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BiR MOBILYA FABRIKASINDA TEMIN SURESININ KRITiK
YORUNGE METODUYLA (CPM) BILGISAYAR DESTEKLIi ANALiZit

Dog. Dr. Ercan TANRITANIR »

Kisa Ozet

Orman drinleri endistrisinde en fazla goriilen sorunlardan birisi Gretim
sliresinin belirsizligi ve musteriye s6z verilen tarihte drtnin teslim
edilememesidir. Bu ¢alismada temin suresini kuclltmek amaciyla bir mobilya
fabrikasinin is akisi analiz edilerek Gretim sistemi teknolojik olarak gelistirilmis
ve en kisa Uretim siresi Kritik Y&ringe Metoduyla (CPM) bilgisayar desteginde
belirlenmistir. Sonuc olarak temin siresi 6 saat 48 dakika (% 32.8 oraninda)
kisaltiimistir.

Anahtar Kelimeler: Temin Siresi, Kritik Ydriinge Metodu (CPM), Mobilya
Enduastrisi.

1. GiRis

Orman Urinleri endistrisinde en fazla goriilen sorunlardan birisi, Gretim siresinin belirsizligi
ve musteriye sdz verilen tarihte driintin teslim edilememesidir. Bu durum isletmenin prestijini
olumsuz ydnde etkiledigi gibi, Uretim surecindeki belirsizlige karsi stok tutma zorunlulugu nedeniyle
Uretim maliyetini de artirmaktadir. S6z konusu sorunu ¢éziimlemek, &ncelikle is istasyonlarinda
parga islem siralarim belirledikten sonra tum Gretim sistemi igin en kisa Uretim siiresini bulmak
ve girdilerin satin alimim buna gére yapmakla mimkdndr.

2. MATERYAL

Bu calismada uygulama alani olarak standart mobilya Ureten bir fabrika secilmistir. Fabrikanin,
orta ve yiksek gelirli tiketici sinifina hitap eden driinleri; artan niifus nedeniyle giderek kiigiilen
ve standart hale gelen konutlarda alan tasarrufu saglayan standart mobilyalardir. Fabrikada Uretilen
mobilyalar dokuz adet modilden olusmaktadir. Bu modillerin isimleri asagidaki gibidir (Tablo 1).
Uriinleri olusturan toplam parga sayisinin fazlalihgi nedeniyle bu ¢alismada retim sistemini temsil
eden modiil olarak Kiigik Vitrin esas alinmistir (Sekil 1). '

A Bu proje istanbul Universitesi Arastirma Fonu’nca desteklenen “Mobilya Endiistrisinde Esnek Uretim Sisteminin Uygulanmasi
(1119/010598)" bashkli proje uygulamasinin bir kismini igermektedir.

A 1.0, Orman Fakiltesi, Orman Endistri Miihendisligi B6lamii Orman Endistrisi Makinalan ve igletme Anabilim Dall.

Yaym Komisyonuna Sunuldugu Tarih: 20.03.2002
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Tablo 1: Uriinler
Table 1: Products

iSim

NAME
Tek Kisilik Yatak
Gardrop
Tek Kapili Gardrop
Calisma Masasl
Kiguk Vitrin
Cift Kisilik Yatak
Ranza
Kdése Moduli
Oturma Seti

Sekil 1 : Kguk vitrin
Figlire 1: Display unit
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Parcalarin islem gordugi makineler ve kod numaralan Tablo 2°de Kigik Vitrin’in is akisi ise Sekil

2°de verilmistir.

Tablo 2: Fabrikada Bulunan Makineler
Table 2: The Machines in the Factory

KOD NUMARALARI
CODE NUMBERS

Mi
M2
M3
M4
M5
M6
M7
M8
M9
M10
M il
M12
M13
M14
M15
M16
M17
M18
M19
M20
M21
M22
M23

iSim

NAME
Levha Kaba Eballama Makinesi
Cift Tarafli Levha Net Ebatlama Makinesi
NC Levha Ebatlama Makinesi
Arabali Yatar Daire Testere
Kenar isleme Makinesi
Kenar isleme Makinesi
Coklu Delik Delme Makinesi
El Matkabi
Baza Toplama
Masali Daire Testere
Bantli Zimpara Makinesi
Gekmece Kasnaginin Toplanmasi
Gekmece Altinin Cakilmasi
Yatay Freze (bazalama igin)
Yatay Freze (cekmece igin)
Calisma Masasi Tabla Tezgahi
Cekmece Kazaklarinin Cakilmasi
Gekmece Kizaklarinin Alistinimasi
Etajer Montaji
Havali Tabanca (argraftabancasi)
Yatak Elemanlarinin Toplanmasi
Temizlik islemi
Rotus islemi, Aksesuarlarin Takilmasi ve
Ambalajlama

