayar destekli tasarim ve imalat ortamlarindan
elde edilen wverilerin Delphi ortaminda hazirlanan
programa  transferi  ilgili  diger  pencerelerinin
doldurulmasiyla, 6rnek olarak segilen plastik parcanin dort
gozlii kalibinin maliyeti 2 416 935 000 TL. olarak
hesaplanmustir.
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All data, obtained by supporting of Computer Aided
Design and Manufacturing software, are transferred into
the program prepared in the Delphi by filling the related
windows. And cost of the mould having 4 cavities for the
sample plastic part is calculated as 2 416 935 000 TL.
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5. SONUC VE DEGERLENDIRME

Giinlimiizde sanayinin gelismesi ve buna paralel olarak
da kalipcilik sektoriiniin geligsmesi, isletmelerin varligim
siirdiirmesi ve rekabet edebilmesi i¢in yeni arayislari da
beraberinde getirmistir. Daha diigiikk maliyet, daha ucuz
is¢ilik, daha ucuz malzeme, yiiksek kar elde etmek ancak
dogru bir planlama, iyi bir i takibi, ger¢ekei fiyat tahmini
ve bu girdilerin  kayit altina  almmast ile
saglanabilmektedir.

Maliyet tahmini ile ilgili problemlerin gesitliligi ve
coklugu, plastik enjeksiyon kalip maliyetini olugturan
girdilerin ¢ok fazla olmasi, kullanilan katsayilardaki en
ufak yanilgi, toplam kalip maliyetinde biiylik sapmalara
yol agmaktadir. Literatiirde yapilan ¢aligmalarin yabanci
dilde olmast ve elde edilen grafik ve Kkatsayilarin
caligmanin yapildigi iilke sanayisinin Ozelliklerini ve
ekonomik  yapisim1  yansitmasi, tlkemiz  i¢in
kullanildiginda, bityiik hatalar dogurabilmektedir. Siparis
zamanin kisaligi, verilen tekliflerin dogruluk oranini da
diistirebilmektedir. Plastik enjeksiyon kalip iiretimindeki
iretim metotlarinin  ¢esitliliginden dolay:r her birinin
detaylandirilmamasi, konuyla ilgili diger bir problemi
teskil etmektedir. Maliyet tahminindeki hatalar, verilen
tekliflerin ~ siparise  doniismesini  biiyilk  oranda
etkilemektedir. Piyasadaki hazir malzeme fiyatlari, dovize
endeksli dalgali kur sistemi uygulayan ekonomilerde
siirekli degisebilmektedir. Bu durum, aylik olarak tiim
maliyet girdilerinin giincellenmesini de gerektirmektedir.
Tim bilgilerin bilgisayar desteginden yoksun bir isletme
icinde gilincellenmesi ¢ok zaman alici ve zahmetli bir
siirectir.

Ulkemizde kalipeilik sektdriiniin  biiyiik bir hizla
gelistigi dikkate alinirsa ulusal ve uluslar arasi tekliflerde
dogru, giivenilir ve rekabet edebilir bir fiyat tahmin
prosediiriine ve bilgisayarda bu siirecin hizla asilmasina
ihtiya¢ oldugu bir gercektir.

Plastik enjeksiyon kalip maliyet tahmininin; kalip
iireticileri i¢in isletmenin geleceginde hayati bir 6nem
tasimasina ragmen yapilamayist lilkemiz kalipcilarinin
diinya ile rekabet edebilecek fiyatlar verememesine neden
olmaktadir. Maliyet tahmini biiyiik ¢ogunlukla daha once
imal edilen benzer kaliplara gore veya tahminen verildigi
icin tam anlamiyla verilen fiyat tekliflerinde tiim maliyet
kalemleri tek tek gorilemez. Bu durum kalip
imalat¢ilarmin isi almak i¢in hangi maliyet kaleminden
nasil indirim yapacagina karar verememesine imkan
saglamaktadir. Gelistirilen programla maliyet kalemlerinin
toplam maliyete dagilimi goriilebilmektedir. Program;
miisteriye hizli bir sekilde fiyat tahmini hakkinda fikir
vererek, fiyatin yiiksek ¢ikmasi durumunda bazi kriterlerle
oynayarak fiyatlandirmanin  diizenlenmesine imkan
verecek yapida tasarlanmis olup klasik kalip tahmin
metodu bilgisayar ortaminda derinlemesine incelenmistir.

Plastik  enjeksiyon kaliplarinda  klasik  maliyet
hesaplamasi igin gelistirilen bu program sayesinde miisteri
takibi kontrol altina alinabilmekte, miisteri i¢in o anda
verilmig fiyat teklifi tim ayrintilariyla goriilebilmekte,
secilen malzemelerden isgilik siirelerine kadar her tiirlii
dataya hizli bir sekilde ulasilabilme tekrarlanabilirligi ve
esnekligi saglanmaktadir.

5. RESULT AND DISCUSSION

In today’s world; the development of industry and in
parallel to this development of the mould making
industries, companies have been seeking the new way of
the competitive advantages to sustain their companies
activities. The global economy dictates them to reduce
cost of their products cost by suitable the planning, the
process monitoring, the realistic cost estimation and the
documentation of all their actions.

For the initial prediction of the cost of plastic moulds to
be produced, different amount of input data have to be
analyzed to end up with a non suspicious cost estimation.
In Turkey the available documents reflecting related
studies on the subject are all written in foreign languages.
Most of them are being in English. All the available data
reflect the characteristics of the related economies and the
industries. So, extensive use of those data may lead the
local mould of producer to some ambiguous results. Since,
the delivery duration requested by the customer is being
very short, this makes true estimate of the cost difficult
and this situation may end up with the lost of order. There
are a lot of manufacturing methods and their details for
producing plastic injection mould. So this is added
problem for the convenient prediction of the final mould
cost. The price of buy materials change by if daily
currency, all inputs should be updated monthly.

All these data take a long time to update if there is not
computer aided in the enterprise.

Since, moulding sector in Turkey is being improving
for national and international proposals, it is required to
have a mould cost estimating procedure for precise,
reliable and competitive estimation according with
computer aided programs.

The lack of a convenient “plastic injection mould cost
estimation” in Turkey moulding sector makes it difficult
to propose competitive and winning prices in international
field. This matter is vital for longevity of enterprise. Cost
estimation is generally done according to previously done
similar moulds or depending of the non precious raw
estimate. In this method, all cost details can not be seen
one by one. In this case the mould manufacturers can not
realize in which items may be discounted to have the
order. In this developed program, the ratio of all cost items
one by one per total cost can be seen. This program gives
the costumer a rapid response for proposal. If the price is
high, by changing some criterions, the proposal can be
renewed. For this purpose classic mould cost estimation
method has investigated in detail.

It can be controlled to follow customer's orders through
this program which is advanced for classic cost estimation
for plastic injection moulds. In this program it can be seen
and accessed all details of the proposal, such as from
selected materials to workmanship. In the experimented
work study the total cost of “one socket with two plugs” 4
cavities injection mould is calculated as 2 416 935 000
TL. It is achieved to this cost through with through
computer aided program. This period is only 1270
minutes. It is observed that this is very short period for the
cost estimation in the moulding sector.
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Ornek uygulamada dikkate ahmnan iki fisli bir priz
kapaginin dort gozlii plastik enjeksiyon kalibinin toplam
maliyeti 2 416 935 000 TL. olarak belirlenmistir. Bu
maliyet tahmini son derece gercekei bir bilgisayar destekli
siire¢ sonunda elde edilmistir. Bu siire yaklagik 1270 dk.’
dir. Kalipgilik sektoriinde olugsan maliyet tahminleriyle
kiyaslandiginda son derece gergekg¢i bir yaklasimin kisa
siirede sonug verdigi tespit edilmistir.

Ulusal ve uluslararasi alanda rekabet agisindan, plastik
enjeksiyon kaliplart i¢in kalip maliyeti hesap programinin
bulunmasi isletme i¢in biiyiikk kolayliklar saglayacaktir.
Artik giinlimiizde firmalar yapilacak iiriinlerini internet
ortaminda ihaleye agabilmekte ve bu iiriinler icin fiyat
tahmini isteyebilmektedirler. Bu esnada dogru fiyat
tahmini, hizli, giincel bilgilerin sunulmasi uluslararasi
rekabet agisindan isletmelere kolaylik saglayacaktir.

Hazirlanan programin iilkemiz kalipgilik sektoriinde
faaliyet gosteren firmalarca kolayca kullanilabilir ve elde
edilebilir olmas1 son derece onemli bir gelisme olarak
diistiniilmektedir. Yabanci firmalarca gelistirilen ¢esitli
kalip maliyeti hesaplama prosediirleri, Ingilizce dilini esas
almasi ve baz1 CAD ve/veya CAM yazilimlar ile birlikte
kullanilmasi: mecburiyeti yliziinden sanayiciler tarafindan
fazla kabul gérmemistir.

Bu programin KOSGEB araciligiyla iilkemiz orta
Olgekli kalipgilarina {icretsiz olarak tanitimi ve hibe
edilmesi planlanmaktadir. Boylece iilkemiz kalipgilik
sektoriinde faaliyet gosteren firmalarin kalip maliyet
hesabi igin ortak bir zemin saglanmig olacaktir.

Kalip klasik maliyet hazirlama prosesi yukarida
anlatildign ~ sekilde  diizenlenerek  kullanim  igin
hazirlanmistir. Proses, kalip maliyetini yiiksek dogrulukla
kullanictya verebilecek niteliktedir. Yapilan maliyet
analizinde, kullanilan malzemeler, kullanilan tezgahlar ve
isleme stireleri ile maliyete etki eden diger tiim giderler
kayit altina alinmaya caligilmigtir.

Ulkemiz sartlarma gére diizenlenen plastik enjeksiyon
kalip maliyeti hesaplama metotlar1 ile daha hizli ve
gergekci tahminin yapilmasina olanak veren alt yapinin
olusturulmasi saglanmis olunacaktir. Yapilan ¢aligma ile
plastik enjeksiyon kalip maliyeti i¢in harcanan zamanin
azaltilacagi, yillarin tecriibesi olmasa bile kalip maliyeti
yapilmasina olanak saglanacagi, gercek¢i ve dogrulugu
yiiksek kalip maliyetinin yapilmasina imkan taninacagi
diisiiniilmektedir.
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