3. METOT VE UYGULAMA

3.1 Parga isleme Sirelerinin Belirlenmesi

Temin suresi; islem stresi, hazirlik stresi ve tasima siresinin toplamindan olusmaktadir.
S0z konusu streleri belirlemek amaciyla her parca igin islem gordigi makinelerde kronometre ile
Olctimler yapilmistir. Bulunan siirelere tempo ve toleranslar ilave edilerek standart zamanlar
bulunmustur (KOBU 1980; TANRITANIR 1993).



Sekil 2: Kuguk vitrinin is akisi
Figire 2. Work flow of display unit
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Tablo 3: Parcalarin islem Siireleri (Saniye)
Table 3: Parts Processing Times (Seconds)

PAKCALAR
PARTS
Ust Tabla
Upper Panel

Alt Tabla
Lower PaneS

Yan Tabla
Right - Left Panel

Cekmece Onu
Brawer Front
Cekmece Yanlan
DrawerRight
LeftPanel
Cekmece On ve
Arkasi

Orawer Frontand
Back Panel
Cekmece Alti
Drawer

Bottom Pad
Orta Bolme
Seperator

Dolap Kapagi
Lid

Ust Tabla Bazasi

Upper Panel Sticker

Alt Tabla Bazas!
Lower

Panel Sticker
Baglanti Citasi
Connection
Sticker

332 107
(30
P)
301.7
(30
pr
253
(12

D)
475

10.7

475

298 105
(45

P)
350 126
(12
P)

475

38.7

38.7

51.6

33.6

51.6

51.6

57.9 8.4

47.6 8.4

41.0

M M M
7 8 9
116 142.4
116 142.4
116 142.4
116
7.0
1424
1424
142.4

10

12.4 40.3 107.8

21.3

11

215

M
12

M M M M M M M

13

12.4 40.3 107.8 92.5

124

215

92.5

14

17.8

17.8

3.2 s istasyonlarinda Parga isleme Siralarinin Belirlenmesi

15 17 18 20 22

10.5 +144

10.5 78.7

10.5 44.4

105 78.7

20.2 10.5 34.3

13.4 21.0 87.1 10.5 34.3

87.1

44.4

96.8

105 78.7

10.5 44.4

10.5

29

M
23

244.7

270.0

354.4

270.0

244.7

244.7

244.7

244.7

2447

270.0

2447

Temin slresinin kisaltilabilmesi igin ayni is istasyonlarinda islenen parcalarin, o istasyonda
islem slresini minimuma indirecek sekilde siraya sokularak islenmesi gerekir. Bunun igin en yaygm
olarak kullanilan En Kisa islem Zamani (EKiZ) kiigiik olanin énce islenmesi veya Johnson ve Revize
Johnson Ydéntemleri’dir (ACAR 1989). Buna gore Kigik Vitrin icin belirlenen parca isleme sualari
Tablo 4 'de verilmistir.
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Tablo 4: Parga isleme Siralan
Table 4: Parts Processing Orders

M M M M MM M M M M M M M M MM M M M M
1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 17 18 20 22 23
¢6 OB Gy Bg UT UTB UT DK UT GY GY GY GOA AT GOA Gy GY UT Gy UT

coA UT ATB AT ATB AT AT GCOA GOA GOA CA GO GY COA AT GOA GY
YT DK UTB YT CO YT ¢cO6 CA ¢y YT UT COA
OB AT OB [ele] UTB  GY COA co YT CA
AT YT DK OB ATB CY OB OB
uT BC GCOA ATB DK
DK UTB AT ATB
ATB GO AT

B¢ UTB CO

DK UTB

YT

Once Geleneksel imalat Sistemi igin Storm yazilimi kullanilarak Kritik Yol Diyagrami
olusturulmustur. Bulunan degerler Tablo 5'te, kritik yol diyagrami ise Sekil 3’te verilmistir. Buna
gbre En Erken imalat Siiresi = 74787.7 saniye (20.77 saat)'dir.

3.3 Uretim Sisteminin Teknolojik Bakimdan Gelistirilmesi

Fabrikada geleneksel lretim sistemini teknolojik bakimdan gelistirmek amaci ile;

- Levha Kaba Ebatlama Makinesi, Cift Tarafli Levha Net Ebatlama Makinesi ve NC Levha
Ebatlama Makinesi'nin yerine CNC Ebatlama Makinesi;

- Kenar isleme Makinelerinin yerine CNC Kenar isleme Makinesi;

- Coklu Delik Delme Makinesi, EI Matkabi, Freze islemleri ile Calisma Masasi Tabla Tezgahi
yerine CNC Freze Makinesi (Point to Point),

- Gekmece Kasnaginin Toplanmasi, Gekmece Altinin Cakilmasi, Cekmece Kizaklarinin
Alistinlmasi islemleri ile Etajer Montaji islemleri icin Cekmece Montaj Makinesi,

- Ambalajlama islemi icin Ambalajlama Makinesi,
temin edilmistir.

Cekmece yan kayitlarini metalden yapilmaya baslanmasi nedeniyle cekmece imalatinda
kullanilan Masali Daire Testere, Bantli Zimpara Makinesi Uretim sistemi disina ¢ikarilmistir.
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Tablo 5: Geleneksel imalat Sisteminde En Erken imalat Siiresi ve Kritik Yol
Table 5: The Earliest Manufacturing Time and Critical Path According to Traditional
Manufacturing System

EN ERKEN EN GEC
_ ISLEM BSLM-BTS  BSLM-BTS
ISLEM ZAMANI BOLLUK
EARLIEST LATEST
OPERATION ~ OPERATING  START- START- SLACK,
TIME FINISH FINISH
1 4562.7 0.0 0.0 0.0
4562.7 4562.7
2 21525 4562.7 4562.7 0.0
6715.2 6715.2
5 5805 6715.2 6715.2 0.0
12520.2 12520.2
7 1450 12520.2 12520.2 0.0
13970.2 13970.2
9 21360 13970.2 13970.2 0.0
35330.2 35330.2
14 890 35330.2 35330.2 0.0
36220.2 36220.2
20 2362.5 36220.2 36220.2 0.0
38582.7 38582.7
22 144775 38582.7 38582.7 0.0
53060.2 53060.2
23 719225 53060.2 53060.2 0.0
124982.7 124982.7
4 3662.5 4562.7 7597.7 3035
8225.2 11260.2
6 1260 8225.2 8225.2 3035
9485.2 12520.2
3 1450 0.0 6410.2 6410.2
11875 7597.7
10 1462.5 11875 17706.45  126518.95
2650.0 19168.95
n 1316.25 2650.0 19168.95 16518.55
3966.25 20485.20
12 5390 3966.25 20485.20  16518.95
9356.25 25875.2
13 4625 9356.25 25875.2 16518.95
13981.25 30500.2
15 840 13981.25 30500.2 16518.95
14821.25 31340.2
17 525 14821.25 31340.2 16518.95
15346.25 31865.2
18 4355 15346.25 31865.2 16518.95
19701.25 36220.2
8 175 12520.2 74612.7 62092.5
126950.2 74787.7

o .EnErken imalat Siresi = 74787.7 saniye (20.77 saat)’dir ( Kritik yol
koyu renkle gdsterilmistir).



Sekil 3: Kiuguk vitrin imalatinda kritik yolun belirlenmesi (kritik yol koyu renk ile gsterilmistir)
Figlire 3: The determination of critical path in display unit manufacturing (critical path is in bold)
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Alt Tabla
Lower Panel
YanTabln
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Panel

Cekmece dnii
Druwer Front
Cekmece Yanlan
Dnmer Right
Left Panel
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(ist Tabla Bozasi
Upper Panel
Sticker
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Lovver

Panel Sticker
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Connectlon
Sticker
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TOTAL

CNC
EBATLAMA
'MAK.

CNC PANEL

SIZING
MACIIINE

12060

M4

CIRCULAR
SAW
wrrn
SLIDING
TABLE

57.9

47.6

41.0

3662.5

Tablo 6: Yeni islem Sureleri (Saniye)
Table 6: New Processing Times (Seconds)

CNC CNC CEKMECE CNC
KENAR FREZE M9 MONTAJ FREZE
ISLEME MAK. MAK. MAK.

MAK. SUB-

CNC EDOE CNC ASSEMBLY DRAVVER CNC
BANI)ER ROUTER ASSEMBLY ROUTER
MACIIINE MACIIINE
5.0 10.2 117.7
5.0 10.2 1177 51
19.0 38.0
4.35 9.56 1177 60 51
60
60
19.0 13.8
19.0 16.5
31 1177
31 117.7
1177
1938.75 2456.5 17655 150 255

M 20

ARGRAF

15

105

105

105

105

105

105

105

105

2362.5

M 22

CLEANING

29.6

525

29.6

52.5

229

22.9

29.6

64.5

52.5

29.6

9655

M 23
TOUCHING
UpP
AND
MOUNTING
OF
IIAUDYVARE
31
31

125

31

3.1

31

31

31
31

31

31

467.5

IZITYNY NINISTENS NINAL VANISYMINEVS VATISON 4
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Kritik Yoriinge Metodu iyilestirilmis tretim sistemine uygulayabilmek igin dnce yeni islem
sureleri bulunmustur. CNC Levha Ebatlama Malcinesi'nin islem siiresi CUTRITE yazilimi ile
belirlenmistir. Hem Geleneksel imalat Sistemi, hem de lyilestirilmis Uretim Sistemin'nin islem
stireleri belirlenirken, simulasyonla bulunan giinliik optimal parti biyuklugi (25 adet) esas alinmistir.
(Tablo 6).

Kritik Y®8riinge Metodu, lyilestirilmis Uretim Sistemi icin de bilgisayar desteginde uygulanmis
ve kritik yol diyagrami olusturulmustur (HALAC 1983; SAGIN 1974). Bulunan degerler Tablo
7'de, kritik yol diyagrami ise Sekil 4’te verilmistir. Buna gére En Erken imalat Siresi = 50257.8
saniye (13.96 saat)’dir.
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Tablo 7: lyilestirilmis Uretim Sistemine Gére En Erken imalat Siiresi ve Kritik Yolun
Bulunmasi

Tablo 7: The Earliest Manufacturmg Time and Critical Path According to Improved Manufacturing
System (seconds)

iSLEM EN ERKEN EN GEGC
iSLEM ZAMANI BSLM-BTS BSLM-BTS BOLLUK
OPERATION OPERATING EARLIEST LATEST SLACK
TIME START-FINISH  START- FINISH
CNC EBATLAMA MAK. 12060.0 0.0 0.0 0.0
CNC PANEL SIZING 12060.0 12060.0
MACHINE
M4 3662.5 12060.0 12060.0 0.0
CIRCULAR SAWV WITH 15722.5 15722.5
SLIDING TABLE
CNC KENAR iSLEME 1938.75 157225 15722.5 0.0
CNC EDGE 17661.25 17661.25
BANDER MACHINE
CNC FREZE M. 2456.5 17661.25 17661.25 0.0
CNC ROUTER 20117.75 20117.75
M9 17665.0 20117.75 20117.75 0.0
SUB-ASSEMBLY 37772.75 37772.75
M20 2362.5 37772.75 37772.75 0.0
ARGRAF 40135.25 40135.25
M22 9655.0 40135.25 40135.25 0.0
CLEANING 49790.25 49790.25
M23 467.5 49790.25 49790.25 0.0
TOUCHING UP AND 50257.75 50257.75
MOUNTING OF HARDYVARE
CEKMECE MONTAJ M. 150 12060.0 50107.75 38047.75
DRAtVER ASSEMBLY 1221(10 50257.75
MACHINE

« En Erken imalat Siiresi = 50257.8 saniye (13.96 saat)’dir (Kritik yol koyu renkle gésterilmistir).

4. SONUC

Yapilan ¢alismalar sonucunda uygulama alani olarak secilen mobilya fabrikasindaki tiretim
sistemini iyilestirmek amaci ile Levha Kaba Ebatlama Makinesi, Cift Tarafli Levha Net Ebatlama
Makinesi ve NC Levha Ebatlama Makinesi yerine CNC Ebatlama Makinesi; Kenar isleme Makineleri
yerine CNC Kenar isleme Makinesi, Coklu Delik Delme Makinesi, EI Matkabi ve Frezeler yerine
CNC Freze Makinesi alinmis; ¢ekmece yanlarinin metale dénusiimi nedeniyle Masali Daire Testere,
Bantli Zimpara Makinesi, Calisma MasasI Tabla Tezgahi, Cekmece Kizaklarmin Cakilmasi ve
Cekmece Kizaklarinin Ahlistinlmasi Gretim sistemi digina ¢ikarilmis; Cekmece ve Etajer Montaji
icin ise Cekmece Montaj Makinesi devreye sokulmustur. Hem geleneksel sistem hem de iyilestirilmis
imalat sistemi icin Kritik Y&riinge Metodu bilgisayar destedinde uygulanmis ve bu gegis ile 74787.7
saniye (20.77 saat) olan en erken imalat siiresi 50257.8 saniyeye (13.96 saat) dusmistiir. Bir baska
ifadeyle toplam imalat siresi 24529.95 saniye (6.81saat) yani % 32.8 oraninda kisalmistir.



COMPUTER AIDED ANALYSIS OF LEAD
TIME BY CPM METHOD INA FURNITURE FACTORY

Dog. Dr. Ercan TANRITANIR

Abstract

One of the problems seen in woodworking industry is the uncertainty of
lead time, because of this it is nsually impossible to deliver the products
on time. In this study, a furniture factory has been chosen as an application
place. To improve traditional manufacturing System and to shorten the lead
time, some machines have been changed. As a result, the earliest production
time has been determined by CPMand the lead time has been reduced 6 hours
48 minutes (32.8%).

Keywords: Lead Time, Critical Path Method (CPM), Furniture industry.

INTRODUCTION

One of the problems seen in woodworking industry is the uncertainty of lead time, because
of this it is usually impossible to deliver the products on time. As a result of this, the firm does not
only lose its prestige but also the production cost rises.

Applying Critical Path Method (CPM) on work flow, we can find out the earliest production
time, and buying raw material and ready-made parts according to this time, we can solve the problem
mentioned in the first paragraph.

In this study analyzing the work flow of a furniture factory, the earliest production time
has been determined by CPM (HALAC 1983, SAGIN 1974).

MATERIAL

In this study, a furniture factory has been chosen as an application place. The products of
this factory are Standard furniture and occupy small places in houses. This furniture are nine different
types (wardrobe, table, bed, display unit, book shelf, ete.). Because the part numbers of ali products
are numerous, the work flow of Display Unit has been taken as a sample.

METHOD AND APPLICATION
Determinating The Time of Part Processing

Lead time consists of processing time, set up time and transportation time. To determine
these times, each part has been measured on its machine by means of ehronometer (stopwatch).
With the addition of perfoimance and tolerance to these times according to formula, Standard times
have been determined (KOBU 1980).
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Determination of Part Processing Orders at Work Stations

To shorten the lead time, the parts vvhich are operated at the same work station, have to be
put in order. For this order, the rule called the Shortest is the First or Johnson and Revised Johnson
Method have been used (Acar 1989).

In the light of the data, CPM Method used in Traditional Manufacturing System, Critical
Path Diagram has been determined. According to this, the earliest manufacturing time (expected
completion time) was equal to 74787.7 seconds (20.77 hours).

The Improvement of Traditional Manufacturing System

To improve traditional manufacturing system, some changes have been made. These wvere;
- CNC Panel Sizing Machine has been used instead of Panel Sizing Machine, Double End Tenoner,
NC Panel Sizing Machine.
- CNC Edge Bander Machine has been used instead of Edge Bander Machines.
- CNC Router has been used instead of Multi Boring Machine, Hand Tool Drilling, Spindle
Moulder Assembling of Desk Table.
- Dravver Assembly Machine has been used instead of Assembling Dravver Frame, Fixing Dravver
Bottom-Pad, Fixing Dravver Slipvvays, Smoothing Dravver Slipvvays, Assembling of Nightstand.
- And a Packaging Machine.

Since dravver slipvvays have been made of metal, Circular Saw and Wide Belt Sanding
Machine have not been used.

To apply CPM method in improved manufacturing system, newv processing times have been
found out. The processing time of CNC Panel Sizing Machine has been determined by CUTRITE
cutting optimiztion program. The processing times of both traditional and improved manufacturing
system have been determined according to daily optimal batch size found out as 25 unit/day by
simulation.

To determine the earliest processing time, Computer aided CPM method has been used and
critical path diagram has been determined. According to this, the earliest manufacturing time
(expected completion time) was equal to 50257.8 seconds (13.96 hours).

RESULTS

Computer aided CPM method has been applied in both traditional system and improved
manufacturing system. Thus, the manufacturing time vvhich was 74787.7 seconds (20.77 hours)
has become 50257.8 seconds (13.96 hours). In another vvords, the total manufacturing time has been
shortened 24529.9 seconds (6.81 hours) as 32.8 %.
